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PREFACE 

This volume, the fourth and final part of a series giving data for design against acoustic 
fatigue, has been prepared in order fo draw together the results of research in acoustic fatigue 
and to present them in a form directly useable in aerospace design. 

The AGARD Structures and Materials Panel has for many years been active in 
encouraging and coordinating the work that has been necessary to make this collection 
of design data possible and after agreeing on procedures for the acquisition, analysis and 
interpretation of the requisite data, work on this series of design data sheets was initiated 

in 1970. 

The overall management of the project has been conducted by the Working Group 
on Acoustic Fatigue of the AGARD Structures and Materia's Panel, and the project has 
been financed through a collective fund established by the Nations collaborating in the 
project, namely Canada, France, Germany, Italy, UK and US National Coordinators 
appointed by each country have provided the basic data, liaised with the sources of the 
data, and provided constructive comment on draft data sheets. These Coordinators are 
Dr G.M.Lindberg (Canada). Mr R.Loubet (France). Mr G.Bayerdörfer (Germany), 
Gen.A.Griselli (Italy), Mr N.A.Townsend (UK). Mr A.W.Kolb (US) and Mr F.F.RuJder 
(US). Staff of the Engineering Sciences Data Unit Ltd London, have analysed the basic 
data and prepared and edited the resultant data sheets with invaluable guidance and 
advice from the National Coordinators and from the Acoustic Fatigue Panel of the 
Royal Aeronautical Society which has the following constitution: Professor B L.CIarkson 
(Chairman), Mr D.C.G.Eaton, Mr J.A.Hay, Mr W T.Kirkby, Mr M.J.T.Smith and 
Mr N.A.Townsend. The members of staff of the Engineering Sciences Data Unit 
concerned with the preparation of the data sheets in this volume were: Mr A.G.R.Thomson 
(Executive, Environmental Projects), Mr R.F.Lambert (Environmental Projects Group) and 
Mrs A.R.Green (Environmental Projects Group). 

Data sheets based on this AGARDograph will subsequently be issued in the Fatigue 
Series of Engineering Sciences Data issued by ESDU Ltd, where additions and amend¬ 
ments will be made to maintain their current applicability. 

AH.Hall 
Chairman. 
Working Group on Acoustic Fatigue 
Structures and Materials Panel 
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Sactloa 1
MATimAL mqVEIICIES OF BOX STROCnUS

1.1 ■otattoB

l«B(th of loactr aldo of akla plata ■

lantth of ahortar alda of akla plata a

dapth of box a

Tcag'a Mdalaa p/,2

aataral fraqaoaey H,

froqoaacjr paraaacar ,/,

Boda nuabar la x*diractloo 
aoda noabar In y-dlraction 
aoda nuabar la t-dlraetloa
plata tblckaaaa ,

▼aloeltjr paraaatar for plata aatarlal*
ractancular ayataa of Cartaalan coordlnataa 
daflnad In Skatch (1)

dwalty of plata aatarlal k*/a* +

Polaaon'a ratio of plata aatarlal 
Sufflxaa

cover Plata In xjr- plana (a.g. akin)

Intamal plata In xa> plana (a.g. rib)

Internal plate In ya- plane (a.g. apar web or fraaw)

It la conventional. In aircraft engineering, to refer to plater of a box atrncture aa aklna. riba 
and apara aa above. Thla noaenclature la uaed In thla data aheet for convenience.

Both SI and Brltlah unite are quoted but any coherent ayataa of unite aay be need.

c

r

* The velocity paraaatar la defined In SI unlta by V - (E/^)'/50«0 or In Brltlah unite by
V • (E/p)^/200 000. It la approxlaately unity for all coaao'i atnictnral aatalllc aaterlala.

“rltlah unlta aa pounda per cubic Inch haa to be divided by 386.4 boforc 
being uaed to calculate paraaatara defined In thla Sectl«i. (A forca of 1 Ibf acting on a aaaa of 1 lb
producaa an acceleration of 386.4 In/a^.)
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1.2 Intr«d»ctl«B 

Nmy âlrcratt har« s trac tarn of bo* for» ln raglona of dyoaalc loadlng. Thia laadlag wy ka daa 

to Jat nolaa, bomdary layar nolaa, buffat or othar typaa of loading action. Tbl« data ahaat la 

primarily intandad for uaa with box atrncturaa axcltad by Jat nolaa but la applicable to othar typaa of 

dyn aale loading, 

gxnaplaa of box atructnraa ara typically found In Jat aircraft In fin and tallplana atrncturaa. In 

Jat aircraft, In tha uaual conflguratlona, thaaa atructuraa lia cloaa to tha Jat afflux, a raglon of 

intanaa acouatlc loading. Fin and tallplana atructuraa ara uaually built-up fro» palra of akin panala 

aaparatad by riba and apar waba. In tar»« of dyna»lc raaponee the riba and apara provide a naohanlcal 

coupling batwaan ippoelta akin platea. Practical » rueturaa have cut-outa In riba and apara which 

Incraaaa the coaplaxlty of tha analyala and thereby aaka exact aolutlon beyond tha acopa ef a data 

ahaat preaentatlon. However, a alaple Idaallaad atructura laada to a qualitativa undaratandlng of tha 

■ajar raaponaa characterlatlc*. 

In tha alaple analyala praaantad In thia Section, It la l»pllclt that tha vibration« of tha akin 

and Internal aupportlng atructura ara coupled. In practice It la unlikely that akin and Internal 

platea ara co^>letaly coupled In any »oda of vibration. Tha nature of the raaponaa la dependant on 

both tha nature of tha exciting nolaa field and atructural ralatlonahlpa. 

To aaaeaa ¡i« «ffactlranaaa of a nolaa aourca In exciting a particular »oda of vibration, tha 

exciting force ph aa ralatlonahlp over tha atructura mat be conaldered. Whan tha exciting force 

varita im a rando» »annar, aa doaa Jat nolaa, tha phaaa ralatlonahlpa will not ba conatant with tlae. 

In auch caaaa It la uaual to consider tha preaaura correlation which Indlcatea tha average phaaa 

ralatlonahlp batwaan preaaurea at two points over a period of tlm. Teat« on Jat aircraft structuras 

have shown that, within the fraquancy ranga of Interest for typical structura«, tha pressura 

correlation Is Ukaly to ba high and positiva (pressure In-phasa) over a nuabar of skin panels. This 

tanda to favour the vibration »odas where adjacent skin panais ara In-phaaa and thara la relatively 

little distortion of ribs (or spars), rather than tha nodes which occur whan skin and rib platas ara 

couplad so that adjacent skin panais ara out of phase and there Is considerable rib distortion. 

For akin and rib vibration« to ba coupled, such that tha platas vibrate together with one 

fraquancy and with comparable anplltudas, their stlffnasaea and nass distribution mat ba closely 

related. Representing a syum trie box, with equal top and botto» skin thickness, by a slnpla tvo- 

dlmnslonal baa» mdel suggests that whan tha individual akin and rib frequencies ara equal the box 

futidaaental mda is ona in which akin end rib plates vibrate together In a si»ply-supported type of 

■ode. This condition occurs when (d/b)(tc/tr)* is unity. In box structures where rib stiffness la 

greater than akin stiffness, the lowest frequency mda Is that In which Individus! skin platas vibrate 

In thalr fixed-edge awde. 

Coupled plate vibrations are leas likely to occur in box arrays with non-unifor»lti«s since they 

Induce a decoupling effect. Likely non-unifor»itles are unequal rib pitches or differences between 

stiffnesses of the top and botta» skin-stiffenar combination«. 

Xt Is evident fro» the preceding discussion that fully coupled skin and rib vibration »odea occur 

only In certain conditions of the noise field and structure geomtry. If, when estlmting frequencies 

of vibration as a firat «tap towards the calculation of fatigue life in an acoustic environnant, tha 

coupled node condition« are not satisfied it la better to consider the Individual elamnts (skin plates 

and rib plates) separately. Estlmtes of plate natural frequencies my be obtained fro» Part I, 

Sections 3 or 4 or Part II, Section 2 of this AGARDograph. 

1.3 Hotas 

This Section glvos the natural frequencies of box structures that are rectangular In section and 

Initially unstresaed. The data prasantod are based on the theory given In Derivation 1.3,4 where a 

Rayleigh analysis, which uses an asaumd sinusoidal mda shape. Is applied to a nine-cell box structure. 

The theoretical analysis allows for rotation at plat« Joints but tha Joint« ara fixed against trans¬ 

lation. All anglas at the Joints between skin and ribs, or spars, are aaaumd to remln at 

90° throughout the vibratory notion. Within the Units of the slnple analysis it Is impossible to 

apply the 90° Joint restraint to rlb-to-spar Joints (see Sketch (ll))j however, this Joint Is considered 

to be the least Important for tha frequency calculation. All exterior edgea of the nine-call box 

structure are assumd to be slnply-aupportad (sae Sketch (ill)). 
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TIm (radical praaaatatlaa af 4ata la raatr'cta4 ta tka loaaat aataral fraqaaacy (l.a. a > ■ ■ 4 > 1) 
far a baa wlthta aa array af Kaatlcal baaaa ha*la( a^aal appar aa4 lawar akla thlckaaaaaa. Tha 
4aflacta4 ahapa af tbla aada, tbraa«h tha eaatra af tha boa, la both tba aa-plaaa aa4 ya-plaaa la ahaaa 
la Skatch (Iv). Tha ea^atar pratrM, la Appaa41a lA, caa ba aao4 ta obtala fraqaoaclaa af bl(har aa4aa 
aa aall aa thaaa far baaaa la aa array haata« akla plataa af aay aapact ratio aad with aoy or all af tha 
plataa af dlffaroat thlckaaaa.

Tha 
ala m

laMat aataral fra^aoaey la lataadad far aaa la ealealatlai tha atraaa raapoaaa af baa atractara 
4ar tha actlaa af acaoatle laadlac. Thla fraqaaacy la glroa by

f - VK *c

7
la Plgaraa 1.1 - l.S, valaaa of K ara praaaatad aa earpata la taiM af tha plata paraaaUra b/a

aad b/d. Carpata ara glvaa for a raaga of ralaaa of t /t for oach of foar valaaa of t /t .
c r • C

la dorlvlag tba carvaa, tha valua of o aaa aaaoMd to ba 0.3. 
aeearata fraqooaclaa for all coaBoo atractural aatalllc aatariala. 
aiaibor of half aovaa la tha ralavaat plata dlractloe.

Thla valua glvaa aufflclaatly 
Tha aoda aiabor la takaa ta ba tha

Thla data ahaat provldoa a a*aaa of aaaaaalag tha affacta that chaagaa la gaoMtrlc parMatar hava 
aa fraqaoacyi hoaavar, tha pradletad fraqooaclaa caa ba oalv approalaata bacaoaa of tha aaauaptloaa 
aado la tka aaalyala. A caaparlaoa af aatlaatad aad aaaaarad fraqooaclaa la provided (aaa paragraph 1.4).

Thla Sactlaa aay ba aaod ta abtala a flrat appraxlaatlaa to tha aataral fraquoaclaa of boa atructaraa 
txvlag aklua with atlffaoara botwaaa tha riba, or fraaaa. la thla caaa aa aqolvalaat akla thlckaaaa 
thuold bo oaad. It la racaaaaadad that thla oqulvaloat akla thlckaaaa ahoold bo that oocaaaary to give 
tha aaaa froquoacy aa that of tha atlffoaad plata. Tha oqulvaloat akla thlckaaaa la dopoadout oa tha 
aoda of vlbratloa of tha atlffoaad plata. for a atlffoaad plata vlbratlag la a fuadaaoatal typo aodo, tha 
froquoacy aay bo obtalaod froa Part I, Soctloa 3 (coavoatiooally atlffaaad paaol) ar Part III, Soctloa 3 
(latagrally oachlaod paaol) of thla ACAKDogrophi tbao ualog Roforaaco 1.3.7 tha thlckaaaa of tho flat, 
uaatlffaaod paaol of tho aaao aapact ratio aod havlag tho atlffonod paaol oatural froquoacy caa bo 
obtalaod. Tho calculatloo aad uaa of offoctlva aklo thlckaaaa ta oatloatlag tho froquoacy far a baa with 
atlffaaad akla la ahowa la tho oxaaplo la Paragraph 1.6.2.

1.4 Coaeartaoa with Haaaurod Data

Plguro 1.4 ahowa a coaparlaoo of calculatod oatural fraquoactoa aad aaaaurod froquoactoa of 
roctaagular box atructuroa. All boxoa coaaldorod ara Idaallaod atructuroo, l.o. without cut>outa 01 
atlffaaora botwooa riba or apara. Soaa of thoao data aro froa atructuroa axcltad by raadoa acouatlc 
laadlag idioro tho aodoa of vlbratloa waro oot Idantlflad. la aach caoaa tho aoaaurad fraqaaacy af tba 
—»<—a root aaaa oquara atraia haa baoa cooparad with tba calculatod lowoat aataral froquoaev.

t
1
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Th« fmdaanul vlbraUry aoda of a plato la tha ood« aoat aanaltlvo to ade« «apport 
cMdltloaa* Ac tha daflactad ahapa oaad In tha analyala aaanaaa aloply-aupportad adgaa tha 
pradlctad fraqoancv for tha ( .,1) aoda la ganarally lowar than tha Maanrad valúa. 

U5 Darlvatlon and llaforanca 

Darlvatlon 

1.3.1 Clarkaan, B.L. 
Ford, R.D. 

1.3.2 Clarkaan, B.L. 

1.5.3 Barratt, C.W. 

1.5.4 Rnddar, F.F. 

1.3.3 Abrahaaaon, A.L. 

1.5.6 Clarka'm, B.L. 

Tha raapooaa of a typical aircraft atrnctnra te Jat nolaa. 
J.R. aaranant.Soc., Vol, 66, Ne,613, pp. 31-40, Jannary 1362, 

Tha dealgn of atrneturea to realat Jat nolaa fatigua. 
J.R, aeronaut.Soc., Vol. 66, Ne.622, pp. 603-616, October 1962. 

Fatigua and reaponae teatlng of riveted Jointe In panela anbjectad 
to vida band loading In the B.A.C, (Weybrldge) high Intenalty 
nolaa facility. Brltlah Aircraft Corporation Ltd, Acouatlca Lab. 
Rap. No.048 Part 2, Work under Mlnlatry of Technology 
Contract KS/1/0304/CB.43A2, Noveaber 1970. 

Acouatlc fatlgne of aircraft atructural coaqtonent aaaeabllea. 
Air Force Flight Dynanlca Lab., Ohio, tech.Rap. 
AFFDL-TR-71-107, February 1972. 

Structural reaponae to aero-acouatlc nolaa, Brltlah Aircraft 
Corporation Ltd, Aconatlca Lab. Rap. No.364. Work under Mlnlatry 
of Technology, Contract KS/1/0632/CB.43A2, 1973. 

Ratlauitaa of the reaponae of box type atructurea to acouatlc 
loading. Paper 10 af Proceedlnga of ayapoalun on acoaatlc fatigue, 
Toulouae, September 1972. 
ACARD-CP-113, May 1973. 

Rafaranca 

^•^.7 - Natural frequencies of uniform flat platea. Engineering Scleacea 
Data Item No.66019, 
February 1966. 

1.6 Example 

1.6.1 

It la required to estimate the lowest natural frequency of an aluminium alloy box structure made . 
up from Identical calls having top and bottom skin platea of equal thlcknesa, with the following 
dimensions and physical propertlest 

a “ 600 mm, b - 
tc - 0.8 am, tr - 

E » 70 000 MN/m2, p - 

Firstly 

b 200 

a 600 

200 

130 

0.33, 

1.33, 

°e& 
t 0.8 

1.0, 

and — 1.2 

0.8 
1.5. 

From Flguru 1,4 

and from Figure 1,6 

K 

K 

By linear Interpolation for _j[ 
t 

200 mm, d 
0.8 mb, t 

3 * 
2770 kg/m , o 

130 mm, 
1.2 mm, 

9.3. 

. t 
* 3.0 X 10 m/s fo’ ~ " 1.0, 

c 

- 3.22 X 103 m/r. 'or ta 
— * 2,,0* 

c 

- 1 *. K - 3.U X 103 m/s. 



Alto V » X 
J_ 

5080 
0.99. 

5 

70 000 X 10 

2770 

Hone* f - 0.99 x 3.11 x 10 0.8 X 10*3 

(200 x 10‘3)2 

- 61.6 H*. 

Tht txaaplt illuatratet that within tha llnlta ef accuracy of the frequency prediction, the calcula¬ 
tion of V la unnec :aaary for boxea conatructed tram Metala cooMonly uaed In atructureai Ita value nay be 
aaauaMd to be 1.0, 

1.6.2 

If conventional Z-aectlon atrlngera are riveted to t > top and botton akin platea parallel to the 
box aldea of length 20’ an, at a uniform pitch of 150 mm, find the new box frequency ualng an effective 
akin thlckneaa. 

The atringeV geometric and phyalcal propertlea are aa followai 

St Venant conatant of uniform toralon, Jjt, equala 11./ x IO*2 m“, 

polar moment of Inertia of the atringer croaa aection about o point on the akin directly beneath the 

atrlnger ahear centre, 1^, equala 11.0 x 10*9 m*, 

warping conatant of the atrlnger croaa aection with reapect to the point on the akin directly beneath 

the atringer ahear centre, F^, equala 4.93 x 10-13 m6. 

Young'a modulua, E#t = 70 000 MN/m2, 

ahear modulua, C>t « 27 000 MN/m2 

and denalty p^t * 2770 kg/m3. 

The fluxural rigidity per unit width of the akin plate la given by 

3 
Etc , 70 000 x 106 x (0.8 x 10~3)3 

12(1-02) 12(1-0.32) 

- 3.28 N m. 

Ualng the above valuea In Part I, Section 3 of thla ACARDograph the loweat natural frequency la 
found to be 212 Hz. 

Prom Part 1, Section 4 of thla ACARDograph (or Reference 1.5.7) the fundamental natural frequency 

200 i 
parameter for the flat, unatiffenad panel of aapect ratio ^ « 1.33 la 3.78 x 10 m/a. 

Therefore, if tce la the effective plate thlckneaa, 

3 lce 
3.78 x 10 x — = 212 

0.15 

which givea tc, « 1.26-. 

Then _£* . 1.26 
t 0.8 

and —ï— 
t 
ce 

1.2 
1.26 

1.58, 

0.95. 

From Figure 1.4 K - 3.02 x 103 m/a for h 

and 2.70 x 103 m/a for Is. 

1.0 

2.0 

By linear Interpolation for -£ . i.jg, K - 2.83 x 103 m/a. 

Hence frequency for the box with stiffened akin platea 

- 0.99 x 2.83 x 103 x iliÍL* 1° 3 
(200 x 10"3)2 
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FIGURE 19 COMPARISON OF ESTIMATED AND MEASURED NATURAL FREQUENCIES 
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1A.1 Ct«1 M*f 

j Tb« utarai fraqu«acl«a of a box »tmctnr«, aada ap froa rtctangular ctlla, aay bo foond oslag 
I tbla caapatar program. Tb« aaaa^tloaa glraa la paragraph 1.3 ara appllcabla ta thla prograai aa ara 
I tba raqolraaaata for coapllag of corar plata, .ad latarnal atnictaral plataa dlaceaaad la paragraph 1.2. 

I A llatlag «f laatroctloaa for a aub-prograa te culcolata natural fraquanclaa la giran la FORTRAN 
i IV pragraaalag laagaaga. A aaln prograa la raqulrad to raad la data aad to print out calculatad raluaa 

of fraquancy. A llatlag of laatructlena la aot giran far tha aala program aa tha laatructleaa raqulrad 
ara dapandaat on tha particular computar uaad. 

I 
Tha mala program muât laclada tha COMMON atatamaat which la written In tha frequency aub-prograa. 

1A.2 Fraquancr Sab-nroaram 

Thla aab-prograa aalraa for natural fraquanclaa of ractangular box atructuraa. Tha modaa ara 
daflnad by tha awda naabara (m.n.q) In tha thraa orthogonal dlractlona. Tha mode nuubara atn,q ara 
atorad ln rarlables M,N,Q respectively. 

Tha panal data ta ba Input for «ach box structura consldarad ara valúas of tha rarlablas listad 
In Tabla 1A.I. Tha plate side lengths and thicknesses for tha nine call theoretical nodal usad ara 
shown In Figura 1A.1, 

TABLE 1A.1 

Variable Variable naam 

Corar plata aida 
lengths 

Al, A2, A3 
Bl. B2, B3 

Corar plato thickness TT11, TT12, ms, 
mi, m2, m3, 
TT31, m2, m3, 
TB11, TB12, TB13, 
TB21, TB22, TB23, 
TB31, TB32, TB33. 

Rib and apar depth D 

Internal rib 
thicknasa 

TR11, TR12, TR13, 
TR21, TR22, TR23, 
TS11, TS12, TS13, 
TS21, TS22, TS23. 

Toang'a modulus for 
corar platas 

EC 

Young's aMdulua for 
Internal structura 

ER 

Corar plata density RHOC 

Internal structura 
density 

RHOR 

Any coharant sat of units la which time la axpraasad In seconds may ha usad, the frequency being 
obtained In Hs. It should ba noted that density must be axpraasad In units of nasa par unit roluma. 

On ratara to tha aaln program from tha frequency sub-program tha natural frequency la atorad In 
rariabla BXFREQ. 
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FIGURE lA I PLATE SlOE LENGTHS AND THICKNESSES FOR COMPUTER 
MODEL FREQUENCY ANALYSIS



SlTBROtriWi: TOR BOX STRUCTORK FREQUENCY 

SUBROli’INE BOXFQ 

COMMON EC,EIR,RH0C,RH0R,A1,A2,A3,B1,B2IB5(DIBXFREQ,M,N,Q, 
1TT11,TT12,TT15,TT21,TT22,TT23,TT}1,TT32,TT33, 
2TB11,TB12,TB13,TB21,TB22,TB23,TB31,TB32,TB33, 
3TRll,TR12fTR13,TR21fTR22,TR23, 
4TS11,TS12,TS13,TS21,TS22,TS23 
UtAL M,N 
FNU-0.3 

C 
C CALCUUTE MODAL STIFFNESS FOR SKIN 
C 

XKC-((mi**3+TBll**3)*Al*Bl*(M*Bl/(N*Al)+N*Al/(M*Bl))**2+(TT13**3 
1+TB13**3)*A1*B3*(M*B3/(N*A1UN*Ai/(M*B3))**2+(TT31**3+TB31*-»3)*A3* 
2BI*(M*B17(N*A3)+N*A3/(M*BI))»*2+(TT33**3+TB331h,3)*A3*B3*(M*B3/(N*A 
33)+N*A3/(M*B3))**2)/(A2*B2)+((TTI2**3+TB12**3)*A1*(M*B2/(N*A1)+N*A 
41/(M*B2))**2+(TT32**3+TB32«5)*A3*(M*B2/(N*A3)+N*A3/(M*B2))**2)/A2 
5+((TT21**3+TB21**3>B1*(M*B1/(N*A2)+N*A2/(M*Bí))**2+(TT23*-»3+1B23* 
6*3)*B3*(M*B3/(N*A2)+N*A2/(M*B3))**2)/B2+(TT22**3+TB22**3)*(M*B;V(N 
7*A2)+N*A2/(M*B2))**2 

C 
C CALCULATE MODAL STIFFNESS FOR RIBS AND SPARS 
C 

XKR-D/(A2*B2)*((TRn**3+TR21**3)*Al*(M*D/(Q*Al)+Q*Ai/(M*D))**2+(TR 
112**3+TR22**3)*A2*(M*D/(li*A2)+Q*A2/(M*D))**2+(TR13**3+,”¡ú.”**3)*A3* 
2 ( M*D/( Q*A 3 ) >Q*A 3/( M*D) ) *-»2 ) 

XKS-D/(A2*B2)*((TS11«3+TS21**3)*B1*(N*D/(Q*B1)+Q*B1/(N*D))**2+(TS 
112**3+TS22-|h>3)*B2*(N*D/(Q*B2)+Q*B2/(N>D))**2+(TS13**3+TS23**3)*B3* 
2(N*D/(Q*B3)+Q*B3/(N*D))**2) 

C 
C CALCULATE MODAL MASS FOR SKIN 
C 

XMC-(A1**3*(B1**3*(TT11+TB11)+B3**3*(TT13+TB13))+A3»*3*(Bl**3*(TT3 
11+TB31)+B3**3*(TT33+TB33)))/(A2*B2)**2+B2/A2**2*(A1**3*(TT12+TB12) 
2jA3«,3*(TT32+TB32))+A2/B2**2*(B1**3*(TT21+TB21)+B3**3*(TT23+TB23)) 
3+A2*B2*(TT22+TB22) 

C 
C CALC MODAL MASS FOR RIBS ÍND SPARS 
C 

XMR-D**3*(N/(Q*A2*B2))**2*(A1**3*(TR11+TR21)+A"*3*(TR12+TR22)+A3* 
1#3*(TR13+TR23)) 

XMS-D»*3*(M/(Q*A2*B2))«2*(B1**3*(TS11+TS21)+B2**3*(TS12+TS22)+B3* 
1*3*(TS13+TS23)) 

C 
C SUM TOTAL MODAL MASS AND MODAL STIFFNESS 
C 

XM-(XMC*RHOC+(XMR+XMS)*RHOR)/4.0 
XK-2.0294*(M*N)**2/(A2*B2*(l.0-PNU**2))*(XKC*EC+(XKR+XKS)*ER) 

C CALCULATE BOX FREQUENCY 
C 

BXFREQ-0.159155*5tiRT(XK/XM) 
RETURN 
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2.1 

\ 

¡ 
i 

2.2 

Stctlon 2 

ESTIMATION OF .N.S. STRESS IN INTERNAL PUTES OP A BOX STRÜ'TORE 
SUBJECTED TO RANDOM ATTSTIC lCADING 

NoUtloa 

a apar pitch 

b rib pitch 

d depth of box 

E Young * a aodulua 

f natural fraquancy of raapooaa 

G (f) apoctral danalty of external acouatlc presaure 
p at frequency f 

Kn bending atreaa paraaetar 

Kj daaplng ratio correction factor 

L^s(f) apectrua level of acouatlc preaaure at frequency f 

p unlfora atatlc preasure on plate 

Praa root æan aquare fluctuating preaaure 

Sn( root æan aquare atreaa due to acouatlc loading 

t plate thlckneaa 

& daaplng ratio In vibrating aode 

bra£ reference daaplng ratio (■ 0.017) 

o Polaaon'a ratio for plate æterlal 

a 

a 

N/.2 

Ha 

(N/aV/Ha 

dB 

N/e 

N/a 

N/a 

In 

ln 

In 

lbf/ln2 

c/a 

(lbf/ln2)2/(c/i) 

dB 

lbf/ln2 

lbf/ln2 

lbf/ln2 

ln 

Sufflxea 

n 1-3 denotea location of plate atreaa (ace Sketch (1)) 

r denotea rlb 

a denotea apar 

Introduction 

The flrat atep In predicting the atreaa reaponae to acouatlc loading la to eatlaate ti>e predoalnant 
frequency of vibration. For atructurea In which akin and rlb platea are coupled this aay be done ualng the 
procedure outlined in Section 1, The condltlona for coupled vibratory reaponae of akin and rlb platea are 
dlacuaaed In Section 1.2. i.r atructurea where akin and rlb platea are unlikely to be coupled the reaponae 
frequency ahould be eatlæted for each Individual plate of the box aeperatelys the atreaa reaponae la then 
eatlæted for each plate ualng Ita own reaponae frequency. Eatlaatea of plate natural frequenclea nay be 
obtained froai Part I, Section 3 or 4 or. Part II, Section 2 of thla AGARDograph. 

In box atructurea where akin and rlb platea are coupled akin and rlb r.m.a. atreaaea, at alnllar 
plate locatlona, *rs of the aaae order. For uncoupled amde condiciona, where riba have relatively leaa 
bending atlffueaa than aklna, the critical atreaa la likely to be that In the rib-flange radlua, and when 
riba are atlffer than akin platea the critical atreaa la likely to be In the akin at the rlb-jolnt locatlona. 

Mathoda for eatlaatlon of r.ai.a. atreaa in alngle platea or panela, aubjected to acouatlc loading, 
are preaented In Part I, Section 3 and Part III, Section 4 of thla AGARDograph. It ahould be noted that for 
plataa that are part of a box atructure, aubjected to acouatlc loading on one aide only, the atreaaea 
predicted by the ebove Sectlona ahould be aniltlplied by 1/3. Thla factor la to allow tor the aechanlcal 
coupling provided by the riba which reaulta In the 'xcltlng energy being abaorbed by two vibrating aklna and 
Interconnecting riba. 

For box atructurea, vibrating In a node In which akin and rlb platea are coupled. It la poaalble to 
obtain rlb atreaaea by applying a aultable theoretical factor to the akin atreaa. However, It haa been found 
that, for the United teat data available, the aethod auggeated in thla Section glvea cloaer agreeæm 
between æaaured and eatlæted atreaaea than the coupled reaponae aethod. 



D«tâ pr«««nt»d 

Thl* Section glvai a aathod o. aatlaatlni r.*.a. baadlag atraaaaa la lata-aal plataa of box 
atructuraa uadar tha actloa of raadoai acouatlc loadlag. Tha boxaa ara aaaiiMd to ba coaatructad 
fro« flat paoala that ara laltlally uaatraaaad. Tha locatloaa at #hlch r.a.a. atraaaaa ara 
pradlctad ara tha rib aod apar ceotraa, aod tha adgaa and flangaa adjoining tha ak<n plataa. Tha 
rib adga and flanga atraaaaa aro at tha alddla of tha plata aida adjoining tha akin and for thaaa 
atraaaaa It la lapllclt that tha adjoining akin and rib platas ara vibrating In a cooplad raaponsa 
fraqoancy. Tha locttlona and dlractlona In which r.a.a, atraases ata prasantad ara shown In 

Tha r.a.s. atrasaos for rib and apar-wob platas of a box structura that Is subjactad to 
randoa acoustic loading on on« side ara glvan approxlaataly by tha axprasslon 

— f C (f) 
4b raf 

4 A2' 
t " * 

whan only ona natural fraquancy la axcltad by the noise. 

In Figure 2.1 values of K^, the bending stress paraaater, ara plotted against a/d and 

b/d. For rib strossas, values of Kn are read corresponding to the rib aspect ratio, a/d, and 

for spar stresses values of are read for the aspect ratio, b/d. 

Figuras 2.2 and 2.3 give nomographs for S^. Figura 2.3 .s an extanslon of tha r.n.s. 

r*n8* Figure 2.2. The stress nomographs are drawn for the reference damping ratio, 
6raf “ 0*017» for oth«r values of b Is obtalnad by multiplying tha value estimated ualng 

*ref S ** egalnst b in Figure 2.4. Guidance on values of b for typical 

aircraft structuras may be found In Part III, Saction 2 of this AGARDograph. 

2.3.2 Assumptions In the analysis 

ll !• essumed that aach of the internal plates of a box structure may by considerad in 
Isolation undar the action of the acoustic loading applied to the skin plate adjoining the Internal 
plata undar conaldaratlon. 

In tha derivation of tha nomograph It Is assumed that the plate bending stress Is within the 
linear region where It la directly proportional to tha normal pressura, that Is p/E lass than 

about 20(t/d) (sea Rafaranca 2.6.8). In calculating Ka tha value of a was assumed to be 0.3j 

usa of this value gives a sufficiently accurate stress for all cosmon structural metallic materials. 

The prasv'jre is assumed to ba uniform and ln-phaaa over tha whole of each Individual skin 
plate and tha spectrum laval of acouatlc pressure la assumed to be constant over the range of 
frequencies close to the natural frequency of response of the box structure. If the response 
frequency of the structure Is not known, for conventional aircraft structures without special damping 
treatment the first natural frequency obtained from Section 1 of this AGARDograph should be used. 

When box structures do not vibrate In a mode In which skin and rib plates are coupled, the 
response frequencies of the rib and akin platas may ba such that there Is a significant difference 
between the spectral densities of acoustic pressure at tha two frequanclas. This condition may 
occur, for exasq>le, In boxes with deep ribs. Estimated r.m.s. stresses, for such cases, should be 
used with caution when predicting fatigue life. There are Insufficient test data for this type of 
box structura to provide guidance for these cases. 
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Du« to Mchanlcal coupling b«tw««n «kin plate«, provided by the riba and «par«, It hat 
generally been found that, for bOi< atructurea aubjected to nolae on one aide only, the r.ai.a, atreea 
reaponae on the Internal plate edge and flange adjoining the akin plate reaote fro» the excitation 

cloaely with tha- obtained from those adjoining the akin plate dlrec.ly excited by the nolae. 
for Sox structures subjected to noise on both skin plates, auch as aircraft fin boxes, It la 
recoeaeended that the calculated value of S , obtained from thla data sheet, should be nwltlplied 
by 1.4. ^ 

The rib, or spar, edge stresses ottalned fro» this Section are noalnal values In the plain 
■aterial adjacent to the bend-radius or Joljt. The appropriate stress to be used In estloatlng 
fatigue life, fro» Part II Section 1 or Part IV Section 3 of this ACARDograph (or other endurance 
data), la dependent on the detail design of the Joint used. Typical riveted skin/rib Joints, without 
Jointing compound, are ahown in Sketch (11). Likely critical regions on the ribs for these Joints 
under acoustic loading are Section XX for a, the rivet holes fer b and d and the rib flange bend 
radius for c and e. 

V 45= 45= 

Ske¿cA (ii) 

This data sheet »ay be used to obtain first approxlautlons to the r.a.s. stresses In box 
structures with stiffened skin plates. In these cases an effective thickness la used which should be 
that necessary to give the same frequency as that of the stiffened plate. 

2.4 Calculation Procedure 

2.4,1 Procedure for eatlaatlnc S 
" 1 " r»s 

(I) If the response frequency la not known, estlaate the lowest natural frequency of the box 
using Section 1. 

(II) Obtain the value of spectrum level of acoustic pressure Lpt(f) •t bbe response frequency. 

If only the band pressure level Is known, it Is flist corrected to pressure spectrusi level 

(unit bandwidth) using Reference 2.6.6, The reference pressure for sound pressure level Is 

20 pN/m2. 

(ill) For each rib plate to be consK'red calculate the parameters a/d and b/d 'espectively 
-id, fro» Figure 2.1, read the appropriate values of K . 

n 

(iv) Calculate the plate parameters d/tr and d/t^ and, for each plate location and stress 

direction, retd the values of from Figures 2.2 or 2.3. The nomographs are sntered 

at a value of Lpj(f), each quadrant being used In turn in the ulrectlon Indicated through 

ranges of d/t, K and f. n 

(v) For values of & other than 0.017, factor the estimated valí e of S by K. obtained 
ros o 

fro» Figure 2.4. 

2.4.2 The loading 

Within the nomograph the spectruu sound pressure level Is converted into the spectral 
density of acoustic pressur:. The spectrum sound pressure level Is converted Into the root mean 

2 
square fluctuating pressure In units of (N/m )/Hx (see expression below or reference 2.6.7) and then 

squared giving a value In units of (N/m2)2/Hz2. Since uni*' bandwldln It uted this is numerically 

2 2 
equal to the spectral density of acoustic pressure Gp(f) in unit« ct (N/m ) /Hz. 

Using SI units, 

If Lpi(f) 

Lp.(f) 

Is required In 

L 
P* 

(f) 

“ 20(lo®10pn«s + 4,70)- 

Lrltlsh units of (lb‘iln2)2/(c/s) 

“ 20(lo«10prm. 

it Is given by 

+ 8.54). 
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2.5 Co«p«rl>on with Mea«ur«d Data 

Figure 2.5 »hove a coaparlion of eatlaated and Maaurad r.«,a. atreaaaa in internal platea of box 
atructures ualng the loweat natural frequency for each box calculated by the aethod preaented In Section 1 
of thia AGARDograph. In calculating i.hese atreaaea the daaping ratio waa aaauottd to be 6 (“0 017) 

ref ’ 

In Figure 2.6 a aimllar coapariaon of eatiaiated and aeaaured atreaaea la preaented, the eatlaated atreaa 
being obtained ualng the aeaaured plate reaponae frequency and, where available, the aeaaured damping ratio 
for the box atructurea. All boxea conaldered are ideallaed atructurea, i.e. without cut-outa or 
atlffenera between ribs and apara. 

2.6 Derivation and Referencea 

Derivation 

2.6.1 Timoahenko, S. 
Wolnowaky-Krleger, S. 

2.6.2 Clarkson, B.L. 

2.6.3 Barrett, G.W. 

2.6.4 Ruddev, F.F. 

2.6.5 Clarkson, B.L. 

Theory of plates and sheila. Second Edition, McGraw Hill, 
New York, 1959. 

Stresses In skin panels subjected to random acoustic loading. 
J.R, aeronaut. Soc., Vol. 72, No. 695, pp.1000-1010, 
November 1968. 

Fatigue and response testing of riveted joints in panels 
subjected to wide band loading In the B.A.C. (Weybridge) high 
Intensity noise facility. British Aircraft Corporation 
(Weybridge) Acoustics Rep. No. 048, Part 2. Work under 
Mlnlati of Technology Contract KS/1/0504/CB.43A2, November 1970. 

Acouatlc fatigue of aircraft structural component assemblies. 
Air Force Flight Dynamics Lab. kep. AfFDL-TR-71-107, 
February 137?. 

Estimates of the response of box type structures to acoustic 
loading. Paper 10 of Proceeding of Symposium on Acoustic Fatigue, 
Toulouse, September 1972, AGARD-CP-113, May 1973, 

References 

Bandwidth correction. Engl, eerlng Sciences Data Item No. 66016, 
February 1966, 

* The relation between sound pressure level and r.m.s. fluctuating 
pressure. Engineering Sciences Data Item No. 66018, 
February 1966. 

- Llaatic direct atressea and deflection for flat rectangular 
platea under uniformly distributed normal pressure. Engineering 
Sciences Data Item No. 71013, May 1971. 

2.7 Example 

It Is required to estimate the edge ano flange stresaes on the rib and apar, at the midposition 
between spars and ribs respectively, and the rib and spar centre atresses for the box structure shown in 
Sketch (111). The structure Is exposed to Jet noise on the upper side only. 

The variation of sound pressure level over a range of frequencies Is given In the table, sound 
pressure levels being 1/3 octave band levels. 

sound pressure 
level dB 134 135 135.5 135.5 135 

frequency Hz 5C 75 100 200 300 
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Diatnaloea of tha bo* atructura ara giran In Sketch (11). Material propertlaa are as follows! 

Er - - 70 000 m/m2, o - 0.3, 6 - 0.019. 

The frequency of rasponea of tha box structure Is 92 Hs and this vibration Mods la one In which 
the skin plates and Internal platas ara coupled. 

By Interpolation from the table tha 1/3 octave band pressure level at 92 Hs Is 13? dB. 

Frow Reference 2.6.6, 

Now 

and 

S.«' 
a 
d 

135 - 13.4 - 122 dB. 

600 
250 2.4 

b 200 
d “ 250 0.80. 

Using these ratios the values of Kn listed In the table ere found frew Figure 2.1. 

For all locations on the rib ¿ ■ 250. 

For the spar centre and edge stresses ^ m 250, 

and for tha spar flange ^ ■ 123. 

Frow Figure 2.2, entering the nowograph at !22 dB the values of S for the reference dawning 
ratio are found. 

Frow Figure 2.4 for b “ 0.019 «■ 0.95. 

Hence the required values of are as listed In the table. 

Cowponent Location 
K 

n d/t 

S rws 
(b - 0.017) 

HN/w2 

S 
rws 

(b - 0.019) 

MN/w2 

Rib 

edge 0,50 250 17.1 16.2 

flange 0.50 250 17.1 16.2 

centre In 
x-dlrectlon 0.170 250 5.8 5.5 

centre In 
t-dlrectlon 0.458 250 15.7 14.9 

Spar 

edge 0.214 250 7.3 7.0 

flange 0.214 125 1.8 1.7 

centre In 
y-dlrection 0.186 250 6.4 6.0 

centre In 
z-dlrectlon 0.140 250 4.8 4.6 



FIGURE 2.1 BENDING STRESS PARAMETER FOR RIB AND SPAR STRESSES 
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100 

FIGURE 2.2 STRESS NOMOGRAPH 
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Meosured SrmBMN/m2 rms 

FIGURE 2 5 COMPARISON OF ESTIMATED AND MEASURED STRESS USING CALCULATED 

FREQUENCY AND 8 = 0 017 FOR STRESS ESTIMATION 
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Í 
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; 

FIGURE 2 6 COMPARISON OF ESTIMATED AND MEASURED STRESS USING MEASURED 

FREQUENCY AND DAMPING RATIO FOR STRESS ESTIMATION 

mm 
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Section 3 

ESTIMATION OF SOUND PRESSURE LEVELS DUE TO BUZZ-SAW NOISE WITHIN THE INTAKE 
DUCT OF A SUPERSONIC FAN OR COMPRESSOR 

3.1 Introduction 

Buzi-anw tones (also known as coaiblnatlon tones) are generated in a fan or con^rassor whan the rotor 
blade Mach nuaber relative t1) the incident alrstreaai exceeds unity. In a practical rotor the resulting 
shock wavea propagate from the rotor face with differing intensities^ spacing and angles because of 
geooetrlc and aaroelastlc differences between Individual blades. (See Figure 1) These variations can 
give rise to tones at low irequencles that are integral multiples of rhaft frequency, as well as at blade 
passing frequency, which can be sufficiently intense to cause acoustic fatigue daaege within the intake 
duct. 

3.2 

B 

E 

f 

K 

K 
Cl 

he 

hco 

Si 

«T 

N 

Po 

pref 

Notation 

nuaber of fan or coapressor blades 

shaft rotational frequency Hx 

frequency of buzz-saw tone Hz 

shaft order number, f/E 

sheft order number at cut-off 

average sound pressure level of tone of shaft order K in Intake 
duct at distance x from compressor face, Lx + ly + Lg + ly^ dB 

component of dependant upon the number of blades and surviving shocks 
K dB 

component of L,. dependant on shaft order number and standard 
deviations of shock spacing and amplitude 

dB 

component of L dependant upon Mach Number of incident flow 
on the bledes dB 

component of L dependant upon x/R dB 
K 

intake axial flow Mach number 

tangential Mach number at blade tip 

number of shock waves per shaft revolution surviving at duct 
plane under consideration 

2 
static pressure in Intake duct N/m 

reference pressure for decibel scale, taken as 

2<hiN/m2 (0.42xl0*6 Ibf/'ft2) N/m2 

R tip radius of fsn or compressor m 

x axial distance upstream of compressor face m 

T ratio of specific heats for air (taken as 1.4) 

standard deviation of normalised shockwave ampll. 

o. standard deviation of normalised shockwave spacing. 
L 

Both SI and British units are quoted, but any coherent system of units may be used. 

3.3 Notes 

Hz 

Hz 

dB 

dB 

dB 

dB 

dB 

lbf/ft2 

lbf/ft2 

ft 

ft 

3.3.1 Sunmary of Method 

The sound pressure level at the duct wall at distance x from the compressor face for any 
buzz-saw tone is estimated from the sum Ly =» L^ + ly Lg + ly^« 

The components Lx, ly and Lg are plotted in Figures 3.2, 3.3 end 3.4 against the appropriate 

engine parameters. These components are constant at a given station in the duct for a given fan and 
running conditions. The component lyo is plotted in Figures 3.5 and 3.6. This component defines 

the shape of the envelope of the peaks of the buzz-saw tone spectrum and must be evaluated for each 
tone required. Figure 3.5 relates to tones at Integer multiples, K, of shaft frequency end Figure 
3.6 to tones at Integer multiples of blade passage frequency. 



Ton«» b«low • critic»! cut-off fraqutncy do not propagit« »fflcitntly »long th« duct. Figur« 3.7 
glv«* th« valu« of th« ihaft-ordar Kco »t thl* cut-off. Except vary clo*e to th« co«pr«»»or f«c«, 

th« »ound prasiur« levai» «t fr»qu«ncle» l«»» than Kco aay b« «xpected to b« much lower than 

calculated. 

It 1» »»»um«d that valu«« of B, K, M^t Kj,, po, R »nd x ara known or have baan cho.an. Tha 

remaining para«*t«r. required to e.tlmata »r« th« »tand.rd deviation, of .hock-wave amplitude 

and spacing, <JA and Og, and the manbar of »urvlvlng »hockwava» N. The value» of the»e 

paramatars for a given fan are not always available. Guidance on their estimation la given In 

Section 3.3.3. 

3.3.2 Assumption« and limitation» 

No allowance la mad« for the affect of any acoustic lining of the duct. It la asaiaaed that 
the inlet flow la axial and uniform across the intake duct, which has parallel walla and no Intake 
guide vanes. The data apply at values of x greater than about one blade spacing. Cloaer to tha 
rotor faca the sound energy 1» concentrated at blade-paasage frequency and tenda to a value 
dependant on the Initial ahcck strength at the rotor face. 

The estimation method shows good agreement with experimental results measured within the duct within 
a few blade spaclngs of the compressor face. For fans with short ducts (duct length less than fan 
diameter) measurements in the far-fleld, outside the duct, are also consistent with estimations. 
There are indications that for certain fans with Intake ducts longer than the fan diameter the 
attenuation in the duct may be greater than predicted by this method. 

In Figure 3.6, a value of «A = 0.1 has been assumed. Departures from this value have a negligible 

effect on the value of for integral values of K/N. It Is assumed that the distributions of 

shock spacing and amplitude are statistically normal. 

Because the noise at shaft-order frequencies Is caused by small differences between Individual rotor 
blades, each rotor has its own unique spactrisn of buzz-saw levels. The method can tharefor« glv« 
only typical levels and should not be expected to produce precise agreement with any one set of 
measured results. 

3.3.3 Statistical parameters of shock-waves 

As buzz-saw tone, are dependant on geometric and aeroelastlr differences between individual 
blades, this data sheet Is based on a statistical, theoretical treatment incorporating the 
statistical characteristics «A, Og and N of the shock-waves of a particular fan. 

It is recomnended that, if possible, values of these parameters should be inferred from test data. 
The following guidance can be given. The exact value of oA has relatively little effect on the 

sound pressure level of the buzz-saw tones except at low shaft orders, or when Og Is small. 

(See Figure 3.5). The value of oA Increases from a very small value close to the rotor face 

typically up to value of 0.15 to 0.2 at larga values of x. In the absence of test 
reconsnanded that cA should be assumed equal to 0.1, unless tones at low multiples of shaiL 

frequency are likely to be particularly critical as a source of acoustic fatigue damag«, whan It is 
safer to allow for a value of oA up to 0.2. 

The value of o„ Increases from a small value close to the rotor face up to a value typically 

between 0.2 and 0.3 at the duct exit. 

For purposes of estimating N it Is racommendad that the following values ara taken (Derivation 

3.3)1- 
B 

straight or slightly cóncava entrance region blades N ^ » 

convex entrance regions blades N » B. (See sketch (1) ). 
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3Derivation 

The Figures are based on the following expressions. 

Figure 2. 

L = 20 log 
X 

-°- + 
L Y + 1 Pr.* X J 

10 log - 
b 

Figure 3. 

Figure b. 

Figure 5. 

Figure 6. 

Figure 7. 

<* (M“; + MÍ - l) r . 

‘x = 10 108 ,m2 m2>' «A ««A + ^ - x) - ^ 
'MA + r 1 

Lg = 30 log I I 
B N 

H<c= 10 l0* ÿ ^ + 2 (1 - cos 7J ) - 2»|slnrj 

where *) = 2n K/N. 

(1 + 6oE ) . ^ 2 /22. 1 + oA - exp(-aE )(, 

4 2 
L^o= 10 log ”7? + 2 ( 1 - cos ) - 2 ^ slni| 

(- rj2) 

(1 + boE ) 1 + oA + (B-l)exp 

K = 0.77 
co 

(1 

, where r| = K/N. 

«1 

MA2)l5[ 1 ‘ 0,1 exP 23.03 { 1 -(Ma2 + MT2)'5Jj 

-3 
2 . 

3.4.1 Morfey, C.L. 
Fisher, M.J. 

3.4.2 Philpot, M.G. 

3.4.3 Burdsall, E.A. 
Urban, R.H. 

Shock wave radiation from a supersonic ducted rotor. 
Aeronaut. J. Vol.74, No.715, July 1970. 

The buzz-saw noise generated by a high duty transonic 
compressor. 
Journal of Engineering for Power, January 1971. 

Fan-compressor noise: prediction, research, and 
reduction studies. 
FAA-RD-71-73. February 1971. 

3.4.4 Pickett, G.F. The prediction of the spectral content of combination 
tone noise. 
AIAA/SAE 7th Propulsion Joint Specialist Conference 
AIAA paper No. 71-730, June 1971. 

3.5 Example 

Determine the spectrum of buzz-saw tones up to 10 kHz for a fan with convex blades in the entrance 
region having the following dimensions and running conditions. 
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B * 

ma - 

■<r “ 

po ” 

Tram Fitar* 3.2, for x/R ■ 

froa Plgaro 3.3t for - 

H. - 
Pro« Plgaro 3.4, for B/W » 
Soctloa 3.3.3) and 1-33 

33 

0.43 

1.1 

1900 Ibf/ft2 

R - 3.3 ft 

X - 4.0 ft 

•a “ O-1 

0.2 

1.14 and p# - 190C Ibf/fr, 

194.4 dB. 

0.43 and Kj, - 1.1, 

7.3 dB. 

1 (appropriate to coaaax bUdoa ln tha aatranca region, according tr 

•46.3 dB. 

Thea Lx ♦ ♦ Lg - i’*** - 7.5 - 46.3 - 140.6 dB. 

Referring to Plgara 3.3, a range of valuea of K la choaan. 

To obtain buxx-aav freqaeaclea ap tj f - 10 kHz It la necaaaary to taka a range of K up to aboat 
10 kHz 10 kHz 

K ■ sThT*180- 

Tram Plgara 3.3 the following table la constructed, aslng values of 

The valae of 1^ la than obtained fro« he “ Lx + Hi + LB + hco ^ 140,6 + H( 
K 

0.1, s 0.2 and N - B - 33. 

H Hl« 
0.02S6 -18.5 

He 
122.1 

123.3 

124.8 

127.5 

131.9 

134.5 

132.6 

128.1 

122.9 

140 4.00 Since K/N la an latager, aaa Plgnre 3.6. 

180 5.14 -23.4 117.2 

0.0571 -17.3 

0.0837 -15.8 

0.143 -13.1 

10 0.286 -8.7 

20 0.571 -6.1 

30 0.857 -8.0 

50 1.429 -12.5 

100 2.857 -17.7 

Pro« Plgnra 3.6, the following valaea are obtained. 

Pro« Figure 3.7, for M. 

35 1 

70 2 

105 3 

140 4 

0.45 and Kj. - 1.1, 

He« 
+0.0 

-14.7 

-18.5 

-21.0 

He 
140.6 

125.9 

122.1 

119.6 

K = 6.8. co 



mm 

The following envelope of buzz-saw tones Is drawn from the above tables, ignoring the tones for K 
less than K o 

co 

«IfPUtlipRfi 

33 

10 

K 
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I 

Shock wove pot tarn from o real fan 

Pow«r sptctrol dans it y vs fraquancy Pressure vs time 

X : Distonce upstream from rotor 

B = Number of rotor blades 

E = Rotor shaft speed 

FIGURE 3.1 'BUZZ-SAW' CHARACTERISTICS 
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