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Integrally Geared Centrifugal Compressors for High Pressure Process

Gas Services
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The High Pressure SUPER TURBO, an integrally geared centrifugal compressor for high pressure process
gas services, has been developed. The compressor design was modified to acquire maximum stability of the
rotor for high pressure application, and the analysis result met the requirements of API standards. The full
load running test was performed over 80Bar discharge pressure, and confirmed enough rotor stability by
verifying low rotor vibration and low temperature rise of bearing pads. This result has expanded high
pressure application coverage of integrally geared centrifugal compressors, and could be applied to the main

market of process gas services.
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. | Gear casing

Compressor casing
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Fig. 1 Outside view of test machine
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Table 1 Specification of test machine

Integrally geared centrifugal compressor

Type (Model : VGP150H)
Application Dry air booster
Gas Dry air (MW 28.96)
Number of stage 2
Suc. pres. LP: 28.1 / HP: 52.1 (barA)
Dis. pres. LP: 52.2 / HP: 81.0 (barA)
Suc. temp. 40/40 (O)
Speed 27,900 (rpm)
Motor output 2,900 (kW)

Shaft seal

Tandem dry gas seal

LPO Low pressure stage, HPO High pressure stage
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Conventional design

[ Shorten overhang length
O Optimized bearing span
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[ for high pressure application |
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Fig. 2 Comparison of rotor design
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Fig. 3 Tilting pad journal bearing
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Fig. 4 Screening criteria
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Fig. 5 Rotor stability analysis
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Table 2 Rotor hammering test

Eigenvalue (Hz)
(free-free)
Measured value Calculated value

333

1st mode 343 ©7.10)
692

2nd mode 690 (100.30)
1,343

3rd mode 1,339 (100301)

Calculated

1st mode
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Fig. 6 Comparison of mode shape
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Table 3 Records of runnninng test

O O O O
Item Unit Rated Near Middle Max.
surge point flow

Motor input (kw) | 2852.8 | 2387.7 | 2619.5 | 3077.6

1 Shaft vibration LP-H (p) 13.4 10.8 117 16.7

Shaft vibration LP-V (u) 125 10.2 11.0 13.9

Shaft vibration HP-H (M) 15.8 16.8 15.9 16.0

! Shaft vibration HP-V (u) 14.2 15.3 14.1 14.2

Supply oil temp. at comp | (O) 41.6 415 415 415

! J-bearing temp. LP @) 63.2 62.5 62.8 63.2

J-bearing temp. HP @) 68.7 65.9 67.3 69.9

LP stage suct. press. | (MPa)| 2.883 2.690 2.747 3.016

LP stage disch. press. | (MPa) | 5.400 5.211 5.277 5.459

HP stage suct. press. | (MPa)| 5.379 5.199 5.262 5.432

HP stage disch. press. | (MPa) | 8.010 8.081 8.055 7.790
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Fig. 7 FFT analysis of shaft vibration
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Fig. 8 Result of destabilization test
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Fig. 9 Teat results of SFD bearing
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Load cell
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Fig.10 Thrust bearing with load cell
(for measurement of gas thrust force)
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Table 4 Mesurement of gas thrust force

Measured value (KN) Differential *
1st trial 174 0220
2nd trial 18.0 J5.50
3rd trial 17.8 04.20

& Caluculated thrust force : 17.1 (kN)
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10 API STANDARD 617 SEVENTH EDITION, JULY 2002.
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