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Fig. 1 Profile image of the model of the blade and groove(unit: mm)
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Fig. 3 The phase-shifting image of isoclinic in 0° direction, the images in status A,B,C,D are

in turn from top to bottom, and the images in 0°,45°,90°,135° are in turn from left to right
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Tab. 1 Stress concentration factors of the data points at different contact statuses

(with maximum value in each column underlined)

RE A R B REC RED
] 7e f 7 f 7 f /e f
1-1 1.85 0.75 1.62 0.98 1.23 1.08 1.21 0.93
2-2 1.57 0.98 1. 50 1.09 115 1. 10 1.26 1.02
3-3 1.38 1. 34 1.17 1.08 1.02 1.01 1. 14 1.15
4-4 1.57 1.76 0. 96 0. 88 0. 99 0.98 1.22 1.07
5-5 1. 85 1.98 0. 81 0.79 0. 94 1.01 1.27 0.98
6-6 0.97 1.08 0. 82 0.75 0.99 1. 24 0.96 112
7-7 0. 58 0. 68 1.59 1. 30 1. 14 1.17 1.05 1.28
8-8 0. 46 0. 39 1. 41 1.29 1.27 1.24 1.35 1. 50
9-9 0. 47 0. 43 1.26 1.48 1.02 0. 99 1.43 1.84
10-10 0. 65 0.53 1. 60 2. 32 0. 94 0.95 1.45 1.58
11-11 112 1.22 2,15 2.13 0. 90 0. 90 1.18 1.27
12-12 1.13 1.21 1.31 1.21 0.96 0.98 1.09 0. 86
13-13 0. 59 0. 88 0. 87 0. 94 1.06 1.06 1.27 1.06
14-14 0.53 0. 68 0. 45 0. 54 1.34 1.19 1.25 1.09
15-15 0. 50 0. 59 0. 50 0. 57 1.17 1.10 1.10 1. 44
16-16 0.53 0.61 0.53 0. 59 1.05 1.30 1. 10 1.38
17-17 0.54 0. 62 0. 74 0. 82 1.18 1.18 1.41 1.32
18-18 1.00 0. 86 0. 86 0. 61 1.18 1. 14 1. 40 1.33
19-19 1.01 0.95 0. 61 0. 61 1.00 0. 90 0.98 0. 87
20-20 0.53 0. 83 0. 48 0. 62 0. 84 0. 83 0.77 0. 74
21-21 0. 47 0. 55 0. 49 0. 62 0. 74 0.70 0.71 0. 74
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Fig. 7 Stress concentration factors of the data points at different contact statuses
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Tab. 2 Clearnce between pairs of teeth in different contact statuses (unit;mm)

REA REB R&C RED
i & XK XK XK Ze pagil]
I ¥ 0 0.05 0 0.05 0
I ¥ 0.05 0 0 0.05 0
I 0.05 0.05 0 0.05 0

P 7 Dy W AR S g 2 47 L IRT H R g o3 A 1 0 B B v DX S 6 9 2R — B, e 4% R i X e
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Tab. 3 The peak values of principal stress difference of the contact areas(unit: MPa, with maximum value underlined)

RE A RE B R&C RZED
(DAL i % iR sl iR SR iEGE SR ECEH SR
1 8.21  7.99  5.24  5.89 6.3 6. 42 6.39 7.34 5. 37 6. 69
I 5 3.61  3.87  8.91  7.99 5.6 6.63 6.77 6. 34 9. 07 8. 65
Il ¥ 2.65  3.13  3.20  3.28  7.98  7.42 4.68 5.48 5.43 6. 10
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Fig. 8 The simulink contour map of the principal stress in different contact statuses
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Tab.4 The peak values of the SCF in different contact statuses

& RE A REDB RE&C RED
T 2.87 1. 90 2. 65 3.42
I ¥ 1.73 3.13 2.92 3.75
Il #5 1.78 1.72 3.22 2.19
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Fig. 9 The contour map of the lateral displace in status C and D
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On the Effect of Contact State on Stress Distribution
in Turbine Blade Root Wheel Groove Area

YUAN Mu, YAO Jun, CHEN Ju-bing

(Department of Engineering Mechanics, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Contact state change in the area connecting blade root with wheel groove in steam turbine
due to machining error and wear etc. may change the stress distribution of whole area and thereby
greatly reduce the service life of steam turbine. In this paper, stress distribution in the area connecting
long blade root and wheel groove was experimentally measured in different contact states, based on
digital photoelasticity technique, and FEM numerical simulation. Results show that when blade is
symmetrically contacted with wheel groove, all teeth contact simultaneously, the stress concentration
factor is the smallest and its distribution is uniform. But when gaps exist between parts of teeth, the
contact state changes obviously, the stress concentration factor increases greatly. Especially, when
the left and right teeth contact asymmetrically, the maximum stress concentration factor increases
obviously and the stress distribution is nonuniform. Above results can be helpful to optimization of
design, processing, assembling and maintenance of blade root and wheel groove in steam turbine.
Keywords: digital photoelasticity; blade root wheel groove; contact state; stress distribution; finite
element method (FEM)



