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Simulation of crack growth rate in T56 jet engine compressor blade using Raju-
Newman method
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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
been calculated via employed simulation. Subsequently, an initial half elliptical crack has been created
on all of the previously located spots, and their stress intensity factor using Raju-Newman method has
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

T56 550 6 lasinl Jgus

89955 sled S S L] SPv ilygs e N
T~ Ol L ko) p m) s M Jsb £
©) )8 Sl kgls) 55,5 KW) (rpm)
860 9.25:1 145 3915 13820 880 0.69 3.711 Flree

[20] 17-4 PH (H1100) (558 5T (Sl olss 2 Jgor

Table 1 Mechanical properties of 17-4 PH (H1100) stainless steel [20]
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13.0244
44,2936
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Time
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(b)
Fig. 3 tension Stress (a,,) distribution (MPa) due to centrifugal
force a- on suction side and b- on suction side
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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 (g, ) Stress (MPa) distribution induced by
aerodynamic force at left deflection, a- on pressure side and b- on
suction side
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Fig. 4 velocity triangles at inlet and outlet of rotor blades [21]
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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

0.643 0.883 -0.008 -1.32 1195 -0.174 0.321 1.055
0528 0.848 0.028 -1.301 1.095 -0.254 0.475 1.069
0417 0813 0.063 -1.288 1.047 -0.319 0.614 1.078
0291 0771 0121 -1.272 0.99 -042 0857  1.09
0251 0.753 0.172 -1.261 0935 -0.504 1.094 1.098

0216 0.736 0.207 -1.254 0915 -0.558 1.272 1.
0.178 0.715 0.245 -1.248 0.905 -0.604 1.484 1.

103
108

0.166 0.705 0.266 -1.245 0.899 -0.614 1609 1.11

0.153 069 0282 -1.243 0899 -0.606 1714 1.
0.133 0677 0308 -1.239 0.906 -0.548 1.887 1.
0122 0662 0328 -1.237 0914 -044 2031 1
0.113 0649 0343 -1.235 0925 -0.298 2148 1.

112
115
116
118

Q clw alt alc ¢ (mm) o 5 a sy s,
(mm)

2.083 0.039 0.269 0.833 0.3 0.25 1
1.767 0.065 0.365 0.676 05 0.338 2
158 0.098 0462 0.57 0.75 0.428 3
1373 0.163 0.589 0.436 1.25 0.546 4
1252 0229 0.651 0.344 1.75 0.603 5
1191 0294 0.707 0.291 2.25 0.655 6
1138 0.393 0.776 0.239 3 0.719 7
1.115 0458 0.808 0.214 35 0.749 8
1.098 0524 0.841 0.194 4 0.779 9
1.076 0.655 0.899 0.166 5 0.833 10
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

(MPayTT) (Woa)  (aaym) F H fu g o 28 Jolre
38.440 28.369 66.809 1.107 0.883 1.000 1125 0912 1
44.822 35.349 80.171 1.064 0.849 1.000 1.146 0.822 2
51.112 43.135 94.247 1.063 0.814 1.003 1.174 0.755 3
60.184 55.264 115.449 1.091 0.771 1.010 1.221 0.660 4
65411 62.190 127.602 1.102 0.754 1.022 1.248 0.587 5
70.959 69.848 140.807 1.144 0.737 1.040 1275 0.539 6
79.823 82.105 161.929 1.237 0.715 1.081 1311 0.489 7
85.910 90.149 176.059 1.309 0.706 1.120 1.328 0.462 8
93708 100.41 194.124 1.409 0.696 1.172 1.347 0.441 9

116518 129,802 246.320 1.723 0.677 1.336 1.383 0.408 10

159032 180932 341.965 2.327 0.663 1.666 1.413 0.382 11

285.861 338.801 624.663 4157 0.649 2.709 1.443 0.361 12
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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]

R=0.67 R=0.3 R=0.04 ool
3.2 3.22 3.245 n
2.52@10713 1.12@10713 4.9601071 C
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Table 7 partial (AN) and total (N) number of fatigue cycles for growth of crack that placed on 1c location

J5 IS olass Slr p¥ IS olass JESp— AZe {mm) a S s 2 S5 Jsb s, ol
Ny (AN) 8y 5l ad> 0 12 (mm) (mm)
- - 0.088 0.4 0.25 0.6 1
19480297 19480297 0.090 05 0.338 1 2
34352146 14871849 0.118 1 0.428 15 3
53865490 19513344 0.057 1 0.546 2.5 4
65414433 15548944 0.052 1 0.603 3.5 5
74254234 8839801 0.064 15 0.655 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
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