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- Part I: Effects of Bearing Designs
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Abstract —Part [ of this study analyzed the effects of tilting pad bearing designs to reduce the stiffness of the
bearings used in a process high-speed lightweight centrifugal compressor intended for a domestic refinery use.
This was done in an attempt to enhance the robustness of its rotordynamic stability against possible acrodynamic
cross-coupled stiffness. The bearing design variables reviewed were the clearances, LBPs, LOPs , and preloads. The
results showed that there was practically no difference between the LBP and LOP designs in terms of the bearing
stiffness, because the compressor rotor was lightweight and the bearings had relatively high preloads. Increasing
both the machined and assembled clearances in bearing designs has resulted in the bearing stiffness being greatly
reduced. In addition, it has been confirmed that an additional reduction in the bearing stiffness can be obtained for
given fixed machined clearances by decreasing the preloads, i.e., by increasing the assembled clearances.
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Fig. 1. FE rotordynamic model of a compressor rotor-
bearing system and its static analysis result.
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Table 1. Design data of OD LBP S-pad tilting pad
journal bearing

Bearing type LBP 5-Pad
Journal dia. (mm) 89.0 nominal
Bearing length (mm) 40.64
Pad angle (deg.) 60
Pivot offset 0.5
Dia. machined clearance (mm) 0.190
Preload (m) 0.440
Oil type ISO VG 46
Oil inlet temp. (deg. C) 43
W= EA), LBP, LOP, 28|32 ojgteltt. AAM4e]
W7 e sl meby BeE 9y A= weldy A4
A9l ¥F+= 0Dl RDI, RD2, RD3, RD4, RD5Z

Table 20 “4°] 7]&=o] Slrl. OD= LBP ¢ A,
RDI1S Wlolge] 7Maat =9 EA =% 242} 11, 10
um 5718 LBP A7), RD2= LOP AAZ 0D} &
%ﬂ ool 7} 29 BAIE Z2hom, 1E]3 RD3
wojge] 7R 2y BAl 2% 22 11 10 um
4}51 LOP Aot} 8, RD4E= 0.190 mme] 24
# 7]~L ENol|A o o] FAsE LBP AA 0],
5= 0201 mme] IAE 7R BAjelA oste] kA
6}{— LBP Aot} wloge] A7 sz E-s4o]
285 A8 ARMD S/W7F ARREIOH, o714,
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Fig. 2. Schematic geometry of OD LBP bearing.

OD Bearing/Stabilty Analysis, LBO_Compressor TPJB with Min. Crs. 249536406
5-Pads, LBP, Load=111.5 kg, ISO VG46 /145 limin @ 43 degree C
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Fig. 3. Pressure distribution of OD LBP bearing design
at 9538 rpm.
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Table 2. Definitions of designated bearing designs depending on their design variable revisions or changes

Designated bearing

Definition (or Description)

design

OD Original design of LBP

RD1 LBP with both machined and assembled clearances increased by 11, 10 pum, respectively
RD2 LOP but with same machined and assembled clearances as OD

RD3 LOP with both machined and assembled clearances increased by 11, 10 pm, respectively
RD4 LBP with fixed machined clearance of 0.190 mm but decreasing preloads

RD5 LBP with fixed machined clearance of 0.201 mm but decreasing preloads
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Fig. 4. Stiffnesses of OD vs. RD1 as a function of rotating
speed.

Fig. 5. Schematic geometry of RD2 LOP bearing.
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Fig. 7. Stiffnesses of OD vs. RD2 as a function of
rotating speed.
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Fig. 8. Stiffnesses of OD vs. RD3 as a function of
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Fig. 9. Stiffnesses of RD4 vs. RDS as a function of preload
at 9538 rpm.
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