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Engineering Design Dete Rev # Document Nurmber

Specification 8/12/2011 A 9990013

High Performance 15 inch woofer with low power compression

Transducer Mechanical Characteristics

Maodel # | 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| 0.500 inches |
Mourting Detail: | 8x 0.270° Thru on 14 560°B.C. | Owerall Depth: | 8325 inches |
Clther:| 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:|  Siight texture Powder Coat Paint |
Other: | |
Diaphragm
Type:| Curve-Linear cone | Material:|  Mogami special Paper pulp formula |
Calor:| Black ] Finish:[  Ribbed cane surface - smaoth back |
Other:| |
Surround
Type:| 3 rall accordian edge - semicup | Material:[  Mogami special Nylon/eatton blend |
Calor;| Black | Finish: | Airflex 400 edge treat damping |
Other: | |
Spider
Type:| 4.5 roll aceordian - semi cup | Material: | Conex flber (Aramid fiber) |
Weave: | NXOO046 / HW11 | Color:| Natural (Yelliow) |
Other: | Deflection = 0.28 inches @ 50 grams |
Front Gasket
Material: | MER rubber frim ring | Color:| Black |
Rear Gasket
Material: | nia | Color:| n/a |
Voice Coif
ol 3inch - dual eall 1 Max. ©.0.:| 3120 Inches |
Wire Type:| 5056 Aluminum Ribben (Edge) wound | Wire Size: | 0.048 x 0.011989 inch (bare) |
Wire Turns: | £4 each coil | Wire D.CR.:]| 500 Ohms (series connected fotal) |
Winding Width: | 0.800 inch each coil @ .20 inch apart | Winding layers: | 1 layer |
Former:| High-Temp 0.18mm FOG Fiberglass | Wrapper:|  High-Temp 0.12mm 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 |
o.D:| 2,810 inch | LD 0.535 Inch |
Other:[ Finish: finc Electroplate with Electrolyically applied Epoxy paint I
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High Performance 15 inch woofer with low power compression

Transducer Mechanical Characteristics (Motor)

Mode! # | Z#16Nd | Part#| 320-0045-001 |
Pole Plate(s)
Material:|  Cold rolled Steel { < 0.15% carbon) | Thickness:| 0.300 inch |
C.0.| 2,830 inch | LD 0.510inch (for rivet) |
Other: | Finish: Clear Zinc palting |
Pole-Mag-Pole Asy. 1&9&'}
oD nfa | Copper Cap| nia |
Vent!| n/a |
Other: | |
Gap Sleeve
Material!|  Cold rolled Steel ( < 0.15% carbon) | Thickness:| 1,300 inch {Height) |
C.D.| 3.788 inches (press area) | L.D.:| 3.180 inches |
Other: [ Slight taper at ends but not "saturated tips". f
Bucking Magnet
Material:| nia | Thickness | n/a |
oD n/a | LD.| n/a |
Other:| |
Shielding Can
Material:| nia Thickness:| nia |
Other: | |
Misc
Terminal Size / Type:|  Plastic Push-butten (high pressure) Polarity:| ElA

SFG Configuration: |

Differential Drive configuration with dual opposing magnelic gaps

Flux Stabilizing Ring: [

nia

Tirsel Lead Type: |

Silicon Pigtail assembly (located under dome)

Tinsel Lead Attach. |

Crimped al Terminal and cimped/soldered at voice coi

Other: |

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

Notes:
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High Performance 15 inch woofer with low power compression

Model # | 2216Nd |  Part#|

220-0045-001

Transducer Electro-Mechanical Parameters

10%

1dB

w (e

Fundamental Resonant Frequency (Hz) Fs +-
Transducer Direct Current Resistance (Qhms) DCR E +-
Total Driver Q at Fs, Considering all driver Resistance: Qs 0.44 +-
Meving Mass (g): Mms 135 +{-
Motar Strength (T*m): Bl +-
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 [Masxwell Turns]:|

251,500 (each coil)

Conversion ta flux density [Tesla]: |

0.587 (each coil)

Flux lines throughout gap thickness [Maxwell Turns]|

173,000 {each gap)

Conversion to flux density [I'esla}‘|

0,934 (each gap)

Notes

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

oltage Sensitivity takes precedence over possible T/S combinations that would preduce SPL

* SPL of 5548 measured at Min Impedance (200 - 300 Hz)
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Specification 8/12/2011 A 9990013

High Performance 15 inch woofer with low power compression

Transducer Test SPECfﬂCﬂﬂOﬂ'S
produclion testing guantities per HCG QA AQL

Made! # | 2216Nd | Part#]| 320-0045-001

Polarity Test

Polarity | E.1A standard (+ valtage at Pos terminal = Cone Out) |

Dynamic Test

Sine Sweep Vollage: 17 vims
Frequency Range: 20 Hz - 500 Hz
Sweep Duraticn: 6§ seconds
‘Power Test
Signal|  Pink Moise, 40-400 Hz, 38 Wims, BB Crest Factor
Duration. & + 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
50-403 Hz +F 1.0 dB 1/6 Octave 36 dB / Oclave
403 - 905 Hz +- 1.0 dB 1/2 Octave 36 dB / Octave
805 - 2K Hz +~ 2.0 dB 1/3 Octave 36 dB / Octave
1/2 Octave 35 dB / Oclave
1/2 Octave 35 dB / Qclave
1/3 Octave 36 dB / Octave
1/2 Octave 36 dB / Octave
1/3 Octave 36 dB / Octave
173 Octave 36 dB / Octave
1/3 Qctave 36 dB / Qclave
Notes:

Units will pass 48 Vrms at S0Hrs and even higher voltages for much shorter duration.

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

Page ¥




Document Number

9990013

Rev#

A

Date
8/12/2011

Engineering Standard
Measured Parameters

High Performance 15 inch woofer with low power compression

320-0045-001

Part # |

2216Nd

Madel # |

LAm3IZWE!

LL-

rajaueae] :USSIM

' (POPUANMOD3X ST %G~ 03 %9Z-) ZE£°GE- = SJ UI 3JIYS ‘[nyssasons sysfijeuy

@IsoTo :a1vy ob (SWyo 2S°0 - $8°S) Paxid :9Ipou

(SJJad 1109 ZT/M) Tud" N3y PNITZZ

Hoa

ud bs 26°206 :(PS) vaay (sweal OO’ 00Z) papen|-ssey :poyiay
00°0 Xapui-qny 2T

799 =™ [suyo g1gp 1T'96 (PS)J3ITdS 9T
W-e1say 96" 81 14 St

wonAN/Yd 221 suw) B

sueah 12°SET suy €]

Saay| 69° 0% (ps)sen 21

swyQ EE'0 PpeOl-ASWY 1T

swyp 95°1 Z4 o1

Hu 59°'0 Z1 6

Hu 25'0 11 8

2 s 2

6k 0 sap 9

9L'¥F su S

suyq 9" 1S say b

suyp 22'S ay £

ZH 92°6E s Z

swyg 65'0  99JJ-TSHY T
S31Uf) anjen  Jajawedgey  aup]

S3IuET Jh sJajauege] paunseay

dnoay Jaunsuo) uewsey J0J BEFE-GLPE-LZZ0TOR 1Mk 0JS USSTH

Page 8



Engineering Standard Date Rev? Document Nurmber

F{equeng}r RES[JOHSE 8/12/2011 A 9980013

Hi_gh Performance 15 inch woofer with low power compression

Model #| 2216Md | Part#| 3200045001 |
=
=)
=2
o =
&= s
]
=
c"‘—‘—-—..
= "
& £
=" N |
o
o P 2
-8 [~ £
e ]
L | £ i
= |2 =2
o -]
5 |8 :
=il i i
8 |& -
w |5 L
g z
[ 5
= (&
= &
3 £
o
£ 8
o
@ =
— i
m -8 %
& "B
= o
- = £
v W E
= o 8
o .
= 5 |3
= x =
< o &
— ¥ i
‘t T T T T g LD =
E o o =] = =] [=] & g
~ o = 5 2 = 2 & g
= = g :
§ (BE4NOF 18) @p) 848 alnssald punos z E

Page 9




SEY NS LED00LES WEMEE] SLTHSIMeWN0] Apojoud sEages pus SUeunaomD < WY #2456 | IL0ZISS = Dsowl

sHI0E+ME TS
SHPOEHPUT 151~
BROOL-5I0 ADL "PIepUelS Hd3 'f 1#9D A8 PNALZZ ‘051 ~A

Docurnent Mumber

9980013

Hev #

A

Date
8/12/2011

Engineering Standard
Distortion (Low Level)

High Performance 15 inch woofer with low power compression

J20-0045-001

Part # |

2216Md

Model #|

W@ SULA ) - UOMDSI] AUDULEH PMGLET

(ZH] Aauanbaig

0000z _uu_u__um _un__...__‘ _u___u— 0z .
BTN » T e
__. i | % _“,_ L _ ._. ..._ _mr
mu B_ __ ._"_ h , _ D&m h__L\___,_ﬂ bl W__..f,J _4\\ __;.._R _.m .__ J._
_.h ._ * ____ _ ! _F ¥ .__ F ___ ! ! | ! F "..z -
AV AL A
L3 | 1 | 1 Eh
I Tl | \ 5] o A w
>< W bei [ | _7 __._.,/ __“__ 2 et | HEF] M
- 008 W
=006 W
~ 0°0ol
00kl

wiaysAs 3sa ] olpny NYINNYH

Page 10



o
5
= s
=l By
=] ©
5l 8
£l O
=1 s
2
]
-
ol <C
| (v
g
=
[ 4]
®
El S
-
(3]
=]
2
a >
= @
ml_
- L
0 oy
o L
[
= =
L O
Q£
-
= 0O
ey i’
c w
w o

High Performance 15 inch woofer with low power compression

J20-0045-001

Part # |

2216Md

Model #|

SR PNG LED00LES EMNER] S1YHEMNAWN20] ApoowhsOUes pus SURWNI0M-D = Wy BLZ L kL | UDZS/SHS = cuoul

«HPOZ+PIE “BS)
HPOCHPUT LS| A
BPSLL-ISIQ ADR 3T 'PEpUels HAT ' 139 A3 PNSIZZ ‘951 ~ ]

W1 @ SUUA F'GZ - UOIMDISIO JIUOWUEH PG LTT

(ZH) Aouanba.y

0oonoe goool ooo L ool 0z

m ; : ] 008
- 006

[F]

Q

=

v

T

- 000L @

it

o

5

&

=

m

- 00l B

[ o]

(=]

=

)

E_X
- 00z)
DOEL

wieysAg 1sa | oipny NYIWNYH

Page 11



Engineering Standard
Impedance

Date

Rev #

8/12/2011

A

9990013

High Performance 15 inch woofer with low power compression

Document Number

Model # | 2216Nd | Part#| 320-0045-001
\ A
\ S
= g
N\
\\
- \ | )
o \
| -
m — S T I E— — T | 0 =1 §
- g
> 55 Wm s
Q : g
o |
= ! YHH
m ! i}
S |
(b g
Q) / -
E I/
./77 ‘8_
i 1 | E_" :
) depy

Page 12




Engineering Design

Date

Document Number

Specification

8/12/2011

9990013

High Performance 15 inch woofer with low power compression

Model # |

2216Nd

| Part#]

320-0045-001 |

B NA

Foree factor Bl (X)
e 1

= frwsn |

Stiffness of suapension Kmsa (X}
§oc

10
Cail i

021 18)

e g T

b (<)

i i i
o e[+]
M. Jrmm] col oan

Electrical inductance Le {X)
(00T 1

Incresss of voics ool tempersturs Deits Ty (8 snd stectricsl input possss &

{00:2118)

e e
Mok = ¥ = Xpro p- = B = X O T P real P Fie P aen
A e
I LiEE el
[+ X + 1+ 1 4 i T
|
.
o = =
E ) =
5 o ? 1
.
a
sl
\ + i
1o o 10 o m0 500 7HO 1000 1260
Cofin = o] out o o
Woice coil displacemeant Total losa factor Qta (x)
[Re =R LR e}] [es sBe R 1. 1]
— — — — ==
LT mac T ————— — Wpent = X < S
N T & miEs (leaer] = AG - I
L
15
] 20
i 1
g o p
1.0
=
+ . + . + + . + + | 0.0 I i I ) )
o 00 300 S0 400 2SO0 0 BOO0  TO0 MO0 SO0 1000 o 0o
! Mjpmmj = coa cam

Page 13




Fgnes esn || Fet 1 Dot
I R

High Perfmanc 6 nch woofrwilh o poercompresson

| i T

Increase of voice coil temperature Delta Tv (t) and electrical input power P (t)

(00:31:46)
100 . DetaTv P real PRe o
E J | uppelpf %
90 - J i
E ”‘/\ J\ ‘ il F- s0
E NI i
80 -+ 4 =
: FIAN i i+
70 L ﬁ H
60 F : |
E ’ I
£ 50+ !
2 £ ] [
§ o f—
30 § ~ —
2 f <
o [ 2 \
10 ; !),(/ i .
P S S H
Ery i
ot b b b b b L bl o
0 250 500 750 1000 1250 1500 1750
" tlesc] -
St Lage+om | Love+ o | ol S k| Conmt
Detaly=TvTa 15 0 1 K oesecfvoe ol teperte A e messaenent
ot 9% 95 17 mainavice o escwsin inkedby potecin syten)
RefTy) 5% S0 SO Ctm(mpoted) oicecolesitane oot ease o e colenpertee Ty
lefi=) 041 08 0% o vorecolndtace therestposfionof thevoe ol
L0) 0 0 00w pawnddaed teretpstindietote efec o eddy et
Ri=) 280 Ll W On st atterest pstondeto ey corents
(i) 6 & W F it ereatgnomnss
(i) 6 6 65 o dahiandtce herest posinrepeesetig divercnplace
Rsf) 3 B 4B On restaea teretpstiondieomeica ses
(T - MY e s
M) 08 M 08 s Oty costng e 1)ty
w03 1 08 ttd Qv e ) s
fs kil WOB K dieremaehpey
v [T W temalstavect e rncalto et ste
R ug o 1MW themdlresae of naee e antient
(] B Bm I themdcapatace o v o ety smondngs
It 5 108 Wslin themaresstace dieto cometion

B food bl

s 1590 1% 150 g |

ROl 758 TS TS0 ok et tadie e
() 00 00 U4 m nedencd onplavecfdie asensin g eret et
B0 B BY Y NA (nooted forceftwat et i i)

Vs IR UBATT MR | vkt vohme of apensin

(i 147 1% 18 % refmenceficeny (P adion g he)

n ] W U8 destcomdpesuel

5 WL WL WL w dghepan

Hode Thermal Modz 6(7)

Record L)

Lser sipdreebe

t 0:31:46 heinis - measurement time

Bt 40 % emor curent measrenent

Ex(t) 34 % emorlaser measurement

Eult) 132 % emoramgifier ceck

DekaTv(DetaTim) 152(1000) K icreaseof voce ol temperahure (ink)

i (Bi) 650 % miima force actorratio(nk)

Crin (Cim) 590(200) % minimal complance ratio i)

P {Pim) 3159(5000) W realelctrica nput pover (int)

Lni 83 % mininal nductance rato

fn %8 W ol cctcal rput pover

PRe a1 W Power heating voice ol

Pan 881 W deducted power due to convecton colng

Grge(Gmax)  165(26.0) &  ganoftheextaion

Hech, system s, importused to dentfy mechanicalsystem i absolte quantes
i3 ol mm e componenk of update interval
Ypesk 89 o

Hhottom 5 m wpdaentervdl
o+ 63 - uppe limkof dplcement range (99% prbaity)

- 4l mm lower imk of dsplacement range (39% probabity)

Yorok 95 nm maxinal voice col excursion alowed by protection system

vms 04t s voicecol velodty

Ims 2205 A msvaueof the dlectricalinput curent.

Ums 16489 ¥ msvaue of the clecrical vokage a the ransducer teminds
Tpesk 53 A peskvalueof he elctrical rput current

Upesk 5357 ¥ peakvalue of the elctrical vokage at the ransducertemings
PC 050 & themal power congression fatee

b A3 % distorton Factors representing contribution of nonlinear force factor
0l 12 % dstortionactor representng contrbution of ezt nductance:
D 16 % distorton Factorrepresenting contrbution of nonlinear compliance
Ric(y) 1n L

Rthtotd 0% W Dekalv[PRe

Pt




