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2 FUNCTION DESCRIPTION 

The primary goal and purpose of designing the custom loudspeakers Temporarily Named Speaker 6, or 

TNS6 for short, is to develop a sealed loudspeaker system that can be used for mixing and editing sound 

for film, while still acting as a good source for general content playback. The TNS6’s are to be paired 

with a custom video editing computer to provide a functional sound system that can be used to mix 

sound for the very videos edited on the computer. These speakers are designed for hi-fidelity playback 

to reproduce content as accurately as possible across the frequency spectrum, giving a clean truthful 

sound. This could be also considered, as David Moulton describes, as listening backwards speakers that 

must accurately recall the sonic expression of past events1. 

One issue however, is that the size of the space available to install the TNS6’s will be limited to a 

bedroom or small office. Over the next ten years the space will likely change across various apartments, 

each with their own acoustical properties. This encourages the TNS6’s to be relatively small and 

compact with a clean rectangular boxed shape. This will allow for the loudspeakers to be easily portable 

and remain small enough that they would be able to be mounted on the computer desk itself, without 

occupying a significant portion of the desk’s surface area to allow room for visual displays.  

The maximum SPL for the TNS6’s doesn’t have 

to be too high. Required levels don’t tend to set 

much higher than 75 dB SPL in general, so 

having the ability to get up to 85 dB SPL would 

be ideal but any more than 90 would be 

excessive. Ultimately, by keeping the SPL down 

and the size of the enclosure to a moderate size, 

more resources can be driven towards 

extending the bass response, as shown in Figure 

2.1.2 

The visual aesthetics are a very important part 

to the design. When a space is pleasant to work 

in, i.e. clean, organized, soft warm lighting, with an overall visually satisfying atmosphere, the easier it is 

to work and better quality of work is created from it. That is the main factor in choosing to make the 

TNS6’s exterior entirely out of hardwoods. Not only are the grains and textures more pleasing than 

plywood, but by using oak as the main enclosure and possibly walnut as an additional accent, there will 

be an additional contrast to the cabinets that helps give a workspace more character and personality. 

The choice in wood will make the enclosures heavier and denser, but due to the smaller size, the weight 

distribution would be easily handled and maneuvered by one individual.  

                                                           
1 Moulton, David Total Recording KIQ Production, Inc. 2000, 313 
2 Murphy, John L. 2014. "Introduction to Loudspeaker Design." 56. 
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3 TECHNICAL SPECIFICATIONS 

3.1 SIZE, SHAPE, & STYLE 

3.1.1 Dimensions 

The TNS6’s are primarily designed for near field desktop monitors, and thus it is necessary to keep them 

to a manageable size that is adequate to fit atop the average desk while still maintaining maximum 

available desk space. As described by the custom furniture and cabinetry company Brezlin, conventional 

desks are often 60” wide by 30” deep.3 The TNS6 has a base external surface area of 11.25” x 10.25” 

resulting in only 115 in2 of the 1800 in2 desk being occupied for each loudspeaker. The majority of the 

TNS6’s surface area would be established vertically with the height reaching 19.75”. This will keep the 

size less obtrusive on the desk and yet not awkwardly tall. The exact interior ratios are based on 

approximately a major ninth or 1:1.414:2.245, bringing the interior dimensions of the TNS6 to 16.75” x 

8” x 9.75” for a total internal volume of approximately .75 ft3. The ratio is designed to create different 

resonances from the cabinet that do not perfectly complement each other. This size of cabinet will 

easily fit within any seat of a car or truck to make transporting the TNS6’s a smooth, simple, and stress-

free process.  

3.1.2 Material  

Having a hard-oak exterior, the TNS6’s will be more resilient to scratches and dents due to its high Janka 

Rating of 1290.4 The Janka rating is based on the Janka test of measuring the amount of force in psi 

required to embed a small steel ball into the wood up to its radius. In comparison aspen (a relatively soft 

poplar wood that you can easily dent with a fingernail) has a Janka rating of 380.5 This goes to show that 

the oak will help the surface of the TNS6 remain smoother and in better condition over many years. 

Additionally, since the TNS6’s are unpainted displaying only their natural grain, any dents or scratches 

that manage to be endured by the wood will be less evident since the surface is the same color as the 

core of the wood. The harder and denser wood will also help keep the cabinet’s resonant frequency 

lower as the wood will be less flexible and stiffer when responding to the motion and pressures created 

by the drivers. This should help the sound feel crisper and less muddy. However, if the cabinets were 

made entirely out of a single type of wood, it would result in a much harder sound, but by differentiating 

the wood with a slightly softer wood, unnecessary vibrations can be reduced6. This is why the TNS6’s are 

made with an internal cabinet constructed of MDF. Since MDF is just slightly softer than Oak with a 

janka rating of 1200, it will provide an element of softness to the loudspeakers articulation. 

3.1.3 Shape and Dispersion 

The cabinet edges have a rounded beveled edge to both give a sleek smooth look, but also help with the 

diffraction of sound. The waveforms will roll of the edge more evenly with the rounded edge and help 

                                                           
3 Brezlin, Custom Furniture and Cabinetry. Accessed February 1, 2018.  
4 n.d. Woodworkers Source Red Oak. Accessed January 30, 2018. 

5 n.d. Bell Forest Janka Hardness. Accessed January 30, 2018. 

6 Sony. 2012. Sony. Accessed Feburary 20, 2018. https://dealersource.sel.sony.com/dsweb/p/ar1/#wood. 
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prevent the frequencies from having sharp drop off points.7 This is desirable for a cleaner and smoother 

frequency dispersion between on and off access listening positions. By reducing any sharp roll offs, the 

sound dispersion in the room will also be overall cleaner as the sharp roll offs can lead to similarly sharp 

room reflections that cause issues at any listening position. With the 11.25” wide front baffle, the TNS6 

provides a baffle edge of approximately 1.6” on either side of an 8” woofer. The smaller this edge is the 

smoother the higher frequencies produced by this driver will disperse. This is because the larger edge 

will reflect more frequency wavelengths that are smaller than the edge width creating more of a beam. 

3.1.4 Weight 

The weight of the TNS6’s are targeted to fit between or below the range of 40-50lbs. With the cabinets 

approximately the size of half of a small end table or a moderately sized back pack, the weight is 

manageable when handling them. Additional, since the TNS6’s are designed to reside on a desktop, any 

need to transport or rearrange the cabinets would be greatly reduced. This will help keep the working 

environment stable and hazard free, rendering grills or protective cases for transporting the 

loudspeakers obsolete. 

3.2 SENSITIVITY AND POWER 

3.2.1 Power Handling 

The sensitivity of the TNS6 should fall within 86 dB to 90 dB at 2.83V/1m. This will help the keep the 

loudspeaker running efficiently at its base output level of 85 dB. The total power for a pair of TNS6’s 

should run around 250w. This includes two woofers, each running at 80w and two tweeter each at 45w. 

3.2.2 Frequency Response 

With a frequency response ranging from 20khz to roughly 50-60hz, the TNS6 should provide enough low 

frequency extension to actively reproduce the majority of the spectrum of effects. Across this spectrum 

a flat very neutral response of +/- 3dB will help represent each mix to be as honest as possible to the 

sound. 

3.2.3 SPL 

The dB SPL standard for today uses the K-system8, developed by Bob Katz. This system sets the 0 dB 

point at -12 dBFS, -14 dBFS, and -20 dBFS to create a different amount of headroom depending on 

playback purposes. Of the three standards, K20 is the one with the highest amount of dynamic range 

requiring a singular loudspeaker to reach a peak of 103dB SPL. To accommodate any level of the K-

system, the TNS6 is designed to reach 103 dB SPL. At this magnitude however, it is recommended per 

OSHA regulation that use of the TNS6’s be limited to approximately no more than 1.5 hours or risk 

exceeding the permissible noise exposure limits9. By complying to these regulations, listeners will be less 

                                                           
7 Loar, Josh. 2018. "discussion on enclosure problems including diffraction." Houghton, Michigan, January 22. 

8 Katz, Bob. 2000. "Part II: How to Make Better Recordings in the 21st Century." AES Journal.  

9 OSHA. n.d. "Occupational Noise Exposure." Occupational Safety and Health Standards 1910.95(b)(2). 
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at risk of hearing damage and 

experiencing any shift in their 

perspective of loudness due to 

the long exposure of loud high 

frequencies this is also called 

threshold shift.  

A study to identify the nature 

of the potential average 

listening levels that the TNS6’s 

will likely be exposed to is 

presented in Figure 3.1. The 

maximum likely level in 

environments with low noise floors, steadily landed in the 67-73 dB SPL range. This suggests that the SPL 

performance will not need to reach maximum output levels very often. 

3.3 COLORATION 

3.3.1 Resonances and Reflections 

As described earlier in section 3.2.2 and 3.1.2 the TNS6 is designed for maintaining a flat frequency 

response and creating a clean clear sound. These characteristics correlates to the behavior of the 

internal reflections. Having a smaller box can create undesirable resonances that make the sound field 

feel shallow and close. However, the TNS6 accommodates this by applying an absorptive fiberglass filling 

of 20% of the internal volume. This filling will virtually extend the depth of the cabinet allowing the 

speaker to act larger than it physically is. The filling is intended to absorb some of the internal reflections 

while not being too densely pack in which it becomes rigid acting as its own solid entity. This should also 

help reduce undesirable internal reflections created from having a rectangular cabinet shape. 

3.3.2 Mounting Characteristics 

Considering the TNS6’s are desktop monitors as described earlier boundary effect should only be 

present if the desk is up against a wall or in the lower frequencies that are short enough to reflect off 

the desktop’s surface. Boundary effects can cause an increased level of lower frequencies and should be 

considered if placing the desk against walls or in the corner of rooms. The weight of the TNS6’s will help 

keep the cabinets in place and prevent any surface rattling. Characteristics of the desk will subtly 

influence the resonances created by the TNS6 as well. It would be recommended that the TNS6’s be 

mounted atop the desk with a layer of foam in between, to help the desk become less susceptible to 

vibrations that might cause the desk to resonate.  
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4 CABINET DESIGN 

The TNS6’s design allows for ease of construction for any carpenter with 

a moderate skill level in construction. With a cabinet made of 13 pieces 

including 6 outer faces, 6 inner faces, and 1 brace, assembly can be quick 

and straightforward. Each piece is assembled using a combination of 

mitered, dado, and rabbit joints for rigidity and stability.  

The internal brace divides the interior cabinet, as described in section 

3.1.1, into two misaligned sections 5/8ths along the vertical axis. This 

bracing method is known as the North Creek method, and is intended to 

create two regions with different dissonant resonances.10 

To help with internal diffusion and provide more volume to the interior 

of the cabinet, the side and rear MDF panels have semi ellipsoidal cut 

outs and impressions. The diffusion will reduce the amount of flat 

interior surfaces and decrease internal standing waves. the increase in 

volume will also help offset the volume displaced by the internal brace. It 

will also provide the cabinet with more differentiation in its wall material density to create diversity in 

resonant frequencies. 

With a solid front baffle, and drivers with varying 

depths and sizes, the drivers’ voice coils rest at 

different points within the cabinet. This requires the 

closer tweeter to be delayed so that the cross over 

frequencies between drivers align. If the drivers are not 

aligned and in phase, the point where the image 

appears on axis would be shifted upwards, this is also 

call spectral shift. However, since the TNS6 is a desktop 

loudspeaker it would be desired to have the on axis 

point to be straight ahead on the central axis. By using 

Dayton’s ND20FB-4 and RS225-8, which will be 

discussed in greater detail in section 5, the amount of 

distance between the voice coils is 2.75 inches. This 

would correlate to a .20ms delay to the tweeter in 

order to time align to the woofer, keeping the listening 

point on axis with the center of the TNS6. 

 

 

 

 

                                                           
10 North Creak Music Systems. 1992. North Creak Music Systems Cabinet Handbook. Old Forege, NY 

Figure 4.1 Isometric model of TNS6 

Figure 4.2 Each face of the cabinet surfaces with the 
brace cross seen in front view between drivers. 
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Figure 4.3 Front, Side, Top, and Back views 
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Figure 4.4 Exterior Oak 

Cut Sheet 

Figure 4.5Interior MDF 

Cut Sheet 
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5 DRIVER SELECTION 

The drivers used for inside the TNS6 are Dayton’s ND20FB-4 and RS225-8. With both drivers outputting 
at approximately 90dB @1W/1M their initial level is closely proportional, and together they can cover a 
flat response from 20khz to at least 100hz without accounting for the cabinet.  

5.1 WOOFER (RS225-8) 

Looking at the RS225-8’s frequency response in figure 5.1 you can see that it can produce frequencies 
from 90hz to 2000hz. When adding this driver into the TNS6’s cabinet an f3 of approximately 55 
achievable.  

The closest competing driver 

during the design process of 

the TNS6 was the 

SB23NACs45-8. This driver 

would have been capable of 

achieving a lower f3 in the 

same size of cabinet but it’s 

voice coil is made of copper-

clade aluminum wire or 

CCAW. CCAW can wear out 

quicker than standard copper 

wire which made the RS225-8 

a better choice for increasing 

the longevity of voice coils. 

For a complete list of 

considered woofers see 

section 5.3. 

 

Figure 5.1 RS225-8 Frequency Response 
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5.2 TWEETER (ND20FB-4) 

The ND20FB-4 as seen in figure 5.2 covers a flat response from 1.5khz to 20khz. It is a rear mounted 
driver meaning it’s screws and mounting plate are hidden inside the cabinet rather than being visible 
from the exterior. This will provide a cleaner box look while only creating a small additional difficulty 
when installing the driver from within. It has a small waveguide to help with the dispersion and coverage 
of higher frequencies with only frequencies above 10khz beginning to beam slightly.  

 
The closest competing 

tweeter was the 

ND25FW-4. It originally 

looked like it should be 

a good choice due to 

having a larger 

waveguide to help with 

coverage and it could 

easily produce 1.5khz. 

However, it was then 

observed that the 

ND25FW-4 began to 

struggle when 

producing frequencies 

above 10khz quickly 

leading to further 

research. For a 

complete list of 

considered tweeters see 

section 5.4. 

 

Figure 5.2 ND20FB-4 Frequency Response 
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5.3 WOOFER CONSIDERATIONS  

 
SB2B23NAC45-8  
This driver was originally favorable due to its lower frequency response. However, it was listed as having 
CCAW or copper-clad aluminum wire. CCAW often can wear out sooner leaving the speaker less efficient 
and reducing the longevity of quality. It was desired to have more longevity and so the SB2B23NAC45-8 
was no longer considered. 
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PM220-8  
Coming with a Kevlar reinforced cone, the PM220-8 looked appealing. This type of cone can be better 
quality and durable then paper cones. However, after further investigation it was identified that this 
driver started rolling off around 100Hz which was less desirable. 
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RS270-8  
The Dayton RS270-8 showed a good response having a large coverage up to 1.5kHz. The main issue was 
that this driver was a little too large to keep for desktop loudspeakers. With a diameter of 10 inches the 
cabinet size would have had to increase in size to maintain the same dimensional ratio. 
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NE180W-04 
This driver was smaller which could keep the box size smaller and more manageable for desktop 
loudspeakers. However, as a factor of this smaller size its low frequency extension is not as applicable 
for having balance coverage down to 60Hz 
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W4-1337SDF  
This driver was small and again would help keep sizes down. The titanium cone was appealing both in 
aesthetics and rigidity. However, this driver would work better for a three way speaker due to its higher 
frequency roll off.  
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5.4 TWEETER CONSIDERATIONS   

 
ND25FW-4  
TH ND25fW-4 had a large waveguide that helped have a smoother off axis response for higher 
frequencies. Additionally, from the increase in size of the wave guide the aesthetic of this tweeter and 
the selected woofer would be more balanced and pleasing. However, after noticing the lack of higher 
response above 10kHz it was decided that this driver would not be sufficient to deliver the clear crisp 
sound of the higher frequencies. 
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ND28F-6  
The ND28F-6 has a lower response to 1kHz which would allow for either a more gradual crossover, or 
pairing with a woofer that had less high frequency capability. However, this driver has an impedance 
value above 1kHz which would make it less desirable to utilize it for frequencies at or below this value. It 
also has difficulties producing even coverage in the higher frequencies. 
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D27TG35-06  
This driver had a nice frequency response, but its off axis response was not gradual at all which would 
contribute to a very directional loudspeaker. 
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XT25SC90-04  
The XT25SC90 has good directional response that extends fast 1kHz while maintaining a flat response in 
higher frequencies. This looked nice but its poor off axis was less appealing. 
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NEO8S  
The NEO8S is a ribbon tweeter that would produce a nice ribbon textured sound, however it struggles 
producing smooth higher frequencies especially around the 10kHz range. Beyond this the cost of the 
NEO8s reached around $100 despite having a less balanced frequency. 
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6 CROSSOVER DESIGN 

6.1 INITIAL CROSSOVER 
The TNS6 drivers cross over point is at 

2000 hertz, with a 2nd order slope on 

each driver. This results in 12dB of SPL 

reduction per octave, reducing the 

amount of frequencies with summing 

between each driver, while not being 

too steep in which the crossover 

frequencies become too distorted. 

Figure 6.1 shows the estimated 

crossover summation for the drivers. As 

seen in the table, by crossing over each 

driver at 2kHz the levels in the 

summation areas remain relatively flat 

with only 3dB of variation. Since the 

TNS6 is bi-amped the level of the slightly less sensitive woofer can be adjusted to match the tweeter’s 

level to compensate for some of the discrepancies between the upper and lower halves of the frequency 

response. 

6.2 FINAL CROSSOVER 
After tuning, the crossover point shifted slightly to -5dB at 1995Hz. This was achieved by setting a high 

pass Butterworth filter of 24dB/octave on the tweeter at 2200Hz and a low pass Butterworth filter of 

18dB/octave on the woofer at 1750Hz, as seen if figure 6.1.2. 

 

 

Figure 6.1 Crossover estimate  
 

Figure 6.1 Final Crossover 
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7 SYSTEM TUNING 

 
Using the miniDSP 2x4, the TNS6’s has been tuned to preform within +/-3dB across is operating 
frequency band from 20khz to ~55hz. This included time aligning the drivers to increase performance on 
axis. As discussed earlier the voice coil of the woofer is 70mm behind the tweeter’s requiring a delayed 
signal to the tweeter of .204ms to correctly time align the two drivers. This will shift the optimal 
listening axis to being directly in front of the speaker rather than being slightly off center vertically.  
The steps taken to tune the TNS6’s is described below.  
 
Figure 7.1 demonstrates the drivers’ initial frequency response with their estimated crossover filters at 
3k and 1.5k respectively, and the initial tuning result after applying the changes in the changelog below.   
 
 
Changelog 1 
M1 Initial Woofer (W) 
M2 Initial Tweeter (T) 
M3 Initial Crossover 
M4 W1800/24 T3000/18 
M5 Regain amps 
M6 T2500/18 
M7 Regain W Amp 
M8 W FQ700 -3db Q.5 
M9 W FQ700 -6db Q.5 
M10 T FQ17K -3db Q.7 
M11 Add some Insolation 
M12 W High-pass Bypass 
M13 W High-pass to F50/12db 
M14 W HP FQ60 +3 Q.8 
M15 W F800 -8 Q.5 
M16 W F900 -6 Q.5 
M17 W High-pass Bypass 
M18 T FQ18K 
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Initial Tweeter: High pass at 3k 

Initial Woofer: Low pass at 1.5K 

Figure 7.1 First Tuning Results 
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Further Tuning commenced with more insulation on all sides of the cabinet interior. The changelog 
below shows the steps taken to the final measurement in figure 7.4. Figure 7.5 and 7.6 represent the 
settings on both drivers used to achieve the tuning. 
 
Changelog 2 
M1 More Insolation - W No High-pass (HP) 
M2 W with HP  
M3 W No HP/ No 900 
M4 W F700 -6dB Q.5 
M5 T HP 2000 
M6 W 2000 Tw 2500 
M7 W 1900 18DB/O 
M8 T 18000 -3dB Q1.3 
M9 T 2200/24 BW 
M10 W 1750/18 EQ 650 -5dB Q.8 
          T 2200/24 EQ 18000 -3dB Q2 
 
 

 
 
 

Figure 7.4 Tweeter Filters 
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Figure 7.5 Woofer Filters 
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8 FINAL PERFORMANCE DOCUMENTATION 

 

 

 

 

 

 

 

 

 

 

Figure 8 1 Total Cost Sheet 
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0,9,15 degrees off axis  

0,30,45,60 degrees off axis 
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8.1 SPEAKER GLOSSY 
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