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A 8/12/2011 Release to production 5557 n/a JM
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High Performance 15 inch woofer with low power compression

Transducer Mechanical Characteristics

Model # | 2216Nd |  Part#] 320-0045-001 |
Assembly

Mounting Diameter: | 13.78 inches | Mounting Depth:| 7.66 inches |

Flange Diameter: | 15.23 inch - 5 deg draft | Flange Depth:| 0500 inches |

Mounting Detail:|  8x0.270" Thruon 14560"B.C. | Overall Depth: | 8.325 inches |

|

Other:| Rubber front gasket sits outside frame flange, increasing Diameter to 15.578 inches
Frame
Type:| Thin wall Cast Aluminum | Material: | 380 Aluminum Alloy |
Color:| Black | Finish:| Slight texture Powder Coat Paint |
Other:| |
Diaphragm
Type:| Curve-Linear cone | Material:| Mogami special Paper pulp formula |
Color:| Black | Finish:[  Ribbed cone surface - smooth back |
Other:| |
Surround
Type:| 3 roll accordian edge - semi cup | Material: | Mogami special Nylon/cotton blend |
Color:| Black | Finish:| Airflex 400 edge treat damping |
Other:| |
Spider
Type:| 4.5 roll accordian - semi cup | Material: | Conex fiber (Aramid fiber) |
Weave: | NX9046 / NW11 | Color:| Natural (Yellow) |
Other:| Deflection = 0.28 inches @ 50 grams |
Front Gasket
Material: | NBR rubber trim ring | Color:| Black |
Rear Gasket
Material: | n/a | Color:| n/a |
Voice Coil
1.D.:| 3 inch - dual coil | Max. O.D.:| 3.120 inches |
Wire Type:| 5056 Aluminum Ribbon (Edge) wound | Wire Size: | 0.048 x 0.011989 inch (bare) |
Wire Turns: | 64 each coil | Wire D.C.R.:|  5.00 Ohms (series connected total) |
Winding Width: [ 0.800 inch each coil @ .30 inch apart | Winding layers: | 1 layer |
Former:| High-Temp 0.18mm FQG Fiberglass | Wrapper:|  High-Temp 0.13mm NEC - 2 layers |
Other:| Coils internally connected in Series, Perforations 10x @ 0.25 inch Dia. |
Magnet
Material:|  Neodymium 33MGOe - SH grade | Thickness:| 0.350 inch |
0.D.:| 2.910 inch | 1.D.:| 0.535 inch |
Other:| Finish: Zinc Electroplate with Electrolytically applied Epoxy paint |
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High Performance 15 inch woofer with low power compression

Transducer Mechanical Characteristics (Motor)

Model # | 2216Nd |  Part#] 320-0045-001 |
Pole Plate(s)
Material:|  Cold rolled Steel ( < 0.15% carbon) | Thickness:| 0.300 inch |
0.D.:| 2.930 inch | 1.D.:| 0.510 inch (for rivet) |
Other:| Finish: Clear Zinc palting |
Pole-Mag-Pole Asy. (Burger)
0.D.:| n/a Copper Cap:| n/a |
Vent:| n/a |
Other:| |
Gap Sleeve
Material:|  Cold rolled Steel ( < 0.15% carbon) | Thickness:| 1.300 inch (Height) |
0.D.:| 3.788 inches (press area) | 1.D.:| 3.180 inches |
Other:| Slight taper at ends but not "saturated tips". |
Bucking Magnet
Material: | n/a | Thickness:| n/a |
0.D.:| n/a | 1.D.:| n/a |
Other:| |
Shielding Can
Material: | n/a Thickness:| n/a |
Other:| |
Misc
Terminal Size / Type:| Plastic Push-button (high pressure) | Polarity: | E.LA.

SFG Configuration: |

Differential Drive configuration with dual opposing magnetic gaps

Flux Stabilizing Ring: |

n/a

Tinsel Lead Type:|

Silicon Pigtail assembly (located under dome)

Tinsel Lead Attach.:|

Crimped at Terminal and crimped/soldered at voice coil

Other:|

Special voice coil wire is used with low TCR value to reduce increase of DCR as coil temp rises.

Notes:
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Model # | 2216Nd |  Part#]

320-0045-001

Transducer Electro-Mechanical Parameters

+/- 10%
+/- 3%
+/- 5%
+/- 5%

+/- 5%

+/- 1dB

Fundamental Resonant Frequency (Hz): Fs

Transducer Direct Current Resistance (Ohms): DCR

Total Driver Q at Fs, Considering all driver Resistance: Qts

Moving Mass (g): Mms
Motor Strength (T*m): Bl 18.9
Voltage Sensitivity(2.83V@1 meter) SPL 95 *

Radiation Area Sd

Method

Software:| MLSSA |

Mass Loading:| 200 grams |

|

Misc.: |

Magnetic Flux Information (For Engineering Reference Only)

Total flux lines intercepted by coil windings [Maxwell Turns]: |

291,500 (each coil)

Conversion to flux density [Tesla]: |

0.587 (each coil)

Flux lines throughout gap thickness [Maxwell Turns]:|

173,000 (each gap)

Conversion to flux density [Tesla]: |

0.934 (each gap)

Notes

Parameters provided are nominal values which are closest to the Engineering Referance Standard

Voltage Sensitivity takes precedence over possible T/S combinations that would produce SPL

* SPL of 95dB measured at Min Impedance (200 - 300 Hz)
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High Performance 15 inch woofer with low power compression

Transducer Test Specifications
production testing quantities per HCG QA AQL

Model # | 2216Nd |  Part#] 320-0045-001

Polarity Test

Polarity: | E.I.A standard (+ voltage at Pos terminal = Cone Out) |

Dynamic Test

Sine Sweep Voltage: 17 vrms
Frequency Range: 20 Hz - 500 Hz
Sweep Duration: 6 seconds
Power Test
Signal | Pink Noise, 40-400 Hz, 38 Vrms, 6dB Crest Factor*
Duration: 8 + 92 hours(Qualification), 2 hrs (Production Audit)

Impedance
DC Resistance: 5 Ohms
Min. Impedance @ Frequency | 5.8 Ohms at 240 Hz |
Frequency Response
Freq. Response: Window Averaging Slope
60 - 403 Hz +/- 1.0 dB 1/6 Octave 36 dB / Octave
403 - 905 Hz +/- 1.0 dB 1/3 Octave 36 dB / Octave
905 - 2K Hz +/- 2.0 dB 1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave

Notes:

Units will pass 48 Vrms at 50Hrs and even higher voltages for much shorter duration.

2nd Harmonic Distortion level to be about +/- 5dB from 2nd Harmonic of authorized Line / QA Production Standard
This is to monitor LOW voice coils in the Magnetic gap.

Page 7




Document Number

9990013

Rev #

Date
8/12/2011

Engineering Standard
Measured Parameters

High Performance 15 inch woofer with low power compression

320-0045-001

Part # |

2216Nd

Model # |

galawedey ysSsIy

‘1m32WE!

- i

LL

@ASOTY 311§ 2O
wd bs 267206 :(PS) vawy

(749 =™

SIIMET Oh

(Sjaad 1109 ZT/7M) Tud nay PNIT2Z

C(PIPUANUDIDT ST YOG~ 03 #0Z-) XL HE- = S Ul }JIYE " [NJSsapons Sysfifeuy

(8uyo /50 - vaMu PIXII 13pow YO
(sueah 000" 002) PIPeO] 838y poylay

[Suyo glgp
W-e1s3al
UoM3N/pd
suveah

SJa} I
swyp

s L

Hu

Hu

Suyn
sSwyn
z}
sSwyn
S3TUN

00°0
1°96
9% 81
2Z1
12°SET
69°0b1
EE'O
95" T

8
L= o o o

25’
44
b

=a

A 4
9E" 1S
£2°S
92°6E
S5°0
aNen

Xapui-qny
(PS) J3X1dS
14

su)

sSuy
(PS)sen
PeoT IS
4. |

rA |

| Y|

sih

s3afy

sufy

say

M

sS4

334 J-ISNY
Jajaueaey

sJajaueae] painseay

dnoxy Jaunsuo) wewdey J0J BBRE-GLPE-L220TOH 1Nk 0JS USSTH

A S
91
St
bT
(24 |
2z
|1

=
e (NN L D000

Q
=
-

Page 8



Rev #

Document Number

Engineering Standard Date
Frequency Response 8/12/2011

A

9990013

High Performance 15 inch woofer with low power compression

Model # | 2216Nd |  Part#]

320-0045-001

=
—_
(]
-l &
= 5
=
=
=
ST
=
— =
=
2
g‘ - =
(7))
o’
th
(]
| .
2
o
=
<[
E T T I I R
E = = = = = ]
o = = = 2 = 2
l"':I:t (E4nOF 121 gp) [2aa7] ainssald punos

Frequency (Hz)

2216MNd Fregquency Respanse, 2.83 Vrms @ 1

A 149 2216Nd Rev G#1, EPR standard

jmora - 5502011 95051 AM - ChDocumerts and Settingstjmarothy Documents'HATS DatalBL S47000221 BN hats

Page 9




SR PNALEZI00FS TEMER] SUTFHEIUSWNI00 A ouoh sBUlas pue SIaWnIo 2 - Wy 52056 | WOZSS - ool

9990013

HPOZAHPIE 25~
LHPOEHPUE TL5L
apro0l-1sia A0 "PHEPUELS MdT ¥ IR A8 PNALET (051 A

W1 SUUA O] - UOIMOYSI] JUOUWLEH PG LTE

Document Number

320-0045-001

Rev #

Part # |

Date
8/12/2011
High Performance 15 inch woofer with low power compression

2216Nd

(zy) Aouanhaly
oo0oz ooaaL oool ool 0z
| ; — _ _ 005

(ednF Ja1 gp) [8aaT] alnssald punos

ookl

Engineering Standard
Distortion (Low Level)

Model # |

wajsAg )sa | olpny NYIWYVH

Page 10




Document Number

9990013

Rev #

Date
8/12/2011

Engineering Standard
Distortion (High Level)

High Performance 15 inch woofer with low power compression

320-0045-001

Part # |

2216Nd

Model # |

SIEU IRALZ200LFS TEMEIE] SLTHIEUEWNG0T A oolf sEURES pUE SIUSWNI0TD - W 817 111 | LOZISS - ouowl

+HPOCHME SBSL ]
HPOTHPUE S25]
gRGLL-12I0 ADR'GE "PIERUELS HdT ' I#9 A8Y PNGLET (G5)

W@ SUUA BGT - UDIMOISI] NIUOUUEH PG LEE

(ZH) Aouanbaig

oooog oooak ook ook e
_ _ , \/\ 1 0ne
.. H . .._ . _ | R T - z | D_H_m
b .m ,f w {
§ u
/ =
3
k. o
Az
-000 &
=
%
b
&
=
m
-00LL &
s8]
]
=
ag|
=,
— 00zl
0oEL

waysAg 1sa] oipny NYINYVH

Page 11



Engineering Standard Date Rev # Document Number
Impedance 8/12/2011 A 9990013
High Performance 15 inch woofer with low power compression
Model # | 2216Nd |  Part#] 320-0045-001
A &
5
N =
o
N
N g
\\
\ s
O
D N\
L
L —
[75) \
>
(e =
o N
= )
1] \
S ]
Leb) S
o , &
£ /
7 S
Prat
s
< | %
\\ = %

200
100
50

20

10

Page 12




Engineering Design
Specification

Date

Rev #

Document Number

8/12/2011

A

9990013

High Performance 15 inch woofer with low power compression

Model # | 2216Nd

|  Part#]

320-0045-001
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High Performance 15 inch woofer with low power compression

Model # | 2216Nd |  Part#] 320-0045-001
INncrease of voice coil tempaerature Delta Tw () and electrical imput powwer P ()
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Swmbol | Large + warm | Large + Cold | Small Signal | Unit Commenk
Delta Tv = Tw-Ta 15 [u] -0 K increase of voice caoil kemperature during the measurement
wprok 2.5 9.5 1.7 mrn maximal woice coil excursion (limited by protection syskem)
Re (Tv) 5.585 5.27 5.27 <hmn {imported) voice coil resistance considering increase of voice coil ktemperature Tw
Le (¥=0) 0.61 0.61 0.58 mH woice coil inductance at the rest position of the waice cail
LZ (¥=0) 0.32 0.3 0.30 mH para-induckance at the rest position due ko the effect of eddy current
RZ (X=0) Z.60 Z.60 2.4 ohm resistance at the rest position due to eddy currents
Crnes (X=0) 456 456 432 LF electrical capacitance representing moving mass
Loes (x=0) 55.63 55.63 45.15 mH electrical inductance at the rest position representing driver compliance
Res (xX=0) 3.7z joi= 41.75 Chim resistance at the rest position due to mechanical losses
Qs (R=0, T+) 3.50 3.50 4.08 rmechanical Q-Factor considering Fims only
Qes (T 0.43 0.41 0.48 electrical Q-Factar considering Re (Tw) anly
ks (=0, Tw) 0,39 0.37 0,435 ktotal Q-Factor considering Re (Tv) and Rms only
Fs 30.8 30.5 365.0 Hz driver resonance frequency
Riknwe 0.695 0.695 K thermal resistance of path From coil ko magnet structure
Rkt 0.148 0. 145 [T thermal resistance of magnet struckure to ambient air
Tk 53.051 83.0581 il thermal capacitance of voice coil and nearby surroundings
re 1.4265 1.4265 sk Ehermal resistance due ko convection
Mms 135,200 155,200 135,900 g {imported) mechanical mass of driver diaphragm assembly including woice-coil and air load
Rms {X=0) 7.505 7.508 7.533 kais mechanical resistance of total-driver losses
Crns {(X¥=0) 0.20 0.z0 0.14 gl rmechanical compliance of driver suspension at the rest position
Bl (x=0) 13.39 18.39 18.39 [T {imported) Force Factor ak the rest position (Bl product)
Yas 228.4737 228.4737 166.5286 | equivalent air volume of suspension
MO 1.473 1.560 1.560 S reference efficiency {ZPi-sr radiation using Re)
L 93.58 9.1 9.1 dB charackeristic sound pressure lewvel
Sd 207,92 207,92 207,92 cm? diaphragm area
Swernbol | walue | Linie | comment
FMode Thermal Mode &7
Record 4T g St
Laser signal reliable
E O0:51: 46 h:irin:s  reasurement tinme
Ei {E2 4.0 o error current measurement
Ex (k) .4 Er N error laser measurement
Eu (k2 13.2 e error amplifier check
Delbs Tw (Delta Thim) 15,2 (100,03 K increase of voice coil bemperature (limik)
Elmin (Bllim} S4.6 (Z5.00 e minimal Force Factor ratio Climicl
Crnin (Clim) 59.0 (Z0.0) o minimal compliance ratio {limit)
P (Plim =1.S9 (S0,00% e real eleckrical input poveesr (limik)
Lrnir S53.3 e rhimirnal inductance rakio
Fr 465,55 et mnominal sleckrical input powveesr
F Re 27.15 s Fower heating woice coil
F con =5.5 e deducted power due to canwvection cooling
Slarge (Gmasx) 16.5 (26.0) de gain of the excitation amplitude increased in the large signal domain (masximum
Mech. swskemn abs. import used to identify Mmechanical swsktem in absolute quantities
=dc 0.1 rnrn dc component of voice coil excursion measured in the lask update inkerwall
=peak s5.9 mm positive peak walue of woice coil excursion measured in the last update interwall
=bottam -F.5 mm negative peak walue (botkom) of vaoice cail excursion measured in the last update interwall
=P &.3 mm upper it ofF displacement range (9954 probability
=p- 5.1 mm lowser limit of displacemenk range (99% . probability
®prok a5 mm maximal woice coil excursion allowed by proktection swskem
w Frns 0.1 s woice coil welacity
Irms =.z05 o rrs walus of the electrical inpuk current
Urms 16,459 W rms walue of the electrical voltage at the transducer terminals
Ipe=alk F.S=3 s peak walue of the eleckrical input current
Up=ak =55.9587 W peak waluse of the eleckrical woltage at the transducer Eterminals
P .50 dE thermal poveer compression Fackor
b =21.3 e distortion Factors representing contribukion of nonlinear Force Fackor
=3} 1.2 o distartion Factor representing contribution of nonlinear induckance
Do 11.5 e distortion Factor representing conktribution of nonlinear compliance
R Ec (wd 1.73 K
R Eh Eakal 0.56 K Delts Tw f P Re
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