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Aerodynamic Analysis of Different Types of Singing .Voices
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Dong-Woo Noh - Bo-Myung Hwang - Euna Paik - Ok-Ran Jeong

ABSTRACT

Sound pressure level, subglottic air pressure, vital capacity, adduction/abduction rate,
and phonatory efficiency were measured in 19 opera singers, 17 Korean traditional
"Pansori” singers, and 20 non-singers; subjects’ mean age was 25.9(SD=7.2) and the
singers had been singing professionally for 5-10 years. One-way ANOVA and Scheffé
post-hoc analysis were used to analyze aerodynamic data and to identify significant
differences among groups. Sound pressure level, peak subglottic air pressure, and
phonatory efficiency were found to be significantly different among three groups of the
subjects. Differences in aerodynamic properties were discussed for their significance in
diagnosis and treatment of voice disorders in professional singers.
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e AR A4EE A 2 Aotk wElx SA4d tig B 2 A4 HohY A8
gt #Aol AFAHLR Frkstn itk 4 H7HE ety olFoiAe ARAHQ FAE F
dEt &4 A2 = 7Hpsycho-acoustic evaluation of voice), &3&4 33 A AHacoustic
analysis), 371984 7 AHaerodynamic study), 52 2% @2 (examination of vocal fold
vibration), 28]l2 ZA7A 9 7]% A AHelectromyographic study of laryngeal muscles) S ¢]
o8 HAl W) o483 ¢ tHHirano, 1981). ©] & F719%3 AAls LHNZE A3}
o AdA FF9 58] i FRE AFTsed F8F FA ol vl 2=
ojs} ZE 7] A8 AALE Fatd dNkd # Ad HEE ML e B, AEHA &
d AHEAE dE AFEe] A&AoR o]FojA1 gt}
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A, SFFEAN 2 QY 2 AT Aolrt Y A& Lohrh
EA, YRAAA 4 P& T #AF Aol A& AT Sohinh

AR, ABFAA 24 AW 2 fF Aol7t g AE Yohiinh

AR, A - SR Mgl N F P R K98 Rel7t dE A dobReh
S, BAEEOIN, 2 AT T 4 E Aolrk Ak A olke,

2. )| &3 WA

7198 HAE F3ld &4 715 8
Al g HAMe w3 75E #Hrske A A A EAle A9 29 9%6~130
mli/sec A2 BuEn QiR E3, 1994; 7718, 1982; Yoshiocka §, 1977). dA4H o2 tf
70 200 ml/sec ©1/¢olAvt 40 ml/sec 03} A5 v B Aoz A4t FFE7F/E
S 2FFA A= DHT #Ro] gloy FAL FL& BHE FA RS 7H (falsetto)ll
A A THAED 3, 1999).

AEBYE HALAA 5~10 cmH0 BEE Aoz AZEn g9 ZEet w3t
RNog g AP A3, 1994). A, J B39t oL SR VAL &8
el M £ AFEe 2 E&(vocal efficiency)o]tHMoon, 1996). WA A AEFZE
HE F3f 22oE 3719 F71984 ¥(aerodynamic power)S 413384 ¥ (acoustic
powen) 22 WHAA A AAsed, 4719 Aol et BH g&e SAHSIEH §
# 71983 g Alelef ®l2 &AFAHJin F, 1996).

A AdHoz A4S FAESe A e SAEH vlm E4dAM 14w
(1997)2 =4}, oz wgg, na ¢ 3} 5& gidez st & AEe 7|2 AE
Hol, jitter7t BAIHoZ2 fosivtn #ilor, AYFHLR SAHE Bol AMEde AlEEC
AAru $43F 2748 vdehlE €Vt o 891 gych

e AEgdy MESY Ato]ld Aolg Folrr] ke F7|#(1997) T2 IE
ot 288 2 Ao AeFEE 78 AR JheEel £F H BHY J'Jrﬁ}‘?l' 1%

% "7 F&(mean airflow rate)e &%
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2 Aol 228 A5l ola) 4ol Wyo] UYL Ho) AE AT GRE wRHes
vl fckn st | |

Herelst Aurele 4oz F7IGSAE HAE ANY AF(AAY, 1998b)HE Aot
9l gAe] Yol dAuT BEMSY EE 3 9 257 /AT ool AoA
£ AuD golzt sty FAAE UYL £Zehet BE AN o et
o dzaZehes g& 2ddAT 2 2o deidth T@ 57180M B4 Hotdle o
BARG 57)¢ WHBo| An F718E /AU G4 AL 57)&0] YNANTG F
duistAl Frhstact. TG E7Ie] BAAE G4 94 BF SANCE R Aol
b 9tk S oleld AT A Fael $¢e $HHo2E YRS datel =
e RO WA YAT HEEY oJE AU, eI, SFRFRE ol
JHNE P2 Btk 53 JohRdel 229 3, AU FU2 24 W 3 37
58 288 At YA SF2EC) A YESAS TS wnA A

B

94 5(1999)2 F57t a3aA = 547 o) 4ek(pyriform sinus)7t WolAA A
=9 FPWay} Jehdy] wfe] gohs e f £59 o] Fasivtn AzaAc

mebA 59 At AR #AHE A2y £5 AFS stsid, Aot AEAe} |
HEAAAA 2 2ol & ¥ Auie2e] Aot HAde zte Fo4E Fdodsdtna gt of
A3 BHog HoAFgatel vlAFTaAEe] HIFAZ(suprahyoid muscle), 4F3tZ(infrahyoid
muscle), 234 S (omohyoid muscle)d] €% WY& BAsgch 97 245, Hote 35
AR ES AU 249 AZo] FrkEle A4S Y, 1S ¥ "ol dIHA A
BT vgte dgatae] THS AFo] FUlEkE AR veRt. F AAES 18-S
d oo 357 ER dIES ALE E W 357 dAEnn YElth

Taee FAuge] i H@7] T2 7ol BEH, @i shge] A Ede
g AR A W A o] B AE F9Ut v eg A wg Al A
FZol GASA AMAHA Gol HE A]2 §A AUASL Alo] YeER BE Fd o]
7184 &A(breathy voice)& HoF 1 vl Aule &9 wle wel 489 el o}
7be] RS v, 2EEe] AE o= SHAME AR EdEA ANSHA &7] A&
o &4 7144 & AL 71448 $& WA deele B R Ad 1S FolA
€t

3. 47 ¥y
31 47 w2

2 ATE FFUS Aot &4 FAL 9 F 56 92 1 oz AAsach £
AT BYAEY Aed B4 E 19 g
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E 1 d7d8A 54

7t 73 N BadAR G
wag '@ 79, 9 103 3264} (SD=17.9) 150(SD=10.2)
47t g 104, o 9% 20.34] (SD=%15) 4.24(SD=11.6)
ankel g 108, <t 103 2574 (SD=¢4.6)

32 474

£ A7 37198ty HALE 995t Aerophone H(KAY AHE o] 438t &¢4F(sound
pressure level), A& & H(subglottal pressure), ¥¥F(vital capacity), A W - A&
(adduction/abduction rate), &4 & € (phonatory efficiency) 58 A&ttt Zze] dlojele
37 4HY vl2322 39 S A3 €E F URF dZo] YHFAF 2 7pF HAR AA
€ #HsA std SFAH.

¢ FEL A8 A5t /o/F @5y eg AA 3 3 WA Fm, HEEtS
k23 o] A7 10 cm ZHFe) HEE€ FEE 2T F YA EC] &3 @ F v
23§ 39 Joll DHAZ AEHA &2 FEE /MHA F A2 Jipipi/E 2A8HA 8t
o ZA3ch ol AAHE 33 WEdY 2 FAFE AYIad

HEFE FA87] st o {71 F al2a g FL43 YA Hgz 38s
£ 3ok A W - 9 veg FA8Y] A%t |7 F 4 o AdelA /bmbmbm/
& A&t YA RS FUNIES, 2001).

33 A3 A3

7t f84 $49 IUI9EH 49 7 SAXNE 1Y FAH 4L DA 98
o dPEAEMG AREIH oY, Z2AHAE 9] FAF Aol7t Vel A$ AF HA HX
24 U I 2t {9 A7l velde XE Dol 3ty dY A (One~way
ANOVA; Scheffé HA)S A4t

4. 45 4 2

4.1 &4 % (sound pressure level; SPL)

Aadz Sardy FTAe AWy, iy AW 73.38dB(N=17, SD=4.09), A7}
Ad-E 7498dB(N=19, SD=4.69), 4l A& 69.60dB(N=20, SD=6.65)2 }E}}LY.

H, FdeFol A el FAAIE e NE dolEy] it dYEARKE A
Az A 749 F% Aolzk YEPGTHE 2). 37 ojwd Aw 2t {7 zel7t e
A& Yol r] 918t} Scheffé AAS HAe A7, oot Azt gkl I o) K98
atel7h Qe Aoz vebdthp< 01). AR B2 Jdd ot Ja B 2 B4y 3
o3 guiel A Bele 7ol ¥ Ze)st VeptA] gt
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E 2 Jdd SUsFy d9BAENdn
L SS df MS F
A 3 298.375 2 149.188 .008**
Ad U 1502.170 53 28.343 '
3 A 1800.545 55
** p< 01

42 A &3t (subglottal air pressure)

421 HdlF7)%(peak air pressure)

Az HAAF7|Yge Fdgs 4R, #4438 JFE 935 emH0(N=17, SD=.78), 4
b7 Fe& 945 emH20(N=19, SD=.71), ¥u¢! &L 1460 cmHO(N=20, SD=386)2 1}
Ebsttt,

g9, HF7%e] A e KA Aolrt YElR(R 3), I Je Tl Bi
A gl Fa 7H F9% Zol7k e R JEgen(p< 001, A7 e o
B A E Fog ztolr}t gl A2 YEMRTHpS 001). 23y, i JAgd Jo
b A Tl Fos Zolzk e @skth

® 3 Add AUF7I¢e] LB NENEF

=4 SS df MS F
e 2 348,078 2 174.039 30.563***
He W 301.806 53 5.694
& A 649.884 55
ap< 001

422 B3 71%(mean air pressure)

Fddz JFF7Ye] FEge AuRE, B4y &S 430 emH0(N=17, SD=1.12),
A7t Fa2 368 cmH0(N=19, SD=1.12), 4%l AL 416 cmH0(N=20, SD=2.05)2
21537 =3

A, T 3780l A e KA Aol vEhA] &gt

Slavit(1991)&, 4= F7HEFE AdodAe S48 g0 Fade A& ¢Hsn
A7 24 UeTE SHEEL oA ATl I SR FrtEvn
B v Qo Gray §(1988)2 AtgolMe SA4AE&L B9 493 AVELTAY

ZWo] g7 neisie] F4Fojof Frkm FFsu Yok

487 BEODE o}F Bae At B8 R BHA FNGYHY SHoz Yoo o
H7h 2R 14948 &2 ol AU AL PAKYG. AL 1Y A (strangled
voice)® W7] Igte] Bxo] 2E W Fol F7hE Frlel YPo2 HEL AEA NI
% 8¢ FE o, BLUY ATANZ A5l BAHE 1BV 7144 Seln Utk
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4.3 #H &8 (vital capacity)

Adz HEFe BEe ¥R, Bay JDL 263 I(N=17, SD=1.19), 47t 3
@& 320 KN=19, SD=1.99), 48t A& 264 (N=20, SD=154)2 e}%kch

g, HEFS JD Bl KA Aol vErA gttt oleld AdE ExE 5(2001)
o] AAIE AFAe X ed, FHAY AYrte SFEFHLZ Q3o v gring
#7550l FIHAUE Aoz 7HAsH oY, dAZ Hrs AAe vAdedstet @ Aolrt o
Aot At 2d, A RV AN F IS T #7F &Aolvt QSR £
Fata, ARSI, GE7FE, BEAFAA e A5 Yrte) 352E%Y0)
ulgdetrtel vlsl ¢ditte AE & AN F, AYUtY sFFEHE 2L
A WAool Hle] 35S FASL 2 SHol o Holut: AL HAFT o).

44 349 - &JA ¥} &(adduction/abduction rate)

Az Ad Wl - 94 uge HFZe AHEE w2y P9 554 cps(N=16, SD=
2.23), 47k WYL 633 cps(N=18, SD=262), Yl PAL 547 cps(N=20, SD=295)2 1
Elgdt) &3, A - 9 9l &e A b fold Aol velhdx] gt

45 %’ & &(phonatory efficiency)
Az B E & JEHS A4HEH, B2 JDL 1564 ppm(N=17, SD=13.13), 4 <
7F A2 2293 ppm(N=17, SD=19.99), ¥+l A& 4.85 ppm(N=20, SD=348)2 ‘telytt.
T, SRS Y ol FAT Aol7t BB I(E 4), 4 A ele Aoprt I
I A9 Hd el {FoF Aol7t UE Aoz YERTHp< 0D. AR, wag D
Hdot7t A 7 2 wae A9 9w e ol Fo§ Aozt deA ¥t
o2

A e Aokl YIRS PV AN FF Ao,
Ao gel 9m 4Pl FHk e Ao, U PEw e ok, 9w F¢ oy

o2 AEHA HAARY SHEE] WA FAHAET oA
of W& W G AN4Y 2ANT FHEE0] ¥V WEol F Youse Yudez
pressed voice7t oP L AEEGE FLAIIRA Bo] W& FA 2§32 AA2UA TR
£ 2292 mAtES EAG0] 7] A QUATA VS 28 SHELO) BT

ol J& Aoz vgyta £ 4 3tk e F2F ZESIE FAAIEA “flow
phonation”ll &j3te] efiatA H22 dof o] JHzE B
P ST A

E 4 A 2R uuEyE

4k SS df MS F
A 3076.588 2 1538.294 8.362*%*
A W 9381.862 51 1871.187

g A 12458.450 53

**p< 01
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5.2 &
e §38 49 I8N EAE B ol AEL T 2o .
AR, SUFTIAN, 4ot un duel Ww ol §98 Aolsh g Aoz ey
tHp< .01). - |
A, A Eatgte] AU B71Gol A, Baa] Aud dwel A 2 2 gobrt Ao g
A HgolA Azt FF Aozt Je Rez2 YERTHp< 001). ,
AR, BdE &AM, g7t Atz gukal JG oA FoAg zte]7t 9l
Wk (p< 01). '
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82 Yold gelrlolu WEAoz 2428 AgsE AZe) e A7E 189 B
2 =3o] B BN B oby 2RAQ v e 189 34 ARe| ¥E A7E
& oy Rast BAY T AobEe WA AAY &4 glol 189 4T Pue BA
& dsor B, e WA TFUL AUl HBE oFe By Fél YT 4T
mei7 ol RolAok AL EE JAES 2Fo) HESHUS W] Ao WEol AS
AE BTFHL SHHA A AN B ol $AE AAHE AAY BY FE Yoo
2 olE9 &4 BAOA FBH Yrht $YUH, T TGS Wrisk o] 2ER

BazEg ge FAE A Ho AW WS s Aol BFHA,

Fa1EQ
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