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Contact stress calculation and static strength analysis of
zig-zag shrouded blade
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Abstract; The “displacement extraction method” was proposed to calculate the contact
stress of the zig-zag shroud contact surface according to the convergent displacement of con-
tact surface. The contact stress can be obtained accurately with the surface mesh size of
0. 202mm, and the maximum value was 453. 48 MPa. The stress level and torsion degree of
the shrouded blade under different conditions were analyzed. The stress level increased with
the increase of initial installation tightness, and the blade torsion angle increased with the in-

crease of centrifugal load. According to the relationship between the load on the contact sur-

Y fm B H#A :2019-10-31

EB T B (1967 —) 4 BF5E B L 1, 30 IS0 25 2 S WL 48 30 1 55 M 38 3 T 5

BASIEER (#1986 —) Lo PRI 14, 32 38 ST ZS % 3 HL IR 30 2 45 ) b B T2 07 T R BF 5
E-mail:dshj0321@163. com

SIRE K AT 75 . i T i A A I SR R Ml B B B i R A AT LD . %S Bl ) 2 4. 2020, 85 (4) : 732-743,

SHEN Xiuli, GAO Pengxin, DONG Shaojing, et al. Contact stress calculation and static strength analysis of zig-zag shrou-
ded blade[]]. Journal of Aerospace Power,2020,35(4);732-743.



4

B 5 0 46 < AT 4R 147 T8 I I 1 Ak R B B e R 0 A 733

face and the torsion angle, the compressional rigidity and torsional rigidity of blade were ob-

tained. The compressional rigidity was much higher than torsional rigidity, so the stress of

blade body restricted the stress of contact surface. It was proposed that the average contact

stress of shroud should not be greater than 40 % nominal yield limit and the equivalent stress

of blade body should not be greater than 75% nominal yield limit as a criterion for the static

load strength analysis, and the shrouded blade model of 0. 127 mm initial installation tight-

ness can meet this strength requirement.

Key words:

turbine blade; zig-zag blade shroud; contact stress;

tightness of contact surface; static strength analysis
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Table 1 Material parameters of blade

1/ — SRR/ IR EY R
C GPa 10°C"  60./MPa
20 0.3 199 815
200 0.3 190 1. 256

500 0.3 178.9 1.675

600 0.3 175.2 1.716 630
700 0.3 168. 8 1.842 610
800 0.3 161.7 2.051 670
900 0.3 154.6 2.261 430
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Table 2 Finite element calculation results with different mesh sizes

R T 3 A% e R AZ fi T X 5 R o 2 Mk T e K T X A R o
RS/ mm RAf/mm )i J /MPa HIXE 2206/ 7% fii#%/mm HIXE 2206/ 7
1.0 1.0 313.45 0.34320
0.5 0.5 264.74 —18.40 0.34319 —0.0029
0.5 0.25 394.29 32.86 0.34317 —0.0058
0.5 0.125 502.70 21.57 0.34323 0.0175
0.5 0.0625 777.09 35.31 0.34324 0.0029
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Fig. 8 Two-dimensional plane stress contact model
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Table 3 Calcuation results of two-dimensional model

ol A Rt/ B B fi oL 3 % ST B 1) I v by 16
mm ¥ 71/ MPa 2AE/ % w /1072 mm  MIMZEM%  w,/107 mm AR EMHEY
1.0 4.06 —1.505 —3. 546
0.5 4. 64 12.50 —1.495 0.67 —3. 545 0.03
0.25 5.39 13.91 —1.505 0. 66 —3.549 0.11
0.125 8. 34 35.37 —1.517 0.79 —3.546 0.08
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Fig. 9 Photoelastic test results of two-dimensional contact model
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Fig. 11 Illustration of blade measuring point

and blade twisting
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Fig. 17 Contact stress distribution on contact surface
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Table 4 Torsional deformation of blade shroud under

different loads
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Fig. 20 Circumferential deformation under centrifugal load
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Fig. 21 Variation of shroud twisting angles with rotation

velocities in free and contact conditions
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stresses with rotation velocities
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Fig. 25 Illustration of measuring point of blade

shroud contact surface
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Fig. 26 Variation of normal deformations of contact

surface with loads applied on contact surface
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Fig. 27 Variation of twisting angles of blade with loads

applied on the contact surface

(=]
-

B R BEEHIEE £ /(rad/m)
N
/

i

|
~

FIHE/(N - m)
B 28 b R B K R G A B T AR B AR 4R

Fig. 28 Variation of twisting angles per unit length of

blade with moments
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Fig. 29 Variation of maximum equivalent stresses of

blade with loads applied on the contact surface
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