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Engineering Design 
Specification 

Date Rev# Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Model Number: |2?16Nd | 

Part Number: |320-0045-001 j 

Division: | J B L (Harman Japan) | 

Where Used: | J B L S4700 System 

Approved Suppliers) | J B L Pro Manufacturing - HAdM (Mexico) 

Design Engineer: |Jmoro | 

Assembled View: 



E n g i n e e r i n g D e s i g n 

S p e c i f i c a t i o n 

D a t e R e v # D o c u m e n t N u m b e r E n g i n e e r i n g D e s i g n 

S p e c i f i c a t i o n 8 / 1 2 / 2 0 1 1 A 9 9 9 0 0 1 3 

High Performance 15 inch woofer with low power compression 

Section View 

M o d e l # | 2216Nd I P a r t # I 320-0045-001 
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Engineering Design 
Specification 

3a:c Rev « Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Document Revision History 

Revtt Date Desc r ip t i on of C h a n g e E C O # A p p o v a l Revtt Date Desc r ip t i on of C h a n g e E C O # 
IV).E. T . E . 

X1 0/5/201 • n/a J M 

X? 5/5/2011 Update spec n/a JM 
X3 S/1 7/2011 Updated various i tems ! i/a J M 
X4 //2B/2011 L po.r.co L I s H:.:v.[ I c\ - notes n/a J M 
A 8/12/2011 R e l e a s e to production 5557 n/a J M 
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Engineering Design 
Specification 

Date Rev :i _:..: •;; : [. . ; r l> j ' Engineering Design 
Specification 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Transducer Mechanical Characteristics 

Model # 2216Nd 1 Part # I 320-0045-001 

Assembly 
Mounting Diameter 13 78 Inches Mounting Depth 7 ?B Irenes 

F lange Diameter 15 23 inch - 5 deg draft | F lange Depth 0 500 inches 

Mounting Detail .=•. • r-r -hM r l l - ' C I Overal l Depth 3 325 inches 

Other: 1 Rubber (rent yaskct s s OJI^KJC ticire liar jc ne'eas g Diameter to 15.576 inches 

Frame 
Type : | Thin wall Cast Aluminum Material: -,P0 Ai:-m-i.r-, - lov 

Color:! Black • F in ish: S itjh'. tcxtuc ^o.vutr Coal ;i! | 

Other: 1 

Diaphragm 
Type : | Curve-Linear cone Matenal: '.: • | 

Color:! Black • F in ish: Ribbud cor-.ii -_-':i: '.- • yiccln back | 

O t h e r ! 

Surround 
Type : | 3 fell accodian edge - semi cup Matenal: " 1 • • 1 .i ' | 

Color:! 3Uck • F in ish: 

Other | 

Spider 
Type : | i 6'Oil ac.:=.di.-i - •,.-» cup Matenal: ''Jcrc.T. 'ibir- iA-d-ii u .ui-n 

Weave : | I.VS046/1W11 Color: Natural (Yellow) 

Other | Deflection = 0 28 inches ® 50 grams 

Front Gasket 
Material | NBR rubber tnm ring • Color: Black 

Rear Gasket 
Material: n;a " J Color 1 

Voice Coil 
D 1 3 inch - dual coll Max. O.D. : 3120 Inches 

Wire Type : ::;:.-; ALir •,_•„ H coon tdgc .vou nd | Wire S i z e : U OiS , 0 C119e9 ncn I'tan-i 

Wire Turns : S4 each coil | W i r e D . C . R . : a 00 Cnms seres connected total: | 

Winding Width rt | W n d i n q layers 1 layer 

Former | i | Wrapper: Hiqh-TempS 13n-r, 'ICC - 2 layers | 

O t h e r ! Coils n'.-.-ir yl , ;o-irccleJ n Sei „ Melioration • . (!• i :•: i-cf da 

Magnet 
Material | Neodyn- n-i 33M50F SH r » * Th ickness : 3 35C i n " 

O.D :| 2 jlOirch • I D , :j ;Ci nc-

O t h e r ! Finish Zinc =it-d!^i|:'k- - i : - tk-clic / L-Ull-y jpi- it-c - J C , JU n: 

Page 4 



Engineering Design 
Specification 

Date Wcv il Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Transducer Mechanical Characteristics (Motor) 
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Model # | 2216Nd | Part # | 320 0045.001 

Pole Plate(s) 
Material Cdd roiled Seel ( <0 15% carbon) | T h i C k n e s s J 0 300 inch 

O D 2930 Inch i 1 D. | 0 f.10 n-h i*o- rive:) 

Other F n 7 n : rciti — 

Pole-Mag-Pole Asy. Burger) 
O D n/a i Copper Cap : | n/a 

Vent n/a 

Other 

Gap Sleeve 
Material cdn-o I.-.- . - . - - I . : " • • : . ca-r.on: | T h i c k n e s s | 1 300 inch (Heighti 

O D 3 ?8S inches ipressareal 1 I.D.:| 3.180 inches 

Other '- r-ll* la . " .'1 ellJ- L.I 1 rV. 'Wl.lj'.-i. 1 p-' 

Bucking Magnet 
Material n/a i Th ickness : ! n/a 

O.D 1 I . D , | n/a 

Other 

Shielding Can 
Material n/a i Th ickness : ! n/a 

Other 

Misc 
Terminal S i z e / Type : Hastic Pushbutton (high pressure) J Polari ty;! E . IA 

S F G Configuration Differential Drive configuration with dual opposing mag netic gaps 

F lux Stabil izing Ring n/a 

T inse l Lead T y p e Silicon "ml.-; 1 :v:; ,• i.-dn: dene 

T inse l L e a d Attach. L"rimrec .-i: ~e-mhal nrr: -miptin/scldpied at voi ecod 

Other Special voce col wire is used with low TCR value to reduce increase of DCR as cailempirses 



Engineering Design 
Specification 

Date Rev n Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Method 

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

' SPL or SSdB measured at Mln Impedance (200 - 300 Hz) 
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Fundamental Resonant Frequency (Hz) : r s 36 +/- ion | 

Transducer Direct Current Res i s t ance (Ohms) ~CR I * I +/- •• 1 

Total Driver Q at F s , Cons idehng al l driver Res is tance Q t s | 044 | +/- 5% | 

Moving M a s s (g): Mms I '35 | +/- 5% | 

Motor Strength (T*m) : Li I 18-9 I +/- 5% | 

Voltage Sensi trv i ty(2.83V@1 meter) S P L I 95" | +/- IdB | 

Radiat ion Area S d | 5:l7 92:ir: | 

Notes 

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

Transducer Electro-Mechanical Parameters 

Magnetic Flux Information (For Engineering Reference Only) 

Model # Part # I 

Total flux lines intercepted by coil windings [Maxwell Turns]: | 29i.500teacncoii) 

Conversion to flux density [Tesla] | o.sa? ieach con 

Flux l ines throughout gap th ickness [Maxwell Turns ] : r i73.000(eacfi gap) 

Convers ion to flux density [Tesla] | 0934 [each gapj 

Softwa re: | WLSSA 

Mass Load ing^ 200 grams ~ 

Misc | 



Engineering Design 
Specification 

Z a:e R e v s Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Transducer Test Specifications 
production testing quantities per HCG OA AOL 

Polarity Test 

Dynamic Test 
Sine Sweep Voltage -7 

Frequency Range: 20 Hz - 500 Hz 
Sweep Duration 6 seconds 

Power Test 

Signal Pr> r J - •_- •..•V--., ••dP •:->.-?t h;-:lo- • 
w 1 ,jN'CV• • H? -o.ir:-.i:";..-i.if.-.v:oni : -r . • :r-:i-.i:;';on .-*"=- =.-•.— ri 

/mpedance 
D C Res/stance 5 onms  

Min. Impedance @ Frequency \ t a or-n.s u- 240 ~ 

Frequency Response 
Freq. Response: 
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Model # jgjWjd P a r t # 320-0045-001 

Polarity | - a : - -,: -• - • -~| 

IMixfow Averaginq S/ope 
en ai": •'„ •:- • ? dp. 1/6 Octave 36 dB/Octave 

403 - 905 Hz •/- 1.0 OB 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 
1/7, Octave 36 dB/Octave 
1/3 Octave 36 dB/Octave 
1/c. Octave 36 dB/Octave 
1/3 Octave 36 CP / Octave 

Units will pass 48 Vrms al 50Hts and even higher voHages (or much shorter duration. 

2nd Harmonic Distortion level to be about */- 5dB from 2nd Harmonic of authorized Line / OA Production Standarc 
This is to monitor LOW voice cods in Ihe Magnetic gap 



Engineering Standard 
Measured Parameters 

Date Rev# Document Number Engineering Standard 
Measured Parameters 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Model # | 2 2 i 6 N d | Part # | 320-0045-001 

<•!•*.lm32W£! 
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Engineering Standard 
Frequency Response 

Date Revfl J i . X .K f l t - ' l ! [•, .llfi:. '..'I Engineering Standard 
Frequency Response 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Model # | 2216N(i | Part#| I 320 U045-O01 | 
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Engineering Standard 
Distortion (Low Level) 

Date R e v f l J o e .irne'it f'. .iifi:. Engineering Standard 
Distortion (Low Level) 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Model # | 2216M11 | Part#| I 320-0(146-001 | 
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Engineering Standard 
Distortion (High Level) 

Date J o e .irne'il f'. .iifi:.-.m Engineering Standard 
Distortion (High Level) 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Model # | 2216Hd | Part # | 320-Urj45-U01 
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Engineering Standard 
Impedance 

Date Rev# Document Number Engineering Standard 
Impedance 8/12/2011 A 9990013 

High Performance 15 inch woofer with low power compression 

Model # | 2216Nd Part# 320-0045-001 
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Engineering Design 
Specification 

Date Rev# Document Number Engineering Design 
Specification 8/12/2011 A 9990013 
High Performance 15 inch woofer with low power compression 

Model # | 2216NA P a r t * 320-O045.001 | 

Page 13 



Increase of voice coil temperature Delta Tv (t) and electrical input power P (t) 
(00:31:46) 

Engineerng Desgn 
Specfcation 

Date M Documen Number Engineerng Desgn 
Specfcation ran A 9113 

Model f P a r t f EM 

5 -to 1*0' +GDU|analSgnal Unit ^ Cornrnent 
DefcaTv=Ma 15 0 • : - haease of voice col tefnperabjre during the measurement 
fynt 9,5 95 1,7 .... H I voce col excursion ( W i r y pcrMmsystaii) 

Re(Iv) 5,58 5,27 5,27 (irnported) voice coil resistance considering hcrease of voice coi ternperature Tv 
le(X=0) 0,61 0,61 0,53 voice coi inductance at the rest posbon of the voice col 
12(„=C) 0,32 0,32 

iU\ 
0,30 nH f ; ' . - r : . : : . - ; . . : : teuton cue to M e e t o:efld currerc 

ipoct-n'" «f **t- i»"f vohT i in is h"i ftiiTi nifiw-k 

Cmes(X=0) 456 456 432 
villi OHdl HC dl U 1 . iCH |UUII UUC IU CUUj UIiBu 

elecbxd capadarKe representing moving mass 
lces(X=0) 58,63 58,6 45,15 rrH epica l hduxtance at the rest posiUon representing driver conftance 
ResOM) 39,72 397 41,75 Gho rê tarKe at the rest position due to mechanical losses 

Qms(X=0Jv 3,50 3,50 4,08 mechancd Q-fartor coreidetrig Rms only 
Qes(Tv) 
fMfcfl Tvl 

0,43 
0% 

0,41 
n 17 

0,48 
n n 

eledrical Q-factor considering Re (Tv) only 
h'fil iViffff 'iTiC'dftfiT •it' ' i'l iCiii D T < T J V 

fs 
U , J 7 

30,8 
U J 

30,8 36,0 -: 
LUUIy^lflLlU I U I I M H I I I J T C ( J ^ U I U F J I O L U | 

G^resonarcelrcquency 

Rtv 0,695 :,« 5 therma/ reastcnce of path from col to magnet stnxtire 
Rtm 0,148 tjw thermal resistance of magwt structure to ambiert ar 
Qv 83,081 83,0! 1 1 thetjfrf capacitance of voice coi ar»d nearby airouvfrî  

•: 1,4265 : ; : 5 Ws/Krr thermal resistance due to convection 

Hit 135,900 135,900 135,930 9 (imported) mechanic-ty mass of diver daphragm asŝ nbly inckiding voice-col and ar ioad 
7,508 "s : 7,533 tys necbaniccl resistance of totaWriver losses 

Cms(X=0) 0,20 0,20 0,14 mm/N mecharocal ccmpiance of driver suspension at tte rest posbon 
HON) 18,39 1 0 18,39 (imported) force factor at tte rest position (81 product) 
to 228,4737 228, 737 165,8286 1 eqwafent ar volume of suspension 
',: 
.-

1,473 
93,8 

1 1 
94: 

1,560 
94,1 

% reference efftciency (2Pi-5r radation using Re) 
characteristic sound pressure W 

ic 907.92 907, e 907,92 cm1 

;v;b:l Vslue Lnit 1 Comment 
!lo:e Thermal Mode 6(7) 
Record 484/484 
Laser signal reliable 
t 00:31:46 h:mn:s measurement time 

Bfl 4.0 % error current measurement 
3.4 % error laser measurement 

m) 13,2 % error amplifier check 

Delta Tv (Deb Tkn) 15,2(100.0) K hcrease of voice col temperature (kit) 
Bln>n (Bllim) 54.6(25.0) minimal force factor rabo (kit) 
Cnti (Clim) 59.0(20.0) % minimal compliance ratio (limit) 
PQfii) 31.59(50.00) w red electrical input power (kit) 
Lmin 83.3 minimal inductance ratio 
Pn 46.88 w nominal electrical hput power 
PRe 27.15 w Power heabng voice coi 
Peon 8.81 w deducted power due to convection cooling 
Glarge(Gmax) 16.5(26.0) :3 gain of the excitation ampitude increased in the large signal domain (maximum) 

Hech. system abs. import used to identfy mechanical system in absolute quantities 

Xdc 0.1 mm dc component of voice coil excursion measured in the last update interval 
Xpeak 8.9 mm positive peak value of voice coil excursion measured h the last update interval 
Mom •7.5 mm negative peak value (bottom) of voice coi excursion measured in the last update interval 

6.3 mm upper limit of emplacement range (99% probab*ty) 
Xp- -6.1 mm lower krt of displacement range (99% probabity) 
Xprot 9.5 mm maximal voice col excursion allowed by protection system 
vrms 0.41 m/s voice coi velocity 
Irrns 2.205 A rms value cr" the electrical hput current 
Urms 16.489 V rms value of the electrical vctage at the transducer terminals 
Ipeak 7.523 A peak value of the electrical input current 
Upeak 53.967 V peak value of the electrical voltage at the transducer terminals 
K 0.50 cE: thermal power compression factor 

Db 21.3 % distortion factors representing contribution of nonlinear force factor 
Dl 1.2 % distortion factor representing contribution of nonkiear inductance 
Dc 11.6 distortion factor representing contribution of nonlinear compliance 

Rtc(v) 1.73 K/W 
Rthtotal 0.56 K/W DefcaTv/PRe 
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