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Introduction

- High performance characteristics such as long life, low torque, small
temperature rise, low noise, low wear and high corrosion resistance are

required for rolling bearings.
- Rolling bearings are classified one of the most important machine elements.

-The various function of bearings are greatly influenced by grease, and higher
performance of rolling bearings is required to improve bearing lubrication.

Objectives
- Characterization of the synthesized three urea/ether oil greases with different

content of the thickener.
- Investigation of the important factor dominating the performance of the grease
- Investigation of typical grease properties and FE-9 grease life test.
- Selection of optimized greases by SSRED Program ( Six Sigma Robust
Engineering Design)
- The evaluation of optimized greases by means of bearing endurance tester.
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Experimental

- Test of physical properties of grease

- Test of FE-9(DIN 51821) grease life
- Micrographs & SEM

- FT- IR, TG/DSC & TAN( mg¢KOH/g)
- Test of oxidation induction time

- Synthesis of the optimum greases

- Evaluation of bearing endurance test

#
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Composition of Grease
Thickener +| Baseoll | +|  Addiives

10 ~ 25 % 70 ~ 95% 2 ~ 5%
- Heat resistance - Lubrication -EP
- Water washout - Heat resistance - Oxidation stability
- Mechanical stability - Low temperature - Rust preventive

performance
- Oxidation stability
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Fig. Structure of rolling bearing set.
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Table Composition of Synthesized Greases

Grease | Thickener Base oil thi(éizge;t(\zi %)
A Urea Ether oil 15
B Urea Ether oil 17
C Urea Ether oil 20
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Table Properties of Greases .

Test method aresse A . B 4 ¢
Thickener - * Urea Urea Urea
Base oil - Ether Ether Ether
Worked penetration KS M 2032 295 287 285
Dropping point 'C KS M 2033 245 255 260
Oil separation KS M 2050 15 1.3 1.2

(100 Cx24hr, wt%)

Oxidation stability

(99 °Cx100hr. kg/en)
Bearing rust preventive ASTM D1743

KS M 2049 0.17 0.15 0.1

(52°C, 48hr) i i #‘l.
— T a0 T 965 Y 96.1 «
\%
lscosn(lycgf ;)ase oil KS M 2014
100°C 1 10 L
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T Housing of thea test unit a8 S
2 Snaft 8 Eloctric motor
3 Test bearng 10 Electric rosistance hoating
4 Auxifiary Dearing 1t Tesat head
5 Shalt nut 12 Housing cap
6 Spring washer 13 Heat insulating cover
7 Tensioning device

Fig. Schematic diagram of FE-9grease life tester.
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Table Conditions of FE-9Grease Life Test

. FAG 529689 B/R
Test bearing (Angular contact ball B/R)
1+0.1g
Amount of grease | (35, volume of free space)
Temperature 160°C
Rotation speed 6,000 rpm
Applied load 150 kg,

e
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Fig. Results of FE-9grease life test.
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C Grease

Fig. The grease B/R after FE-9 grease life test.
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C Grease
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Fig. Micrographs of grease C before(left) and .after(right) life test.
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A% 3,200

Fig. Electro micrographs of thickener in grease C before life test.
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Fig. IR transmittance spectra of grease C before and after life test.
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Heat Flow (Wig)

Weght (%)
5
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Fig. TG/DSC analysis curves of grease C before (solid line)
and after(dotted line) life test.
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Table OIT value of greases before and after life test

Grease New Grease | Used Grease
A Grease 38 20
B Grease 37 27
C Grease 40 34
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Table TAN(MgKOH/g) data of greases before
and after life test

Grease A B C
Before 0.29 0.47 0.30
After 3.79 2.78 2.15
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Table Orthogonal array L12 [ 2(11) ]

Factorial Level 1 Level 2
Thickener type Amine - 1 Amine - 2
Thickener content(wt%) 20 17
AO Type Amine Phenol
AC Type Metal - 1 Metal - 2
AW Type AW - 1 AW - 2
AQO content ( wt%) 0.5 1.0
AC content (wt%) 1.0 1.5
AW content (wt%) 1.0 1.5
Reaction condition (C) 160 180
Reaction condition (rpm) 30 15
Roll milling( a time) 2 4

% AO: Antioxidation, AC:Anti corrosion, AW : Anti wear

o - - - - "
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Table Kind of grease additives
Additive Level 1 _ Level 2
Anti Oxidation Amine ( Benzenamine) Phenol (BHT)
additive (CsHN) CsH, (OH)(CH;) [C(CH; )1 ,
Anti Corrosion . Non metal ( 2-heptadecenyl-4,
. Metal ( Barium Sulfonate) .
additive (5H)-Oxazoledimethanol )
Anti wear .
. Metal ( Zn-DTP) Non metal( Amine Phosphate)
additive

. - - = ]
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Table Result of anderon test( 6203UU)

Baxplots of Anderon
eans wre ckcaed by schd crcdem)
One-way ANOVA LB, MB. HB
s 0
Analysia of Variance
Soute DF SS MS F P
Faclor 2 19.5120 9.7560 149.67 0.000 1
Emor 27 1.7600 0.0652 FERED et
Total 28 21.2720 i
Individual D5%Cls For Mean i .
Basad on Pooled StDev o
Level N Mean StDev
L8 10 4.0000 0.4082 (=)
MB 10 22600 0.1350 (—=) m [}
8 10 2.3200 01033 (—«) 2]
T T T
Poaled StDev = 0.2563 240 300 3.60 420 Ll § 2
Boxplots of Anderon
(means wre Indcated by acad aroies)
One~way ANOVA LB, MB. HB [ .
Pratysis of Variance . —
Souce OF 85 MS F P §
Factor 2 18.0587 0.5293 173.85 0.000 5 s
Enor 27 1.4800 0.0548 g g *
Tota 29 20.5387 -
Wndividual 95% Cis For Maan o]
Based on Pooled S1Dev
Level N Moan  StDev —— byt 25
8 10 3.9200 0.3458 (=) [rm)
MB 10 22000 0.1886 (—=} E
B 10 22600 0.0966 (—) 20
T T T
Pooled StDev = 0.2341 240 300 360 420 9 L £
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Table Result of grease dropping point test

RED — Raw Data — Synthesis of Optimum Grease(Dropping point)
Date: 2004-02-11 Time: 1:35:21 2%

input File Name: gredpdata@utput File Name: red1.out

Data Type: Continuous Data Characteristics: Larger—the—Better
Inner Array Interactions: O Quter Array Interactions: 0

Factors and Levels

Controllablelinner} Factors; (¥): Current or Standard Level

SymbolName Level 1 Level 2
A Thick Amine~1(*Amine-2
8 Thick co  20(*) 17

C ACtype  Amine(*) Phenol
[»] ACtype  Metal-1(*)Metap—2
E AWtype  AW=1(x) AwW-2

F AQcon  0.5(+) 1.0

G ACcon 1.0(*) 1.5

H AWcon  1.0(%) 1.5

| Re conT 160(*) 180

J Re rom  30(%) 15

K Roll 2(+) 4

L~ e
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ANOVA Table (Raw Data)

Factof S \ Fo Test Contribution
Sym (DoF) (Variation) (Variance) (F—Value)

A 1 38.028 38.028 5.7 = 5.3 %

8 1 132.26 132.25 19.9 www 21.3 %
C 1 17.36 17.36 - pool

[=) 1 0.02778 0.02778 -— pool

E 1 17.36 17.38 - pool

F 1 2.25 2.25 - pool

G 1 124.69 124.69 18.8 www 20.0 %
= 1 0.6944 0.6944 - pool

1 1 38.028 38.028 5.7 ww 5.3 %

J 1 34.028 34.028 5.1 e 4.6 %

K 1 30.25 30.25 4.6 ww 4.0 9%
e(p) 5 37.6944 7.53889 - - 7.7 %
e(2) 24 154.67 6.4444 - - 31.7 %
e (29) (192.36) (6.63311) — - (39.4 9%)
Total 35 589.639 - - - 100.0 %

Estimate of Optimum Conditions (Raw Data)

Factor Level

(A) Thick (1) Amine—1
(B) Thick co (1) 20

(G) ACcon  (2) 1.5

(1) Re conT (1) 160

(J) Rerpm (2) 15

(K) Roll (2) 4

Mean of data when all factors set at current or standard level
260.333

Mear of data of all experiments
260.194

Predicted Optimized Mean at Estimated Optimum Conditions

267.917 ( +/— 4.02 ) { 2.919% Improved mean value over standard run )
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Table Result of grease OIT test

RED — Raw Data — Synthesis of Optimum Gtrase(OIT Value)
Date: 2004-02—-11 Time: 1:35:21 2%

Input File Name: new.in Output File Name: greaseop.out

Oata Type: Continuous Data Characteristics: Larger—the—Better
Inner Array Interactions: 0 Outer Array Interactions: 0

Factors and Levels

Controilable{lnner} Factors: (*): Current or Standard Level

SymbolName Level 1 Level 2
A Thick Amine—1{*Amine-2
B Thick co  20(¥) 17

C AOtype  Amine(*) Phenol
D ACtype  Metal—1(*)Metap-2
€ AWtype AW-1(*) AW-2

F AQcon 0.5(*) 1.0

G ACcon 1.0(%) 1.5

H AWcon  1.0(«) 1.5

1 Re conT 160(*) 180

J Re rpm  30{*) 15

K Rott 2(+) 4

BEARINGS
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ANOVA Table (Raw Data)

Factof v Fo Test Contribution
Sym (Dof) (Variation) (Variance) (F—-Value)
a. .18

=3

A 1 18 . > 20.6 %
8 1 9.9008 9.9008 96.1 w222 %
[=3 1 0.00083340.0008334— pool

=) 1 4.4408 4.4408 43.1 www 9.8 %
E 1 ©.80083 0.80083 7.8 - 1.6 %
F 1 1.6875 1.6875 16.4 = 3.6 %
G 1 7.5208 7.5208 73.0 wew  16.8 %
H 1 0.3008 0.3008 - pool

1 1 1.8408 1.8408 17.9 -~ 3.9 %
J 1 8.5008 8.5008 82.5 =% 19.0 %
IS 1 0.0075 0.0075 - pool

e(p) 3 0.30916 0.103053 - - 2.6 %
(e) (3) (0.30916) (0.103053 ) - (2.6 9)
Total 11 44,1882 - - - 100.0 %

Estimate ot Optimum Conditions (Raw Data)

Factor Lesvel

(A) Thick (2) Amine-2
{B) Thick co (1) 20

(D) ACtype (1) Metal—1
(€) Awtype (1) AwW-1
(F) ACcon (2) 1.0

(G) ACcon (2)1.5

(1) Ae conT (1) 160

(J) Re rpm (2) 15

Mean of cata wnan all factors set at current or standard level
25.400

Mean of aata of all experiments
26.242

Predioted Optimized Mean at Estimated Optimum Conditions

31.292 ( +/~ 0.885 ) ( 23.29% Improved mean value over standard run )

e —
FAG Bearings Korea Corp.

Verification test FAG KBC

BEARINGS

Verification test of grease dropping point I

Factorial Level
(A) Thickener content (1) 20 %
(E)AW Type (1) AW-1
(G)AC Content 2 15%
( 1) Reaction condition ( €T ) (1) 160 ¢
(K) Roll milling (a time) 2 4
Verification test
Estimated Value at
Optimized condition Test 1 Test 2 Test 3
267 265 267 264

L~ - -

FAG Bearings Korea Corp.

167




Verification test FALG KBC

fVerification test of grease OIT(Oxidation Induction time) l

Optimum Condition Factorial Level

(A) Thickener type (2) Amine-2

(B) Thickener content (1) 20%

(D) AC Type (1) Metal - 1

(E) AW Type (1) AW-1

{F) AQ Content @) 1.0%

(G) AC Content (2) 1.5%

(1) Reaction condition{ C ) (1) 160 C

(J) Reaction condition{ rpm ) (2) 15rpm
Verification test

{ Unit : min)
Estimated Value at ' o
Optimized Condition Test 1 Test -2 Test 3
31.29 32.34 33.57 33.97

M
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Table Conditions of bearing endurance test

Test bearing #6203 UU
1+0.1g
Amount of grease | (359, volume of free space)
Temperature 150°C
Rotation speed 10,000 rpm
Applied load 100 kg,

M
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Fig. Results of bearing life test.
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Conclusion

- Three urea/ether oil greases with different content of the thickener
were synthesized and the performance of these greases were compared.
The typical grease properties were investigated. And life test of these greases
was conducted by FE-9 grease life tester( DIN 51821).
The characteristics of the greases before and after life test were investigated
by FT-IR, Micrograph, SEM, DSC-TGA, OIT( oxidation induction time) and
TAN meter.

- Large differences in the grease performance depending on the content of the
thickener were observed.
The grease with higher content of the thickener showed higher performance
such as long life time and low TAN value.

- Twelve greases were synthesized and evaluated the performance of dropping
point and OIT.
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- Optimized two greases were selected by SSRED ( Six Sigma Robust
Engineering Design)

- Characteristics of the optimized two greases by SSRED showed the same
level with estimated values.

- The optimized grease by means of OIT value showed longer grease life
in comparison with optimized grease by dropping point.
Specially, the life time of the optimum grease using OITvalue was 1.5 times
lomger than that of the optimum grease using dropping point

-Optimized two greases showed higher performance than typical urea/ether

oil.
- The end -
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