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Design Analysis for Enhancing Rotordynamic Stability of Process
High-Speed Light weight Centrifugal Compressor
— Part II: Improvements to Rotordynamic Stability
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Abstract —In this Part II study, rotordynamic stability analyses were carried out to confirm improvements to the
stability of a process high-speed lightweight centrifugal compressor, depending on the effects of tilting pad jour-
nal bearing designs. The bearing design variables considered were the clearances, LBPs, LOPs, and preloads. The
results showed that the rotordynamic stability of the subject compressor rotor-bearing system improves exactly
in accordance with the effects of the bearing design variables, which were determined in the preceding Part I
study, owing to reduced bearing stiffnesses. Specifically, it was confirmed that the stability of the rotor system
can be greatly improved by increasing both the machined and assembled bearing clearances, but there were no
stability improvements by simply changing from an LBP to an LOP design. In addition, it was confirmed that
for given fixed machined bearing clearances, the stability can be additionally improved by decreasing the pre-
loads, i.e., by increasing the assembled clearances. In conclusion, it may be necessary to improve the designs of
the original tilting pad bearings to obtain a sufficient margin of rotordynamic stability against a possible aero-
dynamic cross-coupled stiffness in a process high-speed centrifugal compressor. Thus, increasing the machined
and assembled bearing clearances and decreasing the preload could be effective solutions.

Keywords —process compressor (ZZ A2~ 9+=7]), improvement of rotordynamic stability (2 ¥ tho]ud]
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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 5-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

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
LBP with both machined and assembled

RDI clearances increased by 11, 10 pm,
respectively

RD2 LOP but with same machined and assem-
bled clearances as OD
LOP with both machined and assembled

RD3 clearances increased by 11, 10 pm,
respectively

RD4 LBP with fixed machined clearance of
0.190 mm but decreasing preloads

RDS LBP with fixed machined clearance of

0.201 mm but decreasing preloads

238 kg?l APFAQ 14 A7 ZEE Jepdn. €6
= FHold wWlojwy #1, 2004 Rae zZ+z 1095,
1237 No|t}. T Hlojg o] A= FL3H, 0D
(original design, ¥ A7) LBP 5= €8 == |
o|ge] A7 Hlol87} Table 1] Fo|A Ut
#57] ZH-Hojy A" ZE{tholuby] A
S wWr} 7sle Bxow Fojxl OD LBP 5= €
q = HM%Q] Wé; ZAaAT)E welEg A
o] o o|E 93] AEHE= qu]
H LBP, LOP, :zaﬁ o gtoltt, AA MRS
75‘ T sl wetx HHE 99 = wojy A
= OD9Jo] RDI, RD2, RD3, RD4, RD5

& 737 4 45719] ZEvelY P sk

3 AN - Part IT: ZEITRoU Y] eFgA] 74 11

2 Table 29 B¢ 719} 2t} OD= LBP 9 A
Al, RDIZ wloj®e] 7kt =9 54 &
10 um F7FE LBP 47|, RD2E LOP 472 OD
9} B3 WojYY 712 29y EAIE zton, 1y
I RD3E Wlol¥9] 71s =Y EAl 2% 747} 11,
<7F LOP AAl°Itt. ¥, RD4= 0.190
mme] YHE g BAlOIA dlgte] rashe LBP
dAle]3, RD5E= 0201 mme] 8E 7Hg EAolA
oQto] #adhk= LBP AA/o|t}.

ZEtolu kg AdAs|A o= FEM gy

2% 77 11,

10 pum

Basic LogDec Analysis with OD Bearings

Mode 1, Forward Whirl
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Whirl natural freq. (rpm) = 5049.49
600 LogDec = 0.260994
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Fig. 2. Basic LogDec analysis at 9538 rpm with OD bearing
design, resulting 5=0.261.

Aero LogDec Analysis with OD Bearings

Mode 1, Forward Whirl

800 Rotating speed (rpm) = 9538
Whirl natural freq. (rpm) = 5050.4
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Fig. 3. Aero LogDec analysis for Q, at 9538 rpm with
OD bearing design, resulting 5, = 0.147.
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rotating speed.
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Basic LogDec Vs. Rotating Speed

0.55 T
—O0D
0.5f ——— RD2 1
MCS = 9538 rpm
0.45 R
0.4 R
3}
a
> 0.35 1
<]
-
0.3 4
0.25 R
0.2} OD : Original LBP ]
RD2 : LOP but with same machinced
045 , & assembled cirs.as OD

0 2000 4000 6000 8000 10000 12000 14000 16000
Rotating Speed (rpm)

Fig. 5. Basic LogDecs for OD vs. RD2 as a function of
rotating speed.
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Fig. 6. Basic LogDecs for OD vs. RD3 as a function of
rotating speed.
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Fig. 7. Basic LogDecs for RD1 vs. RD3 as a function of
rotating speed.
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LogDec Vs. Bearing Preload
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Fig. 8. Basic LogDecs for RD4 vs. RDS as a function of
preload at 9538 rpm.
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Fig. 9. Aero LogDecs for RD4 vs. RDS as a function of
preload at 9538 rpm.

Table 3. LogDecs predicted at 9538 rpm for OD, RD1,
RD2, and RD3 bearing designs, depending on three
different values of aerodynamic cross-coupled stiffness

Ist LogDecs at 9538 rpm
where Q,=1.322 x 10° N/m

0 0. 20,
oD 0.261 0.147 0.032
RDI 0.344 0.226 0.107
RD2 0.260 0.146 0.032
RD3 0.344 0.226 0.107
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