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ABSTRACT

Since large gas turbines used for power generation are operated in conjunction with the power grid, the operation stability
is very important, so it must be fully verified from the design stage to the completion of production. The rotor of the gas
turbine is difficult to analyze because it is assembled by fastening dozens of disks using tie rods, unlike the rotors of general
rotary machines or steam turbines. DHI(Doosan Heavy Industries) is developing a large-scale 270 MW gas turbine(DGT-300H
S1) for power generation. In this process, the rotor dynamic design consistency from the scale model to the actual rotor is
reviewed in advance in order to improve the rotor dynamic analysis and design consistency. The final design and fabrication
have been completed and the assembly is in progress. In this paper, the progress and verification results have been mentioned

based on the final results of the development process.
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Fig. 1 Large scale gas turbine rotor
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Table 1 Physical parameters of scaled rotor (4, =1/5)

Description Scale law scaled model
Diameter of bearing journal Ay 100 mm
Max. outer diameter of disk Ay 350 mm

Total length of disks Ay 1,438 mm
Type of disk to disk coupling Hirth-serration
No. of disk (Comp./CUD/TBN) 1 13/3/4

Diameter of center tie-rod Ay 63 mm
Length of center tie-rod Ay 1,540 mm
Total length of rotor Ay 2,927 mm
Total weight of rotor A} 642 kef
Material of shaft and disks SCM440
where, A, scaling factor of length
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Fig. 2 Comparison between scaled model rotor
(A, =1/5) and full scale rotor
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Fig. 3 Frequency response function of scaled rotor(@41.3 ton)
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29



Uz
9000
8000
g 7000 nd-6378rpir
E 6000 gy v e /.//’9/:"
= S
2 5000 .
& 3
= 4000{—*
8
£ 3000 15216 L‘)/m/
2000 *HR//
1000
-
P I S NI WIS NI BRI I S SR
1000 2000 3000 4000 5000 6000 7000 8000 9000

Rotating speed (rpm)

Fig. 5 Critical speed map of scaled rotor

Fig. 6 High speed test of scaled rotor
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Table 2 Experimental equipment for impact test

No. Equipment Model No.
1 Multi-ch. FFT Analyzer LMS Test Lab.
2 Impact Hammer PCB 086D20
4 Accelerometer PCB 353B33
Table 3 Natural frequencies of dummy rotor
Description Natural frequencies, Hz
Ist 2nd 3rd 4th
Calculated 38.7 57.0 166.7
Measured 38.0 57.0 162.0 213.0
Difference 1.8 % 0 % 28 %
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Table 4 Natural frequencies of blade unassembled rotor

Order Calculated N.F. Measured N.F. Difference
(Hz) (Hz) (%)
1st 459 45.8 0.3
2nd 81.3 79.5 23
3rd 140.1 139.0 0.8
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Fig. 15 Impact test of full assembled real rotor

Table 5 Natural frequencies of assembled real rotor

Order Calculated N.F. Measured N.F. Difference
(Hz) (Hz) (%)
Ist 449 45.0 0.22
2nd 78.2 76.5 222
3rd 1324 132.5 0.08
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Table 6 Comparison of natural frequencies of blade
un—assembled rotor & assembled real rotor

Un-bladed Bladed Difference
Order
rotor rotor (%)
1" NF. 458 449 2.0
2" NF. 79.5 78.2 1.6
39 NF. 139.0 132.4 4.7
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Fig. 17 Rotordynamic Model of full assembled real rotor
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Table 7 Comparison of Calculated and measured critical

speeds of real rotor (with bearing & support)

Order Calculated Measured Difference
1% Critical speed 1,180 rpm 1,200 rpm | 20 rpm (1.6 %)
2™ Critical speed 2,590 rpm 2,600 rpm 10 rpm (0.3 %)
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