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o 13 /10000
1 ( MPa)
Tab. 1 Maximum equivalent stress of the rotor ( MPa)
(1/10000)
/kN 5 7 9 11 13 15
0 139.743 195.641 251.538 307.436 363.333 419.237
25 139.925 195.796 251.692 307.591 363.475 419.364
50 140. 119 195.937 251.837 307.738 363.639 419.541
75 140.436 196.325 252.103 307.924 363.792 419.697
100 140.881 196.616 252.364 308.113 363.924 419.824
125 141.524 196.973 252.721 308.463 364.241 420.112
150 141.889 197.396 253.116 308.861 364.614 420.358
175 142.653 197.742 253.502 309.287 364.923 420.769
200  143.142 198.409 253.918 309.623 365.362 421.107
225 143.961 198.916 254.471 310.135 365.753 421.437
250 144.586 199.631 254.939 310.439 366.129 421.861
275 145.217 200.254 255.528 310.872 366.547 422.278
300 146. 106 200.966 256.133 311.461 366.965 422.643
2.3
5 C1.C2.C3.C4 G5
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Fig. 4 Maximum normal contact stress

on various contact surfaces
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Fig. 7 Maximum normal contact stress on

the contact surface C3( MPa)
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Tab. 2 Bending stiffness of the rotor

/ (108 N/m) 1%
5/10000 1.57301 11.76398
7/10000 1.62320 8.94863
9/10000 1.65580 7.11998
11/10000 1.67796 5.87694
13 /10000 1.69305 5.03049
15 /10000 1.70631 4.28668
1.78273
2 7/10000—
13 /10000
10%
3
3
3 9/10000
3 9
309 1.
2 3
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7/10000—13 /10000
o 7/10000—
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Tab. 3 First three — order intrinsic frequencies of the rotor

/ 1 2 3
5/10000 340.16 460.43 1302. 4
7/10000 340. 86 460.73 1316.5
9/10000 341.30 460.92 1325.4
11/10000 341.58 461.04 1331.3
13 /10000 341.79 461.13 1335.6
15 /10000 341.94 461.19 1338.9

342.51 461.43 1350.9

B9 #TFHkEa

Fig. 9 Bending vibration modes of the rotor
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frequency modulation on the dynamic thermal characteristics of the supercritical steam turbine was studied. By using
a method combining the lumped parameters with distribution parameters a dynamic mathematical model was estab-
lished for the units and the static and dynamic characteristics of the units under various operating conditions was an—
alyzed with the law governing the influence of the load disturbance and parameters of the control system under dif-
ferent operating conditions on the flow rate of the units pressure and temperature after the regulating stage and tem—
perature after the reheater being obtained. It has been found that with an increase of the load disturbance whatever
the units are in constant pressure and sliding pressure operation the percentage overshoots of various physical quan—
tities during the dynamic process are constant and changes of the temperatures in various HP IP and LP stages of
the units can be neglected. When the units are in sliding pressure operation under the condition of the temperature
at the outlet of the boiler being kept constant with an increase of the time constant in both flow rate-pressure link
and power-flow rate link any change in the temperature after the HP regulating stage is approximately 1.5 “C and
that after the reheater is about 0.2 °C. Therefore the influence of the primary frequency modulation on the dynamic
characteristics of the thermal parameters in the supercritical units under various operating conditions is very small
and will not affect the safety and stability of the units in operation. Key Words: primary frequency modulation su—

percritical unit constant pressure operation sliding pressure operation dynamic thermal characteristics

= Determination of the Axial Pretightening Force of a Distributed Type
Tie-rod Rotor ZHANG Qingdei CHEN YanHang CHENG Yi-yue ( College of Mechanical Engineering
Shanghai University of Science and Technology Shanghai China Post Code: 200093) //Journal of Engineering for

Thermal Energy & Power. —2014 29(5) . —477 —482

Studied was the method for determining the axial pretightening force of a distributed type tie—rod rotor when the con—
tact effect between the wheel disks being taken into account and analyzed was the variation law governing the maxi—
mal equivalent stress of the rotor maximal and minimal normal contact stress on the joint surfaces of the wheel disks
and the bending rigidity of the rotor under various operating conditions with the pretightening amount of the tie-rod.

It has been found that with an increase of the axial pretightening force of the rotor the rotor can transfer a growing
load and the deviation between its bending rigidity and intrinsic frequency and those of its continuum will become
smaller however the maximal equivalent siress of the rotor will remarkably increase and the strength allowance of
the material will markedly decrease. On the basis of the maximal equivalent stress of the tie-rod rotor normal stress
distribution on the contact surface the bending rigidity and the free mode frequency of the rotor obtained a proper
axial pretightening force of the rotor was determined. When the rotor sustains a shear load of 100 KN the proper

pretightening force range of the rotor will be 7/10000 to 13/10000 of the total length of the tierod rotor. Key
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Words: tierod rotor axial pretightening force bending rigidity finite element analysis

= Experimental Study of a Retrofitted Long Blade Used in the Last
Stage of a LP Steam Turbine KANG Lei YU Jiandeng WANG Chao ( CSIC No. 703 Research Institute
Harbin China Post Code: 150078) LIANG Yao ( China Electric Power Engineering Co. Ltd. Beijing China Post

Code: 100048) //Journal of Engineering for Thermal Energy & Power. —2014 29(5) . -483 —491

In the light of such operation characteristics of marine steam turbines as off-design operating conditions and a big
wetness in several stages before the last one dynamically optimized was the long blades in the last stage of a steam
turbine and air-blowing tests were performed of the prototype and retrofitted totaling two cascades on an annular cas—
cade test rig at three mach numbers at the outlet and at five attack angles. It has been found that with an increase of
the Mach number after the cascades the location of the lowest pressure point on the suction surface of the blades
will shift rearwards the pressure dropping section in the front half section of the cascades will become longer the
pressure gradient along the pressure dropping direction increase the boundary layer become thinner and the blade
profile loss decrease. The secondary flow loss on the outside end wall of the rotating blades after the retrofitting will
markedly drop and enhance the applicability to attack angles. The positive and negative attack angles will only affect
the static pressure distribution on the suction surface or pressure surface at the leading edge of the blades. At any
Mach number any increase in the absolute attack angle will all lead to an increase of the loss in the cascades. Key

Words: off-design operating condition long blade twisted blade wind tunnel test total pressure loss coefficient

= Study of the Contact Model for Joint Surfaces of Wheel
Disks on Tierod Rotors in Gas Turbines ZHANG Qingdei CHEN Yan-fang ZHAO Bai-yu ( College of
Mechanical Engineering Shanghai University of Science and Technology Shanghai China Post Code: 200093) //

Journal of Engineering for Thermal Energy & Power. —2014 29(5) . —492 —497

To establish a more accurate finite element model for tieod rotors of gas turbines studied were the mechanic con—
tact models for joint surfaces of wheel disks of tie-rod rotors. By using a spring unit to simulate the contact on the
joint surfaces of the wheel disks the contact models were improved based on the joint surfaces and the fitting curves
showing the relationship between the normal contact rigidity on the joint surfaces and the pretightening force were
obtained. It has been found that with an increase of the load normal to the joint surfaces the contact rigidity will be—
come bigger however after the normal load exceeds a certain value if keeping on increasing the increasing tenden—

cy of the contact rigidity will become slower. According to the fitting curves the contact rigidity value corresponding



