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Characteristic Analysis of Super Engineering
Plastic Bearing for Aberration Generator

Sun-Yong, Jang

Department of Mechanical Design Engineering,
The Graduate School
Pukyong National University

Abstract

The rapid growth of modern industry and technology, it has
led of electricity shortage because of the global demand. The
severe competition between power-plant iconstruct companies, it
will be a key point increasing efficiency of operating 'and
design of the structure. Various theory and system are already
well formulated for metal bearing which 1s supporting the
rotor system.

Since 90's new material. which can be used instead of metal
were developed. This “paper--have ~studied with verifying
feature, comparing the material and-applying to the aberration
generator.

Basically applying 'super engineering plastic' to the
bearing can improve the total system's performance. Described
several phenomenon, simply applying the material changed and

other circumstances are same.
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A 27 Bearing 34 o] &Y
2.1 Reynolds Equation %]

1 A9

%ﬂ# 559 AHAS A A FdHEE G fFEYe F2 U4
ofF 3}, Fig. 2.1.9149 B2 A A Ak, H3 e 35
A d Ao wela (2.1) Ao g Aojdr),

qxdy—f—qydx—f—wodxdy: (2.1

(qx )dy+ (q +—ydy)dx+whdxdy

, wrdxdy 5
21 » @ + 2L dy |dbx

<y wackedly

Fig. 2.1. Continuity of flow in a column

Journal Bearing®] EAlol B-&uA ke w F=o W3y} glvta sohd
U5 Aoz AolFt),



9q, 9q
. dxdy—i—a—yydxdy—f— (w, —w,)drdy =0

(2.2)
"dedy #0'0]H, (2.2)24]
dq, 94,
+—+ - =0 2.3
Py oy (wh w()) (2.3)
of Hm, o] AL Hu /)% fFel A% ekt
W8] ol fFe £ S A

(2.4)
HE8 'uw', V& AYste] gidskd, 'x', v WP 5 AEE
kst Al veRd 4= Qdok

- N 9D h
A rm ax+(Ul+U2)2, (2.5)
h® <ép h
27 14 8y+(Vl+V2)2

Full Reynoldsel] thsl 3214 2l o2 7+ekslA| LhehyH

3 3
i(h_@)+i(h_ﬁﬁ):6(U@+ [rdh
or\ n ox oy \"n o0y

ot Vo )+12(wh—w0) (2.6)

2.1.2 Simplifications to the Reynolds Equation
2]2] Full Reynolds Equatione 388 o= A HLsl7|d= B3
st7]el] o]& FFASHAIA AREE o QT

D WG S AR



3 3
i(h_@)+i(h_a_p):G(U@)er(wh—wo) (2.7)
ox\n ox| ay\n oy dx

3 3
i(h_@)+i(h_@):6(U@) 0.8
or\ n ox oy\n oy dx
2.2 Journal Bearing 32} 2] o] &4

2.2.1 Journal Bearing A+ AY

Fig. 2.2. Journal Bearing Geometry

Fig. 2.2.94 Journal Bearing< 317 % Bearing W&} 3] A



¥ Afolel &8/7F oF FEH0il Film)S FAshe] vpze A4 a1
Journal & A|Asl= T+F2E 7FA 3 vk, Fig. 2.2& Y¥HE<Ql Journal
Bearing®] 725 JNdH o= HoEG. o7]H O Bearing T4, O
+ Journal 4, &4 XM ¥F EA (= Bearing W4 RSt
Journal ¥H4 R;©] AFe]iLl, ei= Journal Bearing®] ¥4l (eccentricity),
A e HAS w7h Jﬂ”g(eccentrlclty ratio) e°©] ¥}, Journal-
o] £r= 3lHstal o, he A5 HAE vElaL, e 49
gol el ¢ T HE® h:c(1+e*0080)° #es T =
Bearing?} JournalS 9l& FTAAI stFel wWgko]l o|F&= AAZ

(attitude angle)©|T}.

2.2.2 Reynolds Equatione ©]£-3t Bearing I2lulg o5

Reynolds EquationQ®H-E| Bearing 249 Hesk &y Hs}
|5, vEASG, vpEE 85 55 22 F83% e HES (st
AdS B34 72
_ olyB

et (Pressure Distribution)
Reynolds equation®] A&S EaA T4 9 e h=f(x,y)
Skl s A
- K318 (Load Capacity)
B389 Bearing®] 84 Aloll Journal ¥EWO S ]850
S AEsHe e gelth ek Bearing @AY &7 HA,

ol ofsl AAHY, Ae] Fol= vad Euk

L pB
W= / / pdxdy (2.9
00

o
314
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+ Bearing®| el #H&sh= Aol o= ffnlste], A9

L pB
F= / / Tdx dy (2.10)
00

- u}ZA5= (Coefficient of Friction)

2 (Lubricant Flow)
Bearingdl #%, =35 £27Y L2 SEF9 &9

Bearing AEIE AAsk= =83 efu|E o]t}

L
® = q,dy (2.12)
0
B
Q= [ qdx

|
o
rot

/3% Bearing

roh

0 0
3] FA &2 Bearing< £<< Loy, 4 (2.8)&

=3
oy



i(h3a—p):6(Un@) (2.13)

d—y2: 5 (2.14)
o) ¥ W AR,
;ZSZ 6hU3?7 %w c, (2.15)
oo A
:%%?J;Jr Cy+ G, (2.16)

o7lel AA 271
p=0 at y=%L/2 (Edges of the bearing)

o —3%@(5)
2 R odr\ 4

upebA] -5k A Bearingoll A Y R
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3Undh(2 LQ)
=Ly - 2.1
B dx 4 (2.17)
o},
- AA-2 % Z}E(Viscosity-Temperature Chart)
2o sk Aol WM3li= Walther's Equation &S o]-&35}o]
Aotk

(v+a) = bd’ " —logglogy (v, +0.6) = a' = clog,, T (2.18)

Fig. 2.3.& 2¥d9 =
(Vogelpohl Model)®= el L
HAE Zrof] e njx| i, o=

o,

= gl wE HAde] WstE 1SO 3014
| 2 FAe W= &

Y
2

cosity(Pa's)

a o~

Fig. 2.3. Viscosity as temperature changed (Vogelpohl Model)
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2.2.3 THHEE 4 (Sommerfeld Number : S)
Reynolds equationol A F=% 2z} F#1EHEL Journal Bearing® 3
AR HAR A SHEE 2 Yeid ¢t FHEE

A

PN PN
> nl T
= wae We g o] 4ol

_ Aty

S - (c) (2.19)
W e
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Table. 3.1. Test Measurement Method

Connector Saving Data
Static Spring (Steel) 10 (Avg 2"~9" Data)
Dynamic Wire (Steel) 10 (Avg 2"~9" Data)

Table. 3.1.2 A3 W3 A3 @t =5 Wolnk. A3 AA el
A Motor7F 31 3hHA AR HOIQ = Test A|HES F7IHA w2 o=
Hz AAH9 & Comnectors &3l Ad™ A X ddstal w7
T e %é"i‘jr. HE = AsAor AR 235 vEsiy . Hx =4
s AlQst 8o AAmE Aes AT T HAe ALtk

= .
2 WA A& 47FA 9] Super-Engineering Plastic A 2ol w3t U}%
A Aoz Aeo ALg¥ HAES PPS, PIFE, FC-PEEK,K-PEEK %
st AdS AAS T, AYe A2 HolA AAlESa,

g
Jeish oo &8 v A7e sy BAS AN

S Super Engineering Plastic SjA] A-&oj5 = 93l Hluw
Stk a2 @AM 3l Al ZAS= Bearing@
HAEA717] Faed G885 AFEsta U, A

© EHl BearingS H=FoF 2 0] 0 Aol s A4S 3
o
I
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3.1.1 Super Engineering Plastic #}&A14+ AH

qﬁﬂ%ﬁﬁqﬂ%%ﬂﬁB%ﬁ@gizﬁﬁ}ﬂ%%/i

Static Coefficient

0.14

012
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& AN,

& 77t AR RAS 29 5w

Bir Condition il Condition

Fig. 3.2. Static Frietion Test Results
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Fig. 3.3. Dynamic Friction Test Results
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o] AA Aol7} UH| LS ek ¢ Qltt. o] Bearing 3 Al
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QYA £Fol Ad7Ps §g uolET).

0Q

3.1.2 &8 AHd n& vladAF 49
Super Engineering Plastic® thA] &9 7lsAS #dsdtr] s 2
S AAEI AL, Fig. 3.4.9 Fig. 3.5.% AAwEA S S5vlzA

A3 AaE HojEn.
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Static Friction
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Fig. 3.4. Static Friction Test Results - At Difference Condition

Dynarmic Friction
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Fig. 3.5. Dynamic Friction Test Results — At Difference Condition
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Table. 3.2. Taber Test Condition
Wheels Type

Test Method
ASTM D 4060-10

39 Th. Table 3.2.9F Table 3.39 7+
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Table. 3.3. Pin—On-Disk Test Condition

Pressure 8MPa
Velocity 2m/s
Lubricate Turbine 0il (R&D 68)
Test Condition Boundary Condition
Cycle 45s Operating / 50s Stop
Temperature

Room Temperature

3.2.1 Taber "}2 2¥
nhz Ao A et FUsA PPS, PIFE, K-PEEKZS o]&3d}o] 12} 2o=
A ~AE AAs7] 3 vl AYS AAET. AlF-S Taber A
A71E o)&3ste] Ao UmtEAdS g9l sQlth. Fig. 3.6 A% A
o] #A4E& vEbdth. 314 DiskE o83k PPS, PIFE,-K-PEEK HFA=
7b 3 AE ot AntEHe HE5E FIAA vETF .

x

[

o101

[Leo

21X Disk

HUBA=
=4

Fig. 3.6. Taber Abrasion Test Device

A% A obd Fig. 3.7. s 2ok, v A4 sbg we v
ZAA 2] PIFE= UvlRAd S4 Aol A= K-PEEKel| H]s] 10817} d+&

_18_



nfRAEE e AT, o] & Bearing ZTHol f-9to] FE3| FAH A

w48 xdquo] FapAr] el oA =P8 e
= Aoz ggEnt. o] Hl&] K-PEEKE WlwkEA vl
Ad ol A= 7]E} Super Engineering Plasticol]l W|3l Bearing A& =M

$RF PR S e Qo B 5 9

A& THs Aol

WEAR AMOUNT

FFZ FTFE K-FEEK

Fig. 3.7. Taber Abrasion Test Results

3.2.2 Pin-On-Disk vl&= A&
=9 7oA White Metal@} &8 A<l K-PEEKS} o) vl AT E
3t7] 918 Pin-On-Disk A 3-& AAlsIAAth. A W HE Test Al
HE o] &ste] & ol o] WS Diskell HFAIA A
DiskE 3| A ZItt. 3 H3} A S whEste] 39 Zlo|&
9

gree] Ag o] 83l miw YEF S,

=

=

AN o

N
Oft
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Fig. 3.8. Pin-On-Disk Test Device

+0.1
4 =01

-

:

e

A
T |

#76

-

-
@ 1 Haole Drill 8.2

C'Sink 90° x 5.0 deep

Fig. 3.9. Pin-On-Disk Sample

Table. 3.4. White-Meta and Super Engineering Plastic Feature

K-PEEK White-Metal
Density 1.43 7.3
Tensile Strength | Room Temp 240 83
(MPa) 100°C 150 50
Elongation(%) 2 8
Deformation Temp (TC) 328 -

_20_
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= W o A g 3 2 &8 B O N OB

a. After 5 Cycle b. After 10 Cycle

Fig. 3.10. White Metal wear measurement-3D

ﬂ-ﬁ,naasa“i"ﬁg

= b e

a. After 5 Cycle b. After 10 Cycle
Fig. 3.11. K-PEEK wear measurement 3D
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Table. 3.5. White Metal, K-PEEK Wear Amount Comparing

<Unit :pm>
White Metal K-PEEK
After 5cycle (maximum - minimum) 371.87 148.67
After 15cycle (maximum - minimum) 248 .47 133.09
Wear depth(during 10 cycles) _

Bearing x| ¥ 429 7]%L 3 AA] Lol ol& WA= A Ao
obd e Bearing S wlRo] Ao o3 wAIsty H S g

U}, Table. 3.5. A& AxE 7]& Bearing A &S White Metal S %
& A=< K-PEEKel| Blaf 8ul o]l Wik AEqlS HolEd, ol oA
7] el do] sdETF 2 AL E7E A LEvhH K-PEEK Bearing®]
White Metalel H]3] 8¥je] +H<& 7Htta AS5& + ST,

3.3 Thermal Property &4
T4 Aol 85% ©]4Sl White Metal@ <A< Super Engineering
Plastice @x% |3 <38% ] gk 7o S48 t=7A vepdot.
Shaft 3]Zel| <Js vehts upade] disk A 548 fofgo=

Bearing A Aol a3k Datas F=L T A

3.3.1 Thermal Conductivity:

A1 A Turbine Bearing wHi-olA] @Alsl= €S 8QI3517] o] Hr}.
uwpeba]  Shaft$f Bearing WH =% SA I} o]d o3t & A HEE =
7 R

A3t 71918 Thermal Conductivity Al&@e] S5¥ k. 0il Batholl ZF Al
S ¥ ARE wstel whet A4 A 2=GEYA 10mm W), Back
Metal 20mm W&, 40mm W+, 60mm - = = e )
Z71L Table. 3.79] WEpdtt.

lo
rfo
Pﬂ
ﬁd

_22_



Table. 3.6. Thermal Conductivity Test Condition

Surface Temperature 100 °C

Test Time 8 Hr

Temp(C)

White Metal Thermal Conductivity

1
a a0 100 150 200 250 300 350 400 450
Time(Min)

Fig. 3.12. White Metal Thermal Conductivity
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Temp(C)

K-PEEK Thermal Conductivity

Temp(C)

Time(Min)

Fig. 3.13.“K-PEEK Thermal Conductivity

PPS Thermal Conductivity
110
1004
90
80

70

B0

Time(Min)

Fig. 3.14. PPS Thermal Conductivity
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Temp(C)

PTFE Thermal Conductivity

s e S s S S o

a A0 100 150 200 250 300 350 400 450
Time(Min)

Fig. 3:15. PTFE Thermal Conductivity

Table. 3.7. Thermal Conductivity Test Results

BRS PTFE K-PEEK White Metal

Point 1 0%l C 98.7C 97C 96 '@
Point 2 38.2C 36.6C 48T i 9
Point 3 37hI€ 36.6C 47.3C 60.8C
Point 4 36.3C Sl C 45.4C 57.4C
Point 5 35.1TC 3L 434T 54.6C

@ Point 1

White Metal 24.5 26.1 14.7 -

Temp Gap

Ao mE dHEE&S] HEE Table. 3.7. & AHYT &
201 BZo] Ao wEbd dHE At vEs & 5 9l
S

A
B FQ &A= Vhite Metalell B8] 14T Ak @2 dHEE Holi 3l

=

Q1t}. Point
o dA
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Al 4% Bearing A A

19453 052 A Mitsubishi T&YH°] =33k

NF

ted HER I

J|

s}

Fig. 4.1. Seomjin-Gang Hydroelectric Power Plant

Table. 4.1.
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Table. 4.1. Specific of Seomjingang Hydroelectric Power Plant #1

[tem Unit Value
Capacity kW 14,500
Water Quantity t/s 10.99
Foundation Year Sl 1945
Speed rpm 514
TURBINE
Effective Head m 155
Efficiency % 88
Max Hydraulic Thrust t 74.4
Shaft Dimension mm 379.51

g FApE7] ARG 15719 45 sAEAZ S A A8k Bearing
2 Thrust Pad Bearing, Upper Guide Bearing, Lower Guide Bearing,
Turbine Bearing & 47FX 2 +4do] ®4. 9= Fig. 4.2°] dHE== 4
ER AT

Upper Guide Bearing< Pad & e =“Thrust Collar®] 3o =9 2-Z S
A A&l 5=, Thrust Bearing@} g3t 0il Bathol|l 48k, Shafte} 2
Aote mbEd 2 Ul e AFRske] ) B#E % (Flow Rate) 300
1/min, o) &% (Max Temp) 25C = f*|H ).

Lower Guide Bearing 99 A] Upper Guide Bearing®} %<d3}A 0il Bath
Fe2 Aol |, Wzt F3(Flow Rate) 40 1/min, Hdo] =% (Max
Temp) 25C= A9}, Thrust BearingS % &5S W& Ale]ol A
A& Fqe el AR we} & e e Bearings 483t

N

_28_




SR HEHT

Fig. 4.2. Section View of Seomjingang Hydroelectric Power Plant #1

4.2 Turbine Bearing 27

Thrust Pad Bearing, Upper Guide Bearing, Lower Guide Bearing=
Turbine Bearing¥+= & el 0il System= F=3Fal Art. 37H4
HE] o] Bearing 0il Batholl 9 xslar o]= WZHA| AT Cooling Coil
< Bath Wl AYst Coil= WAFE AFHOE SoFrh. shA
Turbine Bearing= 0il Cooler”} £AsFA] &3 ©@A| 0il Circulations
93 Gear PumpES ©]&3to] S5 S 0il DamC 2 HE 0= AHF = A
ek, o] F 3 0i1& F9o 93l Turbine Bearinge] Clearance®t Groove
£ %3 Bearing ¥ o ® I ET},

K-PEEK Turbine Bearing A2t B s @S 913 Bearing AAIS 313
ST

Turbine Bearing A &A= Fig. 4.3.9] YERHSIT. K-PEEK Bearing
7} White Metal Bearing®] #AS FdUstA -2 9c}t. A 279
Thermal Conductivity, Expansion®] ¢]38f Clearance ¥3}7} =& Q3s}c}.
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Input White Metal Bearing Data
(p. N, D, L Q

Assume Fccentricity & )

Assume Sommerfeld Number (S)

Calculate Load (W)

End

a. Extraction of White Metal Bearing Load Data

< Start )

Input K-PEEK Bearing Data L
80 NN C)

Assume Eccentricity (&)

Assume Sommerfeld Number (S)

Calculate Load (W)

No

Convergence

b. Design Clearance K-PEEK Bearing Load Same with White Metal

Fig. 4.3. Flowchart for Design Bearing Clearance
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Gear Pump for
Oil Circulation System

| st oil Groove &4t EféLrBa

SECTION A-& DETAIL C
(SCALE i3y

DETAIL D

LSCALE

122

T 2 3 ! 1 L

S

6

T 7 T

Fig. 4.5. Turbine Bearing Drawing
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Fig. 4.4.37} Fig. 4.5. Bearing A4 A& yebdt). 0il Groove &
Ao o8] &8 288 Yol Self-Cooling 28-S 93l Groove Ak

A7y AA AAE AT

4.3 Bearing Clearance A7

4.3.1 Bearing A Al Parameter
3%o| A 4=3 3k Thermal PropertyS HIEO 2 Max 2&oA &4
=%, Bearing &% "% Shaft, Bearing #% A %o 93t Clearance

3= agste] 3.

- Bearing &%

Shaft9} Bearing Alo)l Coredll el 2% gkolo] ojgdv]e 7|5 I
Turbine Bearing®] E3IHo] =Egls wo] 5= V|Fo 7 3t AT
= R AL AT

wbd7] 7155 Al Dial GaugeES H#235te] rpmol] wE Shaft A< &

B
eh. o] % Shafto] JA <)ol SHg== F-Eel A9 271 7Hs 9l
o

4 e

Journal-Bearing Databook®] 4 groove @43 Model® 3}l A4S I
SEEES

2 Turbine Bearing A A

4.3.
FARY YN Bearing WS HEW FASA W fe)
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ol

g7t AEy A Bk Y 2O E Bearing AAE AAEA
71 9] Turbine Bearing Data®} K-PEEK Bearing Data 7+¢] zfo]l:= Al
wko] Wzt mE od FAAHS FHIE o WEE 2. webA
DataZE ¥|&tal, Z+ Bearing X Hol U3 FatHo] L=
Clearance® #& 243, o5 Tl A 22 7] K-PEEK Turbine
Bearing A 4d-& WA= 7|9 AA & WSAI AT, Table. 4.2.
+ Fig. 4.7.¢] Flow Chart& °]&slo] ALk #s vebdn, 3853t
o] 7% White Metal Bearing®} K-PEEK Bearing®}o] A A e HA 9
Aol wet 0.30%2] el Zpol7p WAk, H-ah7t sd3 Aow 7}

= O~
A 4 9l

W

S

Table. 4.2 Turbine Bearing Design Data

Item Input Data

Eccentrici
. 0.55 0.6 0.65 0.7
y

Sommer feld
0.366 0.26 0.186 0.134

Number

Speed 8.566666667

Bearing
Length

0.72

Bearing
. . 0.379.51
Dimension

White Metal K-PEEK

Viscosity 0.0286709 0.0349251

Clearance 0.24 0.45

Load 28657 | 40340 | 56389 | 78272 | 28573 | 40223 | 56225 | 78044
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Al 5% Bearing EoAY A3} 2 FHE

NAE Mz AZSAY Az @A ZIAE ARgstaL, A7 &

=7t FEe A e VAE AFE o 4 Abdel 1 A, T,
#HAEE YAy & Lolof s},
2 Zo] A= White Metal® K-PEEK Journal Bearings ©]-&3ato], A4

=
9} Hisl AEjoll A Bearingell WA= &k WSS W - #F

Bearinge] &5& & Aol WA= S BRey] 91 Ha

A5 ANEL AAEEaL, Fig. 5.12 Systems

ftllo
kit
1>
ﬂ
P,L
¥
id

287mm

59mm

I TOmmf: i

/—\‘\ \ T
85mm (10N/m)

sl s A A4 BEEANMY Bearing =% W3, AAE
12 0] 7ujo] A Bearing®] &% W 29 A A59 T}, Bearing 3H5- B
Q)Xo A Air Compressore ©o|8&3to] &2 718te], Bearing 3¢+
Shaft 3l5-7F AE3F Ao Als AdS 2AA AT},



5.1.1 Increasing Speed Test
Az A 7%l gold 54L Avum, %

T
Bearing <%= W3}S w37 &) Ald= HAA8HT.

Table. 5.1 Test Condition

Al ZE () 40 20 20 20 20 20
2 (RPM) 600 1200 1800 2400 3000 3600

Increasing Speed Test
Bl
—+— White Metal(Pt1) : i

—&— White Metal(Pt2) : '
55 | —B— White Metal(Pt3) [--------------------- 13RI 2l

—+— K-PEEK[Pt1) ' '
—&— |<-PEEK(P12)
—8— K-PEEK(Pt3)

50

_________________________________________

P I A ¢, Y I, ¢ 4 B

5)

o
@ : A i :
I s . = i btdser & - To - o A |
L L T AR RS S ;
1] L W S |
25 '
0 a0 100 160

Time(Min)

Fig. 5.2. K-PEEK and White Metal Bearing Temperature Graph
at Speed Changed

5.1.2 Normal Speed Test

A7 A 157] A4 E9] Sldrpmoll A 5A17F S A& A AEk ).
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White Metal Journal Bearing@} K-PEEK Journal Bearing®] 3]# o] o]&
o] A& W Bearing %9 2% Ml SASAT. Bearingel ¥H§-3)
AEHE A %3517] Y& Air Compressors ©]-83Fo] 3F4- Bearing®] AFXE
Eo &3 F 20kgf/em’ 02 AEHoz gL spst), dutHow &
9} Bearing< AFZESQ} Bearing Aol frHo] A E o] f-ukol] s
AR AFE Tokith. ARk o] B el ohs AEH R Fe}
of AEE AHlolA AFZEVE 3 HE k. wheb HA Bearing 38 X
AR S53% 2704 Aol A€t
o

dds T3 2d=el o) ol /d A 7Hdske], Bearingell

e R R e :
T T
T R N . B AT ;
o : : 0 : : :
R ctEEtetit b, SRk SRy T S I, - T :
'_
n . '
—*+—"White Metal(Pt1)
—d— YWhite Metal(Pt2)
B e e o —B—White Metal(Pt3)
& ' i 0 —— | PEEK(PLT)
—&— | PEEK(PI2)
, ! : —B— K-PEEK(F13)
20
0 &0 100 150 200 250 300
Time(Min)

Fig. 5.3. K-PEEK and White Metal Bearing Temperature Graph at 514rpm

Bearing $to] A|&Fox 7hs| Ao SHAEE /\1 K-PEEK Bearing®]
o o
= =2

s
=5 ASHET} White Metaloll vl oha s
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5.1.3 Over Speed Test

e A Al
3 Bearing &% X 3}X]

-
W7 9 &5 s vl AEshr] 9tk 7lx A A

o
o
X
s
ofo
ol
o
2
>,
a
N
=
olr
r
N
=
4B
=8
w
>
S
S
=
o
=]
2,
b =

b B ST, S5 F748 el Wt 1% F hrol

1 AldE AABHAE

N
v
o
i

50 D R e S R A R R e S S S A S R S AR A S R S R R R AR e S i R USRI,
Ry sl

N R e Y e
L R ot = o il ol N S
&) : : : P g : : : :
B A0 --oee b W R - - F G T kR e g o ]
@ : j ' ; ' ' '
b i : ; / ; : : ; j
SR E e 4 B S Semwi
(e i . : —+— WWhite Metal(Pt1)
- ocrrl NN, B R —&— WWhite Metal(Pt2)
i i i i —B— White Metal(Pt3)

____________________________________________ —— K-PEEK(Pt1)

. . . —&— |<.PEEK[PtZ)

% ; : ; —B— K- PEEK(P3)

0

i i
20 40 B0 a0 100 120 140 160 180
Tirne(hin)

Fig. 5.4. K-PEEK and White Metal Bearing Temperature Graph at 3600rpm

5.2 W38t He A A&

Alg A3} K-PEEK Journal Bearing®} White Metal Journal Bearing ZF

5]
o emult £%7k 600rpn oA SRS Apol7h At ol oF
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AA A Ao A% K-PEEK Bearing®] wl&# Al5o] White Metalol
H 3] -=3FA|F EobA Ao wpE o wh EAlo] 4o T
R

Table. 5.2. Comparing Test Results

White Metal Bearing K-PEEK Bearing Gap
A Pt1 | Pt2 | Pt3 | Ptl | Pt2 | Pt3 | Average

(o]
Increasing Speed | 53.6 | 58.5 | 56.0 | 44.8 | 46.2 | 46.9 10.1
Normal Speed 45,1 | 44.7 | 45.1 | 42.4 | 42.1 | 41.8 2.9

Over Speed 58.2 | 51.8 | 54.9 | 49.1 | 49.4 | 49.4 5.7

|
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Fig. 6.1.
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6.1.1 Test Condition

FARG NG AA FHBARY 4% NPT FAT 2A0A BN

R8s

o:
akci)

=
3}$I T}, Bearing Saturation Test, Continuous Running Test& WHA|H =
A A5t
Bearing Saturation Test % %91 5l4rpmel] W& Hx 1/4 &%
j s

2 s shar 27) el

Table. 6.1. Test Condition

Bearing Saturation Test Cont inuous Running Test

Test 1 Test 2 Test. 3 Test 4, 5
1/4 Until Saturation
2/4 Until Saturation
RPM : - 514 514
3/4 Until Saturation

4/4 Until Saturation

Load 2 Ton 1 Ton 2 Ton
Cooling
None Use Use Use
system

6.1.2 553} Bearing ¥3}FA1H
Table. 6.1.9] Bearing Saturation TestZ= A&t Test:= WA 7]
$ Ao dojA Cooling System® ZLFHFE= 2<lslr] 93] Cooling
Systems EH-A st AFS AT, F AL AE Ade

Fig. 6.3.¢} Fig. 6.4 YJERAATE.
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Bearing Temperature Graph
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Fig. 6.2. Running Test Before Oil Cooling System

Bearing Temperature Graph
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Fig. 6.3. Running Test After Oil Cooling System
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6.1.3 Continuous Running Test

Continuous Running Test A%14<2] 514 rpmol| 4] Bearing &% W

3= At A1d Z4LS Table. 6.1.9 Continuous Running
of o3 AAlsttt. Thrust Bearingel s = o A7]d] w&

wste] 4EE 5] Paig @

Temp(C)

&0
85

a0

she] AlWe AASAT.

Bearing Temperature Graph

——————————————————————————————————————————————————————

———————————————————————————————————————————

ST —B— ThstBry

______________________________________________________

______________________________________________________

—2&— UGBry

LoGBry
' =— ThnBrg
i —+—Inlet Qil

i —— Outlet Oil

Time(Min)

Fig. 6.4+ HalfsLoad Condition Running Test
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Temp(C)

Temp(C)

Bearing Temperature Graph

---------- VoTTTTTTTTTTTIT T —@—ThistBry
_____________ s et s s Ve LoGBrg
ThnBrg
A R A L R O R R e —+— Inlst Oil
: i : —— Outlet Ol
10 15 20 25

Tirne(Hour)

a. 5ldrpm, 2ton Condition - 24 Hr

Bearing Temperature Graph

L
= : ; : : ' | —E— ThstBrg
20 e T SO NPT | FIPNSISN. S S LoGBry
R
L e S et S oy Gt S e 110
- ] : j : j ; | | ——Outlst Ol
O 10 20 30 40 &0 &0 70 830 90 100

Time(Hour)

a. 5l4rpm, 2ton Condition - 100 Hr
Fig. 6.5. Full Load Continuous Running Test
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Guide Vain

Fig. 6.6. Aberration Generator Turbine Part

Table. 6.2. Guide Vain Opening Rate at First Rotating

Previous Guide Vain Opening New Bearing Guide Vain Opening

12.3% 6.8%

Table. 6.3.°14 7]¥ White Metal Bearing A Alel|= Guide Vain 7Y
Tgo] 12.3% A FA A7 8 do] AlAEATE. sHA R 72 Bearing
g AlE 6.809 AE7E o] FolA ot EAT|IF IS A Asisitt.
ol 3|HF& AA ok Bearingold W& whEHE s 7|Eo =S|

55.3% A2 3o z2%x wAdy| sfdol-ztsds 5T

6.3.2 53} Bearing X3} Alg

F-23} Bearing ¥3} Al¥e] /M@ HZ Shaft 3 AE5E2] 1/4

FrASPH A Bearing >%=7F E3pA RO mgstA gtk o] F 1/44

TE SV AAL £E0 Sldrpmoll A 3 25 AEHFE A

o|t}. White Metal®d} wW]aLs] 7R+ Bearing?] A% Hx 7]& & @+
& H

e AlrE Qs HAx =9 £57) 430rpmel] Este] 25 GAEE A

o dp o

d
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8317171 o Hh. whEbA 2wkAlo] st Adrt A E AT,
Table. 6.3. New Bearing Non-loaded Running Test Results

] Vibration Bear ing
A4 .
(ym/p—p) Temp. (C)
oz Ex Gen TBN TBN
H Vv H Vv H Vv
514 RPM
42 12 28 14 8 4 11.9
(Full Speed)
430 RPM
40 8 22 10 6 3 11.0
(Start Speed)

X5} Bearing ¥3F Al@ o] A3 Table. 6.3.9] PG, AEe] A
T= 7|8 0% Turbine Bearing &%+ 12T WjollA E3}7} o] F X
H, s AEE Excitationol A tha @ASA|RE 7]E9] s FAE W

et

)

6.3.3 H-31'H Bearing ¥3} A ¥
351 Bearing XA HL T HA S E<Q] 514rpmell A
S57Ao] o|FoXH, FaE 1/448 2 A8t ¥ GA=
Bearing® %7} X3k Ho| =Ershd

Table. 6.4. Loaded Running Test Results

} Vibration Bearing
=44 o

(um/p=p) Temp (C)
onzA Ex Gen TBN BN

H v H v H v

514 RPM (14.2 MW) 53 9 45 9 4 13.7
514 RPM (10.9 MW) 46 10 41 10 9 4 12.8
514 RPM (8 MW) bb 13 45 14 10 5) 12.5
514 RPM (4 MW) 81 15 | 71 18 11 5 11.5
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HE s Ag Ay Table. 6.4.9014 & 5 Qo). 4MW F-3}
Alel g0l tha Bt AeHAl HASHAA N Fats Skl whet X159
AL FoEY, ¥3LE AR 7]F9 45T Hla] 15CH= <oHd
oz FAFHAT

_47_



712] white metale] 7} @8-S BHA37] 3l Bearing A ZQ A&
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3

. o

o
rir
Bz

oA oA o] Fojz &S Bearing A7le L3k SAetv|gER &
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& A EATLE

5

& AA3

Bearing Clearance® ZAG=Att. AA| 7 Bearing 4

st FAIAS Hetslr] fEl FHe A AP FAREEY A
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