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Abstract — A DE-side LBP tilting pad journal bearing of a 1-stage overhung heat-pump compressor in a pro-
pylene process exhibited abnormal high-temperature behavior. Its temperature had been relatively high at 78 °C
from the beginning of operation. In 2014, after three years of operation, it increased suddenly and reached
103 °C. Installing a varnish removal equipment and others managed to stabilize the temperature at 95 °C. We
undertook a troubleshooting approach for reviewing the comprehensive status and integrity of the temperature
design of the bearing. We performed lubrication and heat-balance analysis, based on the design engineering data
and documents supplied by the OEM. For the base design data of DE-side TPJB, evaluating the effects of key
design variables on bearing metal temperature showed that firstly, increasing the bearing clearance and supply
oil flow-rate, and next, changing the oil type, and finally, increasing the machined pad clearance and offset, are
more effective in reducing the bearing metal temperature. Furthermore, a clarification meeting with the OEM
revealed that an incorrect decision had been made to decrease the bearing clearance to eliminate the SSV harsh-
ness issue, while not maintaining a sufficient oil flow-rate. We conducted a detailed retrofit design analysis,
wherein we increased the oil flow-rate and bearing clearance by decreasing the preload. We predicted that the
bearing temperature would decrease to 63 °C from 75.7 °C even at the rerate condition. Finally, after installing
and operating a retrofit replacement bearing in 2015, the bearing temperature stabilized at a low temperature of
65 °C. Currently (January. 2017), two year later, the bearing metal temperature remains at 65 °C. Therefore, we
can conclude that the abnormal high-temperature behavior of the bearing has been resolved completely.

Keywords — process compressor(ZZ 24 2= 9F5=7]), tilting pad journal bearing(2 & ¥ = #]'d ¥ o] &), abnormal
high-temperature(H] 4 4 32-2), troubleshooting(E & &7 H), design approach(2 7l )
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Fig. 1. Assembly of the heat-pump centrifugal compressor.
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Fig. 2. Drawing of 1-stage overhung heat-pump compressor
rotor.
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Fig. 3. Drawing of DE-side 5-Pad TPJB.
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Fig. 4. Temperature trend plot of DE-side bearing,
showing abnormal sudden temperature rises.
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Fig. 5. Temperature trend plot of DE-side bearing,
showing abnormal high but stabilized temperatures.

WA= 378017 wiiEel, 2
AR 457)
a]o] OEHE AAE 4 9= A8o)

T AT
, siegks A "leto] 7
s A= A %?0 ’FEol Tt kA, AAISNA
AEE T3l oy ZAIES AR Fetsiarl o]
Sl SAHL w|o]F 2 7HH A0 wkgEt WA
r3o] FH|Sks Ao] 3w
lsH OEMe®] A&t wlo]
AR, Wojy AA l
] ﬁg Feste] wWoE

2

AR

£ TS TA. 9Fo) &
A

A =] EH‘LPOI‘}iK}. olE
J

o5
lo,
m>~
X
2
N
L
2
ot
o
%
2
lfﬂJ

o
Ho
gk
e

or to 2 o

koo e HT
M flo I oo o

32 o

O

of e ) =>=«
2 (o “‘

oot 1

tlo

=

ot

Ol

2

e

e

1o

il
X
:?1:4’4 =
1%
o
of
%
|
)
ﬂn:
o,
o,
r
i)
o
o

2. Hioj¥ old 12 ENEE

Fig. 2 19 S|E-HXZ ¢=7) 2He WS Ho
ZFm, o] ZEE 6.8 MW HISHE |

39

= 5-Pad LBP 4-inch TPIB(Fig. 3 3z} &850
Ko, 3T T o] =] AXE RTDe 23 &
T ZAE AL Qi

DE-side Hlo1& 2] v|gA; 7.8 A=) A A £

20123 8ol Wgoaﬂ—t— ,

SIATHFig. 4 F=x). 88 2d-Ash)9
v AA GRS AR ﬂ?iiﬂﬂ, Hojyg 2a=
k|t o] %, 1L:1°1 |
atict. A 1 7§ Higo 2 99 45|19t v
AA A=E oAl A 16‘}95124, Hojy £ 7a
SHA] sttt ofe] el 73S ERlE] fIgk %
Aol A== B, 5719 2% A= TS v
A71% spdek. 2y, TS A=
Z2%10] wWojge] =7t 95 °C A A sty
AUTHFig. 5 F=x). ¥ F71 Al 2242 WA
ok 2015 AA] ZZAH2~ Revamping(®d 5714y 4
3l] 45719 Rerate(3AEE 6899 rpmellA 7109
mpme=E F7h7E AgE AA7] whZell, FAH ¢
FAe] A7 A9oM o]2iF DE-side ¥ojFe] 7&
HAE 2EHoR sjdslojor & Aol irt.

=
p—.
T8 4%

3. 712 EAIEY - dAHo| A

wolgel oie /1 &8 2 9BY AN U
of, F8 AT GRS ARSI el

side TPIBY] 7|& AA tﬂolw} Table 1o Fo] %

Table 1. Base design data of DE-side TPJB

Reference date of document -

Bearing type 5-Pad LBP
Journal dia. (mm) 101.6
Bearing length (mm) 445
Pivot offset 0.50
Dia. mac}(lgl:f r;})qe:;i) clearance 0235
Preload (m) 0.351
Rated operating speed (rpm) 6899
Load (N) 788.4

Oil type ISO VG 46
Oil supply temp. (°C) 40
Supply oil flow-rate (1/m) 4.0
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HDO #2-HOU HPCp Bearing (Right, DE), LBP S-Pads, Avg. Assm. CIr. Case 1.1799E+06
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Contours Pressure [Pascal (Nevitonin®2)] Deformation Pressure [Pascal (Newtonin“2)]
Output Set Pivol-C Min= 00700 Max = 0.0840 0.0000E+00

Fig. 6. Pressure distribution generated at 6899 rpm of
the base TPJB.
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Fig. 7. Temperatures vs. supply oil flow-rate of the base
TPJB.
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Table 2. Comparison of temperature analysis results,
depending on LBP vs. LOP and VG46 vs. VG32, for
the base TPJB design

Oil Temperature

. Analysis Results
Pad configuration ©C)

Common analysis

with Oil type parameters
Film &
(Metal)
LBP with VG46 56.40 60.09 Offset=0.50
LOP with VG46 5640 6009  Preload=0351
2Cm=0.235 mm

LBP with VG32 5336 5637 Qil flow-rate=10 I/m

HDO #2-HOU HPCp Bearing (Right, DE), LEP 5-Pads, Avg. Assm. Ci. Case | 7644E406
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Fig. 8. Pressure distribution generated of the base
TPJB but with applying offset=0.55 and oil flow-
rate=10 I/m.
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Fig. 9. Temperatures vs. pivot offset of the base TPJB

but with applying oil flow-rate=10 I/m.

Oil Temperatures Vs. Preload
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Fig. 10. Temperatures vs. preload of the base TPJB but
with applying oil flow-rate=10 I/m, offset=0.55 and
fixed 2Cm=0.235 mm.
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Fig. 11. Temperatures vs. preload of the base TPJB but
with applying oil flow-rate=10 I/m, offset=0.55 and
fixed 2Cb=0.152 mm.

Table 3. DE-side TPJBs' design data, depending on the
reference dates of documents

2009/09/16  2014/05/21
Reference date (Eng. stage  (Operating
of document parameters parameters
& conditions) & conditions)
Bearing type 5-Pad LBP  5-Pad LBP
Journal dia. (mm) 101.6 101.6
Bearing length (mm) 44.5 44.5
Pivot offset 0.55 0.55
Dia. machined pad 0235 0235
clearance (Cm, mm)
Preload (m) 0.351 0.574
Operating speed (rpm) 6899 6899
Load (N) 7838.4 788.4
Oil type ISO VG 46 ISO VG 46
Oil supply temp. (°C) 49 49
Supply oil flow-rate (1/m) 4.0 5.0
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Table 4. A series of detailed temperature reduction analysis results by design improvement of DE-side 5-Pad

LBP TPJB
@ “) ()
Analysis Case Operating ) 3 Final retrofit Revamp
condition condition Condition
Pivot offset 0.55 0.55 0.55 0.55 0.55
Dia. machined pad clearance (mm) 0.235 0.235 0.235 0.235 0.235
Preload (m) 0.574 0.574 0.351 0.351 0.351
Operating speed (rpm) 6899 6899 6899 6899 7109
Oil supply temp. (°C) 49 49 49 49 49
Supply oil flow-rate (I/m) 5.0 10.0 10.0 15.0 15.0
Film temp. (°C) 70.9 66.0 61.7 59.3 59.7
Groove temp. (°C) 66.0 60.7 58.7 56.1 56.4
Metal temp. (°C) 75.7 72.0 64.7 62.6 63.0
Discharge oil temp. (°C) 70.9 64.1 60.7 57.5 579
Min. required flow-rate (I/m) 5.94 5.94 6.69 6.69 6.89
Flow condition Starved Flooded Flooded Flooded Flooded
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