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Vibration and Centrifugal Strength Analyses of
Helicopter Rotor Blades

J. Y. Lee«H. Y. Hwang
Dept. of Aerospace Engineering

<Abstract>

Vibration analyses and centrifugal strength analyses of rotor blades were performed
that are necessary in conceptual and preliminary design phases of the helicopter design.
Beam type finite elements were used for the structural modeling and first, vibration
analyses of non-rotating blades were accomplished for the basis of comparision with
the vibration test data. Sensitivity vibration analyses that change stiffness parameters
at the Dblade root were also performed in favor of counting uncertain boudary
conditions. Since rotor blades are rotating objects, to check the capability of standing
centrifugal forces at the specific rotating speed, axial strength analyses were also
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performed. MSC/NASTRAN for Windows software was used for these analyses.

1. A4 &

AFHH L Ed(modal) 3MA4-E& T3 LFIFF(natural frequency)®t EZ&AH(mode
shapes)€ T3te HAolrt. ¥ AForMe HUFEH ZEZA(rotor blade)d) AFeA =
LAY FEddo] FPHJT, T FFo HPF AP fujste] ZE Z(root) FE2
74 (stiffness) & H3AA 7IHA IR ErY HE AR U3 E(sensitivity) 54
o] 7t HR3 AgoA IE T3¢ 39 84(Frequency Response Function)& &4 4 0.
2 Ftgeh. A S £ AEHLAE BE 3F7) FRE HAA Z27)2E 1
she Atgteln] B3 dgE ZE 9 AAlAE F¥hA (acroelasticity) s8] 71&7)
He A2 9539 gEo M} 8% dA Wt @

Ao d2FE 28z g8 £33 &4 88 B4l Holun BT INe 7R
o) & (airfoil) A} &to] Bo]dte ¥ 2 (aerodynamics) A7} 4L BFAE 0] &3t wEo
Aw B JFNME ol A ZEAY AFHAS PR BEjZ Y FA do
HE ZAHCIHE F3le dxe maadda 73 dolHE aE AL&sqrh

BEEAL a3 FHREEZ 42 94% 713 H(beam) Uz Ay @t
B AFNAE B Jee 73 842 ZHZAE BRdy ddon, IFAA 44Y F= 3§
Aol 3 ZA4E ¢S = dx= dod) FHY 78 848 mdg 39rt. WEs
A B2 FAAS A e ZEZ o] AAd nAE dURZ JIAH FHAHJe
U, A FREL oL AR FAHE M0 g8 T2E dAEHI] g ol xg
te] ZEZ R 48 2 I 22dyg Frisley 2dys & 73 E(sensitivity) %
TS s 4 ZEadL MSC/NASTRAN for WindowsE A&t

2. 94 AX
21 7z 24

AFEA ARNA F8E AT AY, whirl towerAld B HZAYE 93t A& F A
152719 287l B d79) 718 md2 ARSItk ol e FREL FF #4e 96
T2 H(beam) FEje] 73282 Rdyo] Hrh XA 2E e AFHNE P8ty YA
T 7 A e ZFAEDH, 2F £F, Fly 2%, FA $4, A48 4 5 24 24 og
=243 Ate] a9,

4ol AHgE 2B 2 VR-129 VR-169) F ¥ (airfol) 2.2 A=} glom 7 Jgato] o
ZET(root) A o] s ke FR7AE 48X WIE 7Pt 2EH2 7
T T SH(hub)ote] AAR-EL Y 22Xy g4R o] frh o] dARE] e %
A B A #r, 2Y 9 HAATE A wAlAe Al ke A2y Aeg AR
ot sell A8 T XA A A9E Fo 29 1-1o VERith w3 ARgE 988
d 1-29F O9 -3¢, 28719 AHEE 28 149 Vel
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a9 13 Zol 2EEHAL F 4079 B QAR YFoH glon FFd B4R gl
HH (hub)F &2 ZAZ 7tAste] mdy stAth 28 Z(root)F&ol A o & (airfoil)o] ¢
A8 JAste FEAlole 9H 713eA Bk Wt ASANE B A A9 7“*&
S Ao Wit JHAste At T2 #FHAE THAE AFEFE B2
g 499 2379 R=o|22 E i H(flapping) & 2= Z(lead-lag) ZEE 2z}t 77, 37HE
FEstE 100A REZA| FREnh B AdeA Ay FelAle FRFSEErE v
o &3t7] Yot RTash Bde] FHHoz R Fue3gdrE 3t

A2 #A W o® e Lanczos WS AME3lF oW TR REE doR Ysloid
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3 449 Z=d4

ZEAL 4 AEF ol Foly] Wi Fol A F2H & glo] £
g 4 gevte /3 EAlolnh fAH A= AL oy 7kA Ao didle s1eisto
of sA| gk A7) ujgelA M g -‘?«%% A2 e w3 gl disiAg @
At 4 2de FA 2913 Zu, 94 FAdee BIRPMIA o 1/5677] 9
rdolug 1917(RPM)oA &) 4] 3} g, al*i;i% .2 K(beam) FEY FXEL ZH
A& siAstr)o et fornz Furdge] A 2 &S g F e th(rod) HE
o] FxER md3Hc 48 Zn #HHox &9 wHe(displacement), S g
(axial force) % -2-#(stress)S T3+9th

.ﬂ

Al
A

24 28 (root) ¥-¥-9 AAZA Wt e Vs

2

2HZAL BE B3 IHEF dAAY. sBEE ofF e AL 72 Ay E A3
A FE dAA 7 Fa3 RE} JgdA BAAME ¢#HA ARV Q1S
Aol 7H7tE ZdE PN EE Rddct ZE L o] 3B AAEHY o u o
& o AR F4d q(ﬂex1b1ht )2 7HA A |tk o] dH RELE AT A FA
2F&3hH o] 73 < J—°2%$4 Wale] & o &3 nj A, AAZzA] W
(axial spring)® 3
R RS e =
FaATIEA S
% Ak AHARE 22
g A WA, 7 oA Bee gledgy 3 dA RE9 a4

Il 1 do ®
ML oyl

= lo
o
Y

b N omoox

=2

- 274 —



AAFEH Y AEH % L4 A=Y 5

1235

29 2 2E2(Root) &9 BA=Z Y =4

3.84 43 2 FAE
31 A% 4 43¢

2E A sl tisl 10MA 2e7kR] 848 estact. 4 2= 54& AEstd A
%49 &7 APPENDIX Al vehiigict mso] E4L 71 =82 AF JHE 71&
o2 83yt HEZHY A% 2=FHES APPENDIX Bell Jehiiich ZEZ @ s
A e 33 ZAAEDS Wsd wE 7 Reeo u{ASSs WikE 2% 39 YL o
E NEE2 BAEtY 29 49 YERUTH

= -s-aguB
i mmia - 8- Wkdwnl
_y- hctoaB -A- Dol
-y~ T%downB

8

2

8
"\\
\

I
|
|
|
\
|
!
I
I

Eror (%
&

Frequercy (H)
-

or / - l -10:

R
)




6 olFd - #Ed

Lo Yoi FE nRAFFd RoFYE olfdle FI T3S HE(Frequency
Response Functlon)e 2% 59 6ol el 28 5% ¥ ¥ (bending) WHoRE 1F 7}
S AE AAEAEE W & F Ae TEEFola, 19 62 #H(lagging) WHoE 7}
£LAE AL AT FMAE SHETFOIH. A7AM FREY AHASFE 0038E 7t
AP 10/ RErt ¥35E 500(Hz) 9 3 GE7Aw 2z

w )
@ i
\ N
s l\ —\
» ! \ M\ /7
| 1 [ ] /
! 1\ I — ] ]
i (A NI | /
wed || j ] ~J
- ANl ul
VTV \
wal AL\
\ 1%
1
a¥ 5wy W] FaggHdr
s A
ol || 1 [
| il [
wl | AN I\
ik 1l
- iR [N
ur ] \
- I\
o AN ]
A | ]
el |\ [ {
| — /
|| / /
] ] 7
J

¢ £ 1917RPMEIA S A9, Hu% 3, SNl Sa8 2HAY 94

— 276 —



e Fe 2Zezle AEAY B d4Y Z=dH 7

o g 4 P WetE 19 74 Ui, 4] AR 2EZ FEd 7}

F 2 go AT BREoE P4E YaSE A T £ AT

ZEZ F&d 7IEAE o] 8500(Newton)F EClER $H. F AZAFEL o] X9
Hol A4 = e S Avordth 19 8d= A4t ¥dE B9 E el
At ZEZ FE2 ZAz 249 337 GEA AA7 A glen, EREes

g S7HE RAFEH.

Avial Force for 1917RPM
T T T Y T ]

v T v T v T T
1.0x10° T 00018 |
o001 |
soxio’r b 00012
00010
Z soxto’ 1 00008 [-
l% 0.0008 -
K] | B
5 40’ T 00004 -
o000 -
2010’ E 00000
L. 1 1 L 1 1 1 " A L 1 A
200 400 600 800 1000 1200 ooz o 10 0 20 40 &0
R Position (mm) Posttion

a9 7. A" 9% 0 Y W 24 8 AdH 47 B9 s

HR2RE At ZE QY] o ¥ o] 43 AR WAAY FH FELZ F=
H kg 2 vHe] EHAA ME AUz gtk wid HHZRE Yo hHd| A%
T RE7A AR GHo HA tE(doubler) e RARAE AMEI AL wAESTh

a8 9 4NN 2EAY AXd wE & ¥IE YEidg. 4FEe 54
B3E vehlie £ B 2HA Y TR o] 492 & #YH L FI w
2 FAstelol AT FE B¢ 4 Utk 29 102 a9 99 AAREREH 42 SHEsFE ¢
PE-& FABAL curve fitting? Aolth. #3719 €AY 2EZL k¥ I 1034 ol
$HTAL QA3 AAe S 45t 29 100 B2 HBE HoE 14(MPa)Y $
gg A4 F UEF dAzdstaol e @ & Atk A A" 2l Z o @
ZEZ $9%e] A9, 949 € 39 s|4 ARE APPENDIX Cofl YehiiRich

— 277 —



T T T T T T

Stress for 1917RFM
Stress tor 1917RPM
T T Y

Usa Curve Friting.
aonto’ 1010 " T
\ 8000 "I 1
6xi0 '
) 6010 "1 K
ém‘ 40x10 g
§ H
3 % 40010 ' b
2000
2000 ' 1
00 L L 1 : ' L " ) L L "
0 200 400 600 800 1000 1200 a 20 40 60 a0 1000 1200
R Position (mm) R Position {(mm})
O™ 9. A A% & W a9 10. A gl o & W3} o=

33 RE|2Y AA =4 &4 25

MAAA dAE AA 162719 2B 70l AZEHT whirl towerAld = HEAHPo]
P ol s F3as HdeA JPFE AdAge] dAREe I AR FY A8
7F BastA Ak wetA sia g e Fote] 2Hoe A A4 279 e wE
AFRET 13 A s -r“ﬂ?f}%lﬁ} ZE S ZAZ AL W AR E AR
A Zt7hg 2xgAsR F9dtel 1 g FAATEA A4S FPEAT. 28 11,
12, 13 zzk A ¥4 EQ8RE, F A ERPRs 29 A A FEHPRE
B A 21 A= A4AAE e FAgCA 09 ftes WEks 7“5‘ *ﬂi}
A 73 Wste] 4 FHAA nFAFEI FAHRA Weke AE & F Uk
L2 99 #4 A3E nges A 2H RdYdME AAE AR AE “H—
o2 ARFFEFIE i) AFEe £31173%)9 A S #HEA = o grel
ZEjZl0] 3ol dAdHe] e Aol

F

ngrg
2N B

2nd Bend Made

5 . T . v v ' »r SN S
Torsionat Stiness k
2% b Kk=Rigig
: - —e—iz10
2 * - k21000
N —+— k=100
5 7 - i == k=10
¥ Iy P
> € 19F
2 % S k=D
2 -1 k=0
g £ wf
£ T
L 1 i | o
5 z R .
[ 4 S
i 1 1 1 ] i 1 1 1
R 4 2 a 2 4 1) 8 10 2 -6 -4 2 e 2 4 6 k] 10 12
Anal Stiffess ks Order (10 " Axial Stiffness k's Order (10 ")
2 3L o =) Q 3 L= o) 2 %
28 1L A WA EUY REe nfilE Wet a9 120 F WA S e uflEs W

— 278 —



Yl FE REZY 2Esd B A4 F=ay 9

15t Lag Mode
T M T

Natural Frequency (Hz)

Axial Stiffness k's Order (10 )

¥ 13 A HA HAREY a{fAFS WUt

4. 4 &

A FHE TG FF T M LT 849 Y 2HAS IF ANH} FHA
T A4 R HME AHT 44 AR HYe & dFA s AgEARE NE
B85 e E7] ZHAY 4 diet nad b BHsee Z2I3A0 2y £ 9
TE 2EHA AA/EY Bad AgAA dAd 2ad x dT7EA dos AFLY
HE o8 FEoL BRAY A, Vg AA AFES nH T HH A, FV1EE 1
B e A4 T gL 47t m“ﬂﬂ‘ﬂ"# gt

5 7

o] =& 199785 EAdsn ez (RHadgds ST st AT
How oo ZAEHYL

!1¥.‘4

1. 8354, As3, “FRHF7) +x2E29 IF L EFH 47, A48 37 Agr)E A
TR %, HHEA T4, 1996

2. Rehfield, L. W., "Design Analysis Methodology for Composite Rotor Blades,”
presented at seventh DoD/NASA Conference on Fibrous Composites in Structural
Design, 17-20 June 1985, Denver, CO.

3. Weller, W. H, and Davis, M. W. "A Modal-based Procedure for Efficiently
Predicting Low Vibration Rotor Designs,” Journal of the American Helicopter

~ 279 —



10 olFgd - %34

Society, p.62-73, Jan 1993.

4. Cesnik, C. E. S., and Hodges, D. W., "VABS: A New Concept for Composite Rotor
Blade Cross-Sectional Modeling,” Journal of the American Helicopter Society,
p.27-38, Jan 1997.

5. Walsh, J. L., Bingham, G. J,, and Riley, M. F., "Optimization Methods Applied to the
Aerodynamic Design of Helicopter Rotor Blades,” Journal of the American Helicopter
Society, Vol. 3 (4), Oct 1987.

6. Cesnik, E. S. Cesnik, Hodeges, D. H,, and Sutyrin, V. G., "Cross—-Sectional Analysis
of Composite Beams Including Large Initial Twist and Curvature Effects,” AIAA
Journal, Vol. 34, No. 9, Sept 199%6.

APPENDIX A

¥ Al ZE7 JF #4E §¢ 1K AeF

No. Mode characterization Frequency (Hz)
1 1st Bending 4415
2 1st Lagging 25.73
3 2nd Bending 30.03
4 3rd Bending 83.21
5 4th Bending 161.1
6 2nd Lagging 177.1
7 5th Bending 269.2
8 6th Bending 405.4
9 3rd Lagging 511.7
| 10 7th Bending 564.1
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APPENDIX B

VL
Puignd Sot Coss ? ode 415420 Hz
Dtomact2 161 Totd Tiarsisbon

Putou et Caee 2 Mode 2876649 Hr
Total Tianslabons

1st bending mode, 4.415Hz

1st lagging mode, 25.73Hz

[Ouspua Set Cave I Mode 3002913 Hz
Dotormad 2 973} Total Tianelation

e

[Oupat Set. Casa & Mode 83 214408
Dalomed3 015} Tote Teansabon

3rd bending mode 83.21Hz

2nd bending
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tou St Care S Mode 161 1169282
Dsianed3665} fas limigen

ukpd St Case @ Mode 405350525 Hr -
elcmed( (B3] ot Translabon,

4th bending mode, 161.1Hz

b

ulius Set Caca 6 Mode 177 00322 He
fcymed? 664} Tetal Danstoion

2nd lagging mode, 171.1Hz

6th bending mode, 405.4Hz

3rd lagging mode, 511.7Hz

=

[utpu Set Cate 10 Mode 564 1796931
577 Tota g

elomed2 577 1

5th bending mode, 269.2Hz

7th bending mode, 564.1Hz
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APPENDIX C

el FE 2 AT 3 4™ Z=Y

TABLE C.1 262 &uge) 99, 9449 2 &9

AX(mm ) | A Cmm) Force (N) Stress ( N/m?)
189.5-200 6.99526E-06 8577.66 34643220
200-210 1.3627E~05 - 8526.729 36811550
210-220 2.02192E-05 8477188 37245990
220-230 2.74618E-05 8427.255 36864630
230~-240 3.54704E~-05 8370.232 39482230
240-250 4,44626E-05 8315.218 42533080
250-260 5.47480E-05 8262.576 46185450
260-295 0.000143972 8212.682 80045620
295-330 0.000232009 8103.51 78981580
330-352 0.000286512 7981.386 77791280
352-374 0.000340456 7899.507 76993250
374-396 0.000393807 7812.512 76145340
396-418 0.000446528 7720.398 75247540
418-440 0.000498585 7623.167 74299870
440-462 0.000549943 7520.819 73302330
462484 0.000600568 7413.354 72254900
484-506 0.000650423 7300.77 71157600
506-528 0.000699475 7183.07 70010420
528-550 0.000747689 7060.252 63813370
550-572 0.000795028 6932.316 67566430
572-594 (.000841459 6799.263 66269620
594-616 0.000886946 6661.093 64922930
616-638 0.000931455 6517.806 63526370
633-660 0.000974951 6369.4 62079920
660-682 0.001017398 6215.878 60583600
682-704 0.001058762 6057.238 59037410
704-726 0.001099007 5893.481 57441340
726748 0.001138099 5724.606 55795380
748-770 0.001176004 5550.614 54099550
770-792 0.001212685 5371.505 52353850
792-814 0.001248108 5187.278 50558260
814-836 0.001282238 4997.934 48712800
836-858 0.00131504 4803.472 46817460
858-880 0.001346479 4603.893 44872250
880-906 0.001381786 4399.196 42097570
906-932 0.001414766 4129.851 38814390
032-958 0.001445223 3831.33 35377000
958-984 0.001473241 3524.48 32543680
984-1010 0.001498486 3170.8 29226100
1010-1036 0.001520843 2819.582 25796720
1036-1067 0.001543936 2443.452 222773940
1067-1100 0.001560083 1612.18 14629590
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