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A Method for Minimizing the Tightening Force Variation in a Single
Center Tied Rotor that Occurs during Operation of a Large Gas Turbine
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The large gas turbine rotor used for power generation has a structural characteristic comprising a shaft, disk, and blade
assembled to the disk. Because the start/stop is repeated, the tightening force may be reduced in the process of repeating
the tightening force between the tie rod and the disk. When the tightening force falls below the threshold, changing the
critical speed, increasing the vibration, or in extreme cases, the rotor may loosen and cause a major accident. Also, it is
imperative to continuously maintain the proper tightening force because the thread of the tie rod is damaged when the
tightening force exceeds the yield stress condition of the tie rod. In this paper, the gas turbine rotor system is modeled and
simplified to identify the control variable of the tightening force of the tie rod bolts of the rotor. For verification, a simplified
model of the gas turbine rotor was designed, manufactured, and verification tests were conducted to confirm the adequacy
of the calculation method. As a result, the tightening force decreased as the stiffness of the pressing disk decreased, so
the stiffness of the pressing disk should have a stiffness range similar to that of the tie rod.
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where, d(i) i-thdisk kap stiffness of i-th disk
Xai/Tan  displacement/temperature of i-th disk
X./T,5  displacement/temperature of i-th tie-rod
Ku/K,y  equivalent stiffness of disk/tie-rod

K,o/x,q  stiffness/displacement of pressing disk
Xa/X, equivalent displacement of disk/tie-rod
F; tightening force  x, total displacement

n  number of disks 7 number of elements

Fig. 7 Simplification of gas turbine rotor modeling
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Table 1 Parameters of center tie-rod rotor of gas turbine

Gas turbine V4.3 DGT-300H
Rotor weight, tons 69
Power, MW 273 270
Material 26Cr2MoV115 26NiCrMoV145
Yield stress, MPa 822 835
Pre-tighten’g force, N 2.45 % 107 2.56 x 107
Pre-stress/Yield stress 0.484 0.52
Tie-bolt diameter, mm 280 280
Base Disk shell _p-1 ) P-1~ P-4
disk =k i \)_4 : Strain gauge
Tierod P2 |PBNSST7]
4 7
882 || v | g
© Pressing cover
disk
545 (196)
" 741 T "l
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Fig. 8 Schematic of simplified rotor model
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Table 2 Calculated stiffness of tie-rod & disks

Calculated stiffness
Pres’g disk type Tie-rod Pres’g disk Disk shell
(KN/m) (KN/m) (KN/m)
Type A 9.97E+05 6.34E+06 5.51E+06
Type B 9.97E+05 3.15E+06 5.51E+06
Type C 9.66E+05 1.54E+06 5.50E+06
Type D 9.24E+05 6.60E+05 5.28E+06
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Fig. 9 Type of pressing disk
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Table 3 General information of experimental rotor

Item “Zight Material Dz:lnel;er L(:lli?
Tie rod 32.0 SCM440 $63.0 1,275
Base disk 60.0 SCM440 $336.0 120
A:50.5
Pressing disk B:47.5  SCM440 $336.0 196
C:45.1
Disk shell 583 KSD3562 0318.5 545
End cover 9.5 SCM440 $150.0 73
P Fo| 247} AAsto] 2B QS 4 sH3laL, ¥l ¥
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(Laser Displacement Sensor)Z ©|-83}o] efo]2E, YET| A,
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Table 4 Specification of test rig

Item Specification
Tie-rod size $63 mm(D) x 1,275 mm (L)
Bolt tightening cylinder ITH Bolting Technology
Pressing capacity (kN) 1,550 kN@1,500 bar (Max)
Strain amplifier HBM Quantum MX840A

Strain gauge type Kyowa, KFG-5-120-D17
120.0Q+0.8/2.10+ 1.0 %
Panasonic HL-G105-A-05, 1.5 pm

Mitutoyo, Abs. Digimatic S-543

Gauge resistance/Factor

Gap sensor (Laser type)

Digital indicator

Analog indicator Mitutoyo, Dial Indicator 0-10 mm

Table 5 Strain result deviation between measuring and analysis

Tie-rod (mm/mm) Disk shell (mm/mm)

Type Force - -
KN I I
(kN)  Meas. Anal. % Meas. Anal. %)

50 7.67E-5 7.90E-5 29 1.52E-5 1.53E-5 0.7
100 1.53E-4 1.58E-4 32 3.03E-5 3.06E-5 1.0

A 150 230E-4 237E-4 3.0 455E-5 459E-5 09

200 3.07E-4 3.16E-4 29 6.07E-5 6.12E-5 0.9

250 3.84E-4 395E-4 2.8 7.58E-5 7.65E-5 1.0
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