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ABSTRACT

A Study on Structural Design of High Efficiency and
Lightweight Composite Propeller Blade of Regional
Aircraft

by Lee, Kyung-Sun
Advisor : Prof. Kong, Chang-Duk Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

Recently, the need for developing the environmental and eco—friendly aircrafts with
increased fuel efficiency is being emphasized as an eco-friendly requirement in
response to high oil prices. Aircrafts take up 3-5% of the world's carbon dioxide
emission amount and the aircraft industry is placed at the top in the emission amount
as a single industry. The amount of carbon dioxide being discharged in high altitude
atmosphere is larger than that being discharged by every vehicle on the earth.
Accordingly, it is necessary to develop the next-generation eco—friendly & high fuel
efficiency engine technology to enhance the fuel efficiency and aerodynamic
performance of aircrafts for the purpose of reducing carbon dioxide emission amount
prior to collecting and dealing with air pollution substances being discharged.

Many studies for advanced turboprop were performed. Among the previous studies,
Roy H. Lange performed research about a review of advanced turboprop transport
aircraft in 1986. F. Farassat et al. performed the study on advanced turboprop noise

prediction based on recent theoretical results in 1987. This paper deals with the

- xiii -



development of a high speed propeller noise prediction code at Langley Research
Center. J. A. Liser et al. studied aeroacoustic design of a 6-bladed propeller in 1997.
This paper show that tip mach number reduction is a very effective way of reducing
noise levels, especially when the original mach number is nearly transonic. In 2006,
Quentin R. Wald performed the study on aerodynamics of propellers. In this paper, the
theory and the design of propellers of minimum induced loss is treated. In 1992,
Takashi Yamane performed the study of aeroelastic tailoring analysis for advanced
turbo propellers with composite blades. In this study, the aeroelastic model of advanced
composite materials i1s proposed. Many studies have shown that the efficiency of
advanced turboprop is higher than that of the current turbofan design. After many
years of study, various aerodynamic design theories were proposed. However, little
research work has been carried out to propose the design method of propeller structure.

In this work, aerodynamic and structural designs of the propeller blade for an
advanced turboprop aircraft, which will be used for a next generation regional
commercial aircraft in Korea, are carried out. In the aerodynamic design, the
parametric studies are performed to decide an optimum aerodynamic configuration
having a specific HS1 series airfoil. In structural design, the proposed propeller blade
uses the carbon/epoxy composite skin and spar and urethane foam core sandwich type
structure, so-called skin-spar-foam sandwich, is adopted. In order to confirm the
initially designed propeller using the netting rule and the rule of mixture, the structural
analysis including stress, eigen value and buckling analyses is performed using finite
element code, MSC. NASTRAN. To finalize the proposed propeller structure design,
the prototype propeller is manufactured, tested and compared with the structural

analysis results.
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Table 1. Design point for propeller

Parameter Values
Cruising altitude(m) 5,200
Flight Speed(m/s) 142
Rotation Speed(rpm) 930
Power(HP) 2229
Blade Airfoil HS1
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Fig. 6 Aerodynamic design result of propeller assembly

Table 2. Aerodynamic design results

Parameter Values
Diameter(m) 4.07
Number of Blades 8
Blade root chord(m) 0.347
Blade Airfoil HS1
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Fig. 7 Aerodynamic configuration of the proposed propeller blade

Table 3. Blade angle and chord length distribution at each blade section

Section /R Bldeg] c[mm]
A-A 0.20 65.453 347
B-B 0.30 63.602 347
C-C 0.40 59.575 348
D-D 0.50 55.076 352
E-E 0.60 50.760 348
F-F 0.70 46.094 338
G-G 0.80 41.862 318
H-H 0.90 39.180 248

I-1 1.00 35.999 53
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C, = Crcosy+ Cpsiny (20)
o171l M Cp, Cp #k2 clolxd el e AHSHh

e FHES AHgste] 1+ Al (nterference Factor)ES T3t} o 719 A, a+=

Z(Axial) ZH A0l 3L, o' & 34 (Rotational) 7H4] 71420l

o=—8 21)
F—oK

o =5 (22)
F—oK
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Solidity A4 & tpa-3 7t}

be
= (23)
o 2mr
Goldstein®] &% E=AAF ALk o 23 2o,
C
=— (24)
4sin“y
G (25)
4cosysiny

Prandtle] A &4 A+ A

F="cos ‘exp|— B;(slm_@/i) (26)
A T HAATES e olged ¢ FE Aad
tany’ = w‘;((llt?) = :2((11 ff% @)
W =tan ! A((lljs,)) (28)
el g

dC 3

de: %(1 —a )2x3a C'ysecgw (29)
dC

—dxp = %(1 a )r'oC sech) (30)
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sellol= A dwel sl (18) T (30) 7hA 2] ALk
b (309 #tEe A&stel AA FHAFHCp), &
& ol&stol WAl FHy vg, 2248 58S T

T=Cpn*D*

P=Cppn°D®

CT ° J
77 prmy
Cp
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2. 4% Y 23 L AF

Z7] €8 4 AA A= 67 Sdel=rt AR duE A4 HJou Bu &
&5 T7F A7 FEE JNAE7] Skl AAN o] AU HF Edol=
S 8 Eeol=R AAgEHen, dAE Edol=e] AH S 407Tmoelil 7|E 2=
HET e FH o R vzt FES DAL F QUEE g0 FUHEAT AAA
d5 A A7 E82 08090 Ao FAHAT T A A A e 22
2] tiB] ¢ 5dB 22 A& FEE AA AT Table 401= AAH s vl A2
£ WA ST

Figure 82 ©]| &4 &5 o] &% Edol= 7} dHe FHAF Bl &9 X5
wBolFa g, o]& A AAE AT ANSYSE o] &3 X4 Aeaid Axte} u
w3l A o =0 g3dAS AFagnt A A AARAE AT xS A
Aotal 9 7o s AAstg o, o F HHL free-slip wall 718 Z

ez ]

L3t ey F99o 9IS actuator discE 7FA s MRF 7|H<S 283
t}. Fig. 9% ANSYS @14 ZAi}o]ltl. Table 50 &= o] 2a)A Axe} =X a4 A=
Hlugk Ao 2 o]Ea|A Ao eldAd S HoFa glon MAAd z=2de] §&

89%+= 71€ FAbE ZERAHEOE =2 385 7HHS 4 AAT201

Table 4. Comparison between performance of 6 blades and 8 blades

ALT o | EER Dia. ] c Thrust Ct Power Effici
ac icienc
(m) (m) Pl (HP) Y
8 Blade | 5,200 0.42 980 4.07 213 | 054 10.36 0.22 | 2229.54 0.89
6 Blade | 5,200 0.42 980 3.95 220 | 057 10.68 0.23 | 2321.06 0.88
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dCp/ dx or dCt/dx
[=]
3
2

0.2 0.4 0.6 0.8
r/R
—Ct ——Cp

Fig. 8 Calculated Cp and Ct at each spanwise station

Contours of Velacity Magnitude (m/s)

Jul 25, 2011

ANSYS FLUENT 12.0 (2d, pbns, sstkw)

Fig. 9 Aerodynamic performance analysis results using commercial CFD code,

ANSYS

Table 5. Comparison between theoretical analysis results and numerical

analysis results using ANSYS

Theoretical analysis Analysis results using
results commercial CFD program

] 2.13 2.13
Efficiency (%) 87.8 89.0

Thrust(N) 11028.97 10378.41

Power(HP) 2374.17 2229.54
CT 0.209 0.22
& P 0.505 0.54
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A 4F AF EHols F+XAA

A1A HdAMS & A HEx

ey Bdols A/ 8T 2UoRVH ¥Y A/ s Y dEL AR
o Fx AAE AT AT AolaA Ak T2 43 Aot fRFW fA T
g olgsto] T AAT FYALh o9 wol AW Fxe| Y BUE 9
A A% AH AN FAstel ¢ BE L AP gEstw, FY 42 A4, @
F BT ANS B T2 A 8T 24 BE one AEAY6L AT A @
45 Aol g A7 8T 27 BE AR E 4

g4 L
il
N
ft

ol
o
s
-
BN
[-'0
r>~l

2,

g

[-'0
o
o,
filo
_] {4

Investigation of design requirements

-Aerodynamic configuration design results
-Aerodynamic loads
-Structural design requirements

|

Structural design Material mechanical
load estimation properties
‘ Structural design using netting rule

-
¥

‘ Structural design using rule of mixture

l Design

Evaluation of structural safety, stability and weight modification
by finite element method

!

‘ Check target weight = Design weight

!

‘ Finalize design

Fig. 10 Structural design procedure of propeller
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A 2" &5 At

AN A EHE SFe FHRFl oF A9 L FY LWL} o, o 7]
A4 BFol dah T2 AA HF AE A T A A ARE T} E2
of g o] Aeel AT BAse oz HE A dFe Avsson, A4
Fe 28 47 1459 80pmoE HAse 4$E nelsdn, by A%} 2
Y Es ohume Az ded g bgstel AME FAsn wEAN

T' =L cos®— D' sin®=1L"cos®(1—etand) (34)

Q'/r=L"sin®—D cos®=L"sin®(1+etand) (35)

o 7] of] A T'Z%pWQBcC'y, Q,/T:%pWQBCCI

|
| DISC PLANE

T2 A7 st gde s 2] Joy E AFdAE AA A AR R/
slo] HES AT Load case 12 Cruise 202 AA3N 00 Load case 2
Loiter AFH], Load case 32 Take off AFejo|t}t. Al 71#] st5S 43 23 Load
case 314 7HE S FEiEA Ho EWUEV SAsteR Fx AA 52 Load

Hm
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Table 6. Load cases for structural design

X

Flight condition

Power(HP)

Thrust(N)

Load case 1

Cruise

2229

10378

Load case 2

Loiter

1148

5229

Load case 3

Take off

3983

29055

Moment{Nm)

Moment(Nm)

Fig.

Flatwise Moment Diagram
9000

8000

7000 LN

i

6000

5000

4000

Moment(Nm)

3000

2000

1000

Blade section(r/R)

-@-Load case 1[Cruise Condition] =<Load case 2[Loiter Condition] -#-Load case 3[Takeoff Conditicn]

Fig. 12 Bending moment diagram at design load case 1, 2, 3

Flatwise Moment Diagram

20000

Flatwise Shear Force Diagram

18000
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14000

12000

10000

8000
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4000

Shear Force (N)

2000
0

04 06 04 05 06

Blade section(r/R)

08 1 02 03
Chordwise MomentDiagram

L 400

07
Blade section(r/R)

08 09 1

Chordwise Shear Force Diagram

350

300

250

200
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100

Shear Force(N)

50

0.5 0.6 0.7 08 0.9 il 04 0.6

Blade section(r/R)

0.2 0.3 04

08 1

Blade section(r/R)

13 Bending moment diagram and shear force diagram of load case 3
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A3A JNE FE2 IR AZE AA

Zede] EHolE T2 L AFgoluNE FxH Y 5ol F5
frAbe HS 568F Z e o5 EAetof[14] 23-29-% A=A 2 4
AestAct ol HE FFv] Gl Wuk ofyer Zade Edol=, Fy i
ol Tz A Wetew vFetA AE&H L = Wt Fig. 14+ Edlo
gHe T2 Ad FAS HolFa gt Zedy Egolm RS 33 7)o tho
A 8531 9+ Carbon/epoxy UD Prepreg M &S AAstAtt 484 259 7]

AA EA = Table 701 A3k

Foam

Skin

Spar

Fig. 14 Modified configuration

Table 7. Mechanical properties of materials

. Carbon/epoxy | Polyurethane
Material property
UD Prepreg Foam
Longitudinal modulus (MPa) 140,000 60.86
Transverse modulus (MPa) 10,000 59.86
Shear modulus (MPa) 5,000 19.18
Poisson ratio 0.3 0.2
Longitudinal tensile strength (MPa) 1,50 2.63
Longitudinal compressive strength (MPa) -1,200 1.41
Transverse compressive strength (MPa) -250 1.41
In plane shear strength (MPa) 70 0.71
Density (g/cm3) 15 0.1197
Ply thickness (mm) 0.125 125
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A 43d 23 AA
1. 9 A7 e 93 23 SR 2L 239 ) AA
o= AA H (Netting Rule)oll &gt AA 7id2 st Wde=z A3

&
O BES B, 0E $FoE 438 AfE F=d s vty Hgs
Mo

22X Z71 d AAC F&stHi6]. 29 WA FA= ke 158
I

a#ste] F;MA O FS G5 AEoA FAE stttk 0 & AT F;A
Agats BE 3 wivn sl (049 20e REGE At
of wl ~3= d= FA FHolmE Ag &Y (Crippling) FH=2FH td&S 19
g E FE A8 AEE VTOoR gt AAE TSI I F FE A= A
2 3NA Y 2ol At 23 FAHAY $H AHEHE Fig. 159 Zu)
\mw due to £,
due to £,
i\\\\\x\\\\\
; A
o, due to M,
= |
Fig. 15 Acting stresses on spar flange
E MEY)| | X o (36)
A L SF’'SF
Oy = 0.065 /0, E (8D
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I
AT AT Feel= T2 Gt Yol EA A Ronw, 0B

ABY T AAee] AA B A5 AAGE

offt
o,
Fxe
N
il
)
>,
—d
o,
-
g
lo
e
-
i

- )(t Ucrip

=Slon o (38)
S.F’ SF

‘ﬂ
A

o, due to M.

-
§
AN

Fig. 16 Acting stresses on spar web
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2. T AA B g &5 ZAA H 29 9 HA

Z7] F2 AA AxEs £ AA U Rule of Mixture)oll &1ste] =4 A7 &%
U S AA RS B8R AAA o BE e W R A43H AaxE o
atg Wk 7o gt oo mA K AFstdE AA Jhdeltt
[16]. Z27] AAA AA-E 0 W& Afol £45 , 90 BT A FE Bgdsty HF A
A ARE =ZFsAd. £F A of egt AA ZA}e F5WA(Quasi
isotropic) AAIZA HF AT A Ao ARk LA AAAH ASE F AL A
59 A BAst= AR HEH T WIS AT F e FHE AYn

AR

qEd e FPsY HNEd HArdd Zgaw CCDE nAAHZFHo|=2
(Classical laminate theory)s ©]83%F 3 3|4 T2 O o2 A HZF A9 229
EAAE 4 ARE §o HEFd S ©A AFE ALY Aald S ©A

Ass olgstel 27 +x AA Ad3E £ AA i

Z

&

y TR

Y AL
# % | ! ]: E.l‘

Fig. 17 Acting stresses on spar flange
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Fig. 18 Acting stresses on spar web
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Fx Ex“ Mz<iyw) EI“,
g — — —
o ZAl Ex Iz Ex
ot, F P E
X, f w Ty
=0l L - =
e, T TR R

AN o, & 23 9 8, B, 20 9 e9AF, 7, =

© 23 WA FA, ¢t

Table 8o A3}

Y

Table 8. Conceptual design results of spar

23t e
R CEVEREFEERPEELRD

(41)

(42)
Aed, ¢
4% e e

Station Spar flange Plies
Station 1 (Root) [ (£45,0,90)10 Is 140
Station 2-1 [ (£45,04,90)6,%£45,03 1s 94
Station 2-2 [ (£45,04,90)4,+45 s 60
Station 3-1 [ (£45,04,90)3,£45,0 1s 48
Station 3-2 [ (£45,04,90)2,£45,00 Is 36
Station 4-1 [ (£45,04,90)2 Is 28
Station 4-2 [ £45,0490 Is 14
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2L Av FAAe; A3 lo] A AdE wdor Bl Astd 231
Tl #gets Ad BEE ateste] of (U3)A ¥ (44)A & ol&sted 23
HogrE BAe] A 358 Adtets e R 58 S mE ASeE 27
A6l =71 AA S S H=e agste] AAE wgstolof st ft
22 Y-S ST A AA DACA HEe Fdste] HRAEE dsta HFE A
EQA grxm MAS7] flstel 27 AA dAA e FES aLHskA S
Table 99= {4 FE= HAIeAt

QL—Q1, QL,—QJl,.
Iy‘[z o Iyz Iy‘[z Ty
Taliow & (44)

Fig. 19 Shear flow of skin and spar web

Table 9. Conceptual design results of skin

Station Skin Plies
Station 175-1 [ £45,,0,90,+45; Is 20
Station 5-2(Tip) [ +45,0 s 10
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A5 R BT HA AN 2 F= FHA

al =
[18]. A A 2 =31 dAFolM w2 &30 &l
=4 s A Fig. 202 #32a e 9 A" A Eae HoFa 9,

Table 102 7234 Z23& HeERRATH

Stations
Station 4
Station 3

Station2

:;:i' :;-Statiom

Fig. 20 Mesh generation of the first modified blade

Table 10. Structural analysis results of the first modified blade

Analysis results

Skin Compression stress 55.7 MPa
Tension stress 199 MPa
Spar Compression stress 50.3 MPa
Tension stress 132 MP
Displacement 24 mm

First buckling load factor 2.67
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A 2d 2% AA AA 2 72 94

o AFolA 12 2 AA E A ARE 24T F Bdols dd B9 A
A FEATI7] flste] 29 FAS Edols A FAMA A FSHE FHE T
Z @e WAste] 22 AAE s B3 WA Fxde fA-TE

WS Aorsly] flste] ¥ S Fx Bl AFH AL Woks 53
ueba EE s Aol ARERE AR} s TR el Z= <
e 72 AA AdE AEsta 72 dH S FHsAH 5
Ayl 8 HAHA I X 7to] W= 47FA] A-2A 7] A9 betaddbl,
beta43.51max, beta48.34, betab3.18 & A=t F+x &4 AxE AES A
case 2,3, 4 A% AMA o7 Seo] =& Aoz FAEHT wpa] Byol=i 3
Aot 7x2E2A J2 798 55 L8 o A4 ASgolM s - o A
A Aol aFH e Aoz EAHAY Fig 212 /A" Egol= v 2 7y
S HFa o Fig 228 Az A4 BH5S Table 112 Fx84 A48 w1

oft
o

2
M
o

Foam spar

Fig. 21 Deformed configuration of blade
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Station &

Stationd

Station 3

Station 2

Station

Fig. 22 Mesh generation of the second modified blade

Table 11. Structural analysis results of the second modified blade

Case 1 Case 2 Case 3 Case 4
Compressive 35.2 MPa 367 MPa 373 MPa 424 MPa
. stress
Skin -
Tensile 39.5 MPa 174 MPa 180 MPa 209 MPa
stress
Compressive 95.6 MPa 360 MPa 361 MPa 283 MPa
stress
Spar Tonsl
enstie 277 MPa | 277 MPa | 271 MPa | 431 MPa
stress
Displacement 53 mm 174 mm 3.3 mm 207 mm
Buckling Lst 100 15 30 4
load factor 2ond 132 21 35
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A3 A 32 AA AL R F=E AY

1274 T2 A4 A%E BA/MES A3} 0Fd 28 343 F, AY FPIA =
o gHol BEso] 33 P2 A WAL Fal AF Fx A AdE 2Ean
34 AA MAANE Beol= He] B9 45T FANA T 4 23 4L AR
8 stol Agst AAE FABL Tx FeUe 23 P2 WA WS AA B
d Y A% FAY TR} FAR FU HF AHSAT Fig. 238 AR5

Station 5-2
Station 5-1

Station 4-2

Station 4-1

Station 3-1
Station 2-2
Station 2-1

Trailing edge
Station 1

Fig. 23 Mesh generation of the third modified blade

Table 12. Structural analysis results of the third modified blade

Station Spar flange Plies
Station 1 (Root) [ (£45,04,90)10 s 140
Station 2-1 [ (£45,04,90)6,£45,03 Is 94
Station 2-2 [ (£45,04,90)4,+45 s 60
Station 3-1 [ (£45,04,90)3,£45,0 Is 48
Station 3-2 [ (£45,04,90)2,£45,02 s 36
Station 4-1 [ (£45,04,90)2 Is 28
Station 4-2 [ £45,04,90 Is 14

Station Skin Plies
Station 175-1 [ +452,0,90,£452 Is 20
Station 5-2(Tip) [ +452,0 Is 10
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Fig. 24 Spanwise stress distribution of skin (1st ply)
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Fig. 25 Spanwise stress distribution of spar (23th ply)
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MSC Patran 2006 12 08-Now-11 106926 4 45001
Fringe: tsal SUBCASE 1, Fadure Indices, Ply Indces (TSAWU) | Layer |

default_Fringe
Mz 4 48-0071 E&Na 2603
W <2 B6-001 @Nd 3

Fig. 26 Structural safety of skin based on Tsai—-Wu failure criteria

MEC Patran 2005 r2 08-Nov-11 105565
Fringe: tsal. SUBCASE 1. Fadure Indices, Py Indices (TSAIMWU). . Laye 23

fa 3 67-001 @Nd 1160
M =1 93-001 Did 406

Fig. 27 Structural safety of spar based on Tsai-Wu failure criteria
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© (HON-LAYERED)

defaun_Frings

Max 4 21-D02 @Hd 539
Min 0 @Nd 13071
defaut_Deformation

Fig. 28 Deformation of blade structure

2. &=F Y

gz A A 13 REf F ot vl 4801 22k bhEA ok FE
o] AT Aoz HEHAY. 7]l k% wi(Load factor)@ dA| 2H-&sk= 3f
<ol o] e Wk sld R Huo] BATE st AomA Fo|%l dhFl
el T2zl ol i dHAS vEble dF9 ddAlolH Fig. 29+ &=

Aol os 12 m= P4 2 sF wjSeolt).

Fig. 29 First buckling mode shape
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Fig. 30 First flap mode shape

Fig. 31 First lead lag mode shape
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Fig. 32 First torsional mode shape
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Fig. 33 Campbell diagram of the designed blade
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A5 A BFE} 7= AA B

2 oATelA Edol= AR 7x AAE 9 A8 27-29-F% H=9F
(Skin-Spar-foam sandwich) 7% A1 A WekS- 3

A7} 19kg olRovt Bdol= AA K9 Hz
g Eol= Fx PAS Fig. 349 Step 29 o] WA AAE MA3A

A3k FAE 26k 74X IO WekA 2skE woh AR Sl o) gow B
AT Belol= Pl ¥ mvk A35E AT Beols Por 454%
At st AAT A3t AF Eelol o] FAE BhgoE FANYOY, AA) F§

FAEATH14] webs dE3te Edol=

stel Edol=e] FAE 27kg Q1 AR g

oF vl wj oF 15% A&t Honz 2 AT oA A BHol= Fx A

A 1WAt dAo 48T 4 & Aoz dddr) Table 24% @A FA
gol=¢t FAE Blag Aol

w7 H4s HElR e Table. 25+ 4-83kd
th Fig. 34= @AA = AA 94 s

Table 13. The weight reduction depending on three-step modified structural design

Item Weight of blade
First structural design 19 kg
Second structural design 26 kg
Final structural design 23 kg

Table 14. Comparison weight between commercial and developed blade

Item Weight of blade Reduction ratio
Conventional blade 27.3 kg
151 %
Designed blade 23.7 kg
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Fig. 34 Flow of structural design modification
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A6Fd d2FH A4 R &4

Edol= 94 F9= Edol= 3o 9% A" &9 stz o 7R
E g HE9 EUEE delste & 2 1ad AS ol g 7]EA QD Aol &
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NAE 1A S ALstat
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Fig. 35 Force vector on a joint

Table 15. Mechanical properties of materials : SAE J2340 - 1200M

Modulus of elasticity E 210 GPa

Shear modulus of elasticity G 80 GPa
Poisson’s ratio 0.3

Yield strength 1.2GPa
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MA A% A7e] 96mm = MA 0w, Fig 37 A4 A% 2dY
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Fig. 36 Sketch of the joint

Fig. 37 Mesh generation of the joint

Fig. 38 Stress contour of Joint and blade
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Fig. 39 Complete manufactured prototype blade

_43_



_44_



el

A

£ o]

15.

E]

W 23

—
R

10.

L

e

11.

_45_



_46_



_47_



A 84 BFAZ BHo= T2 AY

A1d Fx A8 Az

TEAELE T2 AA B iAol o 2" AHS Wl o) AlzE AAE E

A ZeAe Beo|=E Algate] A4 £A Fol dehle dEEe A9dow
zedejo] Flete] 2 $9lo] ~EHAS SAG L, 7 sho] o @ W BL ZHH

ohoES ZRAe s fAA PREEA Q% Aok W] 1k AF
i

Measure weight & Measure natural
frequency

|

- Bond strain gages with proper adhesive
- Install displacement gages

v v

Data acquisition such as strains, loads
and displacement of each step loading

] ]

Fix horizontally the blade on the test rig Stop thetest at last loading point

i 4

-Visual inspection
- Evaluation & Documentation

{

Finish the static strength test

Apply the loads at first loading point

Install loading fixtures

Calibration of measuring equipments

Fig. 40 Structural test procedure of propeller
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Fig. 41 Static test system

Table 16. Specification of the static test system

Hydraulic system
tank 3. 7kW x 60liter
gear pump 712.3
prop. relief valve PMV41-41-24
cylinder 63xA40x100st
pilot check valve RH1
Control system
plc controller PLVC/X/1/PMW/1/PMW
pressure transducer DT2V-100
stroke sensor LWH-100
load Indicator SM210

Table 17. Specification of the natural frequencies test system
Compact DAQ Academic Bundle with LabVIEW Academic

cDAQ-9178,
Premium Suite
General Purpose Shear Accelerometer, 10 mV/g
Modal Impact Hammer, 10 mV/lb
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Table 18. Comparison between measured and predicted natural frequencies

Mode shape

Analysis results

Test results

First flap mode

79 Hz

85 Hz

First leadlag mode

126 Hz

135 Hz
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Fig. 43 Static strength test loads using 3 point loading method

Table 19. Simulated design load for static test

Loadin - - c
ointg (0.9m point from | (1.2m point from | (1.5m point from
B blade root) blade root) blade root)
Loads [kgf] 200 300 160

Edol= A4 31 AlRS ddte]l Edol= Akl zz 3 AA F 6 AR
E Alo|AE F-Fsddrt. ~EHQ] Aolx] A & Fx AlF Fulo] nAH
Hpo] ol E#lo]=& aAgetal, A 7 x st AE ARlE st 3 Al
Table 19l A g st5& &kt stsS Edol= e Tl
H &aA o2 A&kt Fig. 412 7% nE5S
H, Fig. 422+ 72 AN @& &3 WY& g2lst= FA ot Table 202> A3 A4 3
A Aufel W 4 ~EYAY 54 W9 2~

1m
&
o
Lo
5
_&
N
M
%0
o



- bfore -

- after - .

Fig. 45 Deflection configuration of structural tested blade

Table 20. Comparison between predicted and measured strains and tip

deflections
Item Analysis results Test results Error (%)
Tip displacement 42 mm 44 mm 4.8
Upper and lower surface -56uS -67uS 6.8
strain at A point +221uS +236uS '
Upper and lower surface -109uS -1291S 105
strain at B point +1911nS +2111S
Upper and lower surface =273uS -297uS A1
strain at C point +560uS +583]uS '
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