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Simulation of crack growth rate in T56 jet engine compressor blade using Raju-
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ARTICLE INFORMATION ABSTRACT

Compressors and their blades are one of the most important parts of gas turbines. Based on recent
reports, failure of compressor’s blades was one of the major causes of malfunctioned T56 gas turbines.
In this study, propagation rate of a crack within the compressor blade of a T56 jet engine has been
investigated. To this end, centrifugal and aerodynamic forces acted upon the blade have been calculated
and their corresponding stress field has been simulated in ANSYS software. Spots at the maximum risk
of foreign object damage and corrosion had been located, and their bending and tension stresses had
Half elliptical crack been calculated via employed simulation. Subsequently, an initial half elliptical crack has been created
Crack growth rate on all of the previously located spots, and their stress intensity factor using Raju-Newman method has
Fatigue life been determined. Finally, by using Paris law fatigue life and crack growth rate of each crack has been
extracted, individually. Results indicate a drastic decrease in fatigue life of blades when crack is located
close to the blade’s root. Furthermore, cracks located on the suction surface have remarkably shorter
fatigue life than those which are located on pressure surface, in comparison.
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Table 1 Technical Specifications of T56 engine
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Table 1 Mechanical properties of 17-4 PH (H1100) stainless steel [20]
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Fig. 3 tension Stress (a,,) distribution (MPa) due to centrifugal
force a- on suction side and b- on suction side

S35 G 3 sl (Kb Ke ) () (o225 285 2595 3 S
©)Lid mhaw (55, -0 5 (S0 s (59, Al 5 50

Vea = U = Vg, -tan B, = 8631 ? “
Ble Cwd & 1BA2N b ol (1) abaly 51 Jleel gy ams jo
gl » Jlesl 6950 memd 5l on p oo)ly (Sealiogpl jlad colysyo

23

Fig. 1 fatigue loading on compressor blades
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Fig. 2 blade geometric model, displacement boundary conditions and
1c, 2c and 3c locations on the pressure side and 1x, 2x and 3x locations
on the suction side of blade
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Fig. 6 bending ( gy, ) Stress (MPa) distribution induced by
aerodynamic force at left deflection, a- on pressure side and b- on
suction side

o & o S50 (JRlyKe o ) (Oyb) (ios A5 )95 6 S

gl 5 mo s )l gl 5y~ (Sealidgnl 9 5l AU o
5yl cpliaeas #) bl jo eadol sl s Jl o Ss deS e
A5 bl anlie s putn A5 )3 0p p Jlesl slais anlis
G Labd 5l gan sezy Ll sl spe S 5 oy el
WALS oy g (SO oy () bl 005 wile (bl
9 2l sldl 3,65 s o )13 glasdleon | oy (139 (el 0)lge
32 il 5 Sgbioe o i 3 S ) bl o Ysane (50,5
oy 5> S g g 00,5 0y gy 4 Jlesl sle i Cos S

11 o plads 17 0,93 1396 cyais « yw)e SilSe o ditco

(5) alaly Sjge a4 wyls A= 260 mm? Ly xles o5 oy (o lis
'QB*ZLSA 41*&L?Ln

F,  13.12
= . = E
Py =~ = —z5- = 0.05 MPa = 50kPa (5)

S 58 55 05 w0 gl Glogh D50 4 el cews @y La3 Jlesl L
G Glae gdige 03 Gz g Sl G 45 JSS Billae (5135 L
6 Gl St jo (o286 5 g)lad mhaw 90 2y Glog Jies (nl jl alol>
o Caom Ay e 50 098 o dlamde aF jeboles Ll ool 03,51 7 4
SLIs 5 (o35 gl 5 Cute (Typ) (s slois cod 5 LaS e
M Gy Cuas 4 Glad (0 5 and (pl (WS g e phes AT
Jlocl 51 56 Sl bl a5 590 alisdle 7 6 (slo St llao .o
w59 P A Cly g o S 4 eS8 (Sealudg pl (5950
ol ol s e & wld sl 43 58wl L 5 (5 ,L28 wlas alos

Sl (i BB el o awain 13 13 35290 gy 9 0> @ Az L

S D o Al -4

g 009 ol 00)ly i Blis ;0 a5 Wsdi s (2l 555k o)lgen Laoy

Entry Velocity
Triangle

Rotor Blades

Exit Velocity
Triangle

Fig. 4 velocity triangles at inlet and outlet of rotor blades [21]
[21] 03y 255 5 59935 o slocdind JSC

Left
Deflection

Suction Side

Right
Deflection

Pressure Side

Fig. 5 Blade deflection due to aerodynamic forces
Syl Slogi 550 5l cod 0y alrale 5l alei B S

24


https://dorl.net/dor/20.1001.1.10275940.1396.17.11.54.4
https://mme.modares.ac.ir/article-15-12375-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.11.54.4 ]

Sk pgadaclowl KUl 9 (FSLLL LS ) sael

o95— 930 S5 dous gy 0Ll by T56 n Hgige Jgm y4eS 09 ) I )5 Sub) (5 )lwdguds

oy g >, sbdl 55 Sl 50 0y onile Bl e anulxe (gl p
2 aS 1oy 5l lolKa[8,6/4] goose Dlool 5l eolatul b (o6
Ot oyre 5 oS (bla Wload awbre S5 al, Fy g e bW
5 Comdge olped 4 3 Jodz 40 dliwa sabol saudy g0 5l oBb ol
St sied s (5 5l 25 o 5 (BL) (88S slai lade
locesdse rzmen wiload ooyl ool ly (Seoludgnl 5
Wloads las 552 S )0 (6,lad o (59, 0l S

Jgaz 50 ealol la e jo sl a5 canl &0 iy LIS dwlol wig,
s b a0 12 0 oS 5 ol s g 00l Jow (sgan o SloS 5 3
Gazg bad, jla> e o 50 wlead cols al;y wigd 0y JolS Sl 4
5 oSl LU Cad ol o oad ools sla i g dgzge S5 ojlall
IS olass )by alasly sl oolatnl b culys [ ailoads dwlrs ponives
olass ggoze jloy yas g ool Al dl> oy 0 S5 Al gy Y
\)9...1‘54 oo)ji Cewddy 03 A.u-:l?u 6L®Jiud

Sy S T Cud g dle lp egs -9y Jo 14
S ot S Joldb e amdo
SAd cupd dle sl |y Slabal, [22] g g 52, 1981 Lo o
e S5 Jald g (phed g (AT T Lo adbe S 0 ol e S
wssls &1l (6) abal; & )j90 48 IS Gillas orbaw (g

aa ¢
?'Z'W"”)

m] \/‘\m Im

N

K; = (oy + Hay) T[%F( (6)

z2 ¥
2c

2w

/<<\\\\\\\ y

()
Fig. 8 a- Raju-Newman problem and b- Shape of crack front and
parameters used in Raju—Newman equations [22]
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Fig. 7 bending ( oy, ) Stress (MPa) distribution induced by
aerodynamic force at right deflection, a- on suction side and b- on
pressure side
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Table 4 Computation of Raju—Newman equations parameters to determine stress intensity factor for crack placed on 1c location

H, Hy Gy Gy p M, M, M,

Job i ol
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116
118

Q clw alt alc ¢ (mm) o 5 a sy s,
(mm)
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1.061 0.786 0.947 0.146 6 0.877 11
1.051 0.917 0.99 0.131 7 0.917 12
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Table 5 Computed Stress intensity factor for a crack placed on 1c location

AK

(MPayT) (Woa)  (aaym) F H fu g o 28 Jolre
38.440 28.369 66.809 1.107 0.883 1.000 1125 0912 1
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Fig. 12 Variation of maximum stress intensity factor for different crack
length at 1c, 2c and 3c locations
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Table 6 Paris constants for 17-4 PH (H1100) stainless steel at different
stresses ratio (R) [24]
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Table 7 partial (AN) and total (N) number of fatigue cycles for growth of crack that placed on 1c location
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- - 0.088 0.4 0.25 0.6 1
10480297 19480297 0.090 05 0.338 1 2
34352146 14871849 0.118 1 0.428 15 3
53865490 19513344 0.057 1 0.546 25 4
65414433 15548944 0.052 1 0.603 35 5
74254234 8839801 0.064 15 0655 45 6
84464755 10210521 0.03 1 0.719 6 7
89129660 4664905 0.03 1 0.749 7 8
92814328 3884668 0.054 1 0.779 8 9
98390237 5575909 0.044 2 0.833 10 10
101160960 2770723 0.040 2 0.877 12 11
101181786 1020825 - - 0.917 14 12
9 3C lacusdas) aly) 5l yie oo 6 alold )5 jee oS ()90 4 b o Al
ox e 3 VL Shasles S alols b (A5 5l i 1 10 0 Bx gy = CAK)” @3)

S929 45 duad g5 o jloges g0 anslie ol (IX gle slacuxdse)
e oo a5 1) jes Dud 4 (g)lad mhav 4 S (S a0 S 5
FoS plp A lagas o] (15 mhaw ;5 (S5 0925 Bl )0 op e 5ysb &
@l g alie jshite 4 Cul o] (65L88 s 5 S5 les 2525
3 ads jobay CusBae 2D a0 SIS 392 lnoon 2l e

RO AW oo”T 8 Jgo=

Crack lenght 2¢ (mm)
I~
o =) » o

8
6
4
2
0

10E407 1.0E+08 1.0E+09
Life (cycle)

Fig. 14 Crack growth rate for cracks places at 1c, 2c and 3c locations
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