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A Study on Synthesis and Characteristics of the
Optimum Urea Type Greaes for Rolling Bearings

Sang-Keun Kim*, Byung-Kwan Kim, Jong-Dae Han'

*R&D Center, FAG Bearings Korea Corp.,
Dept. of Chemical Engineering, Changwon National University

Abstract — 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 bearing greases is required to
improve bearing lubrication. Three urea/ether oil greases with different composition were synthesized to compare
the performance of these greases. The typical grease physical properties were investigated, and life test of these
greases was conducted by FE-9 grease life tester. The grease with higher content of the thickener showed higher
performance. After these preliminary test, twelve greases were synthesized and evaluated the performance of
dropping point and OIT value. And optimized conditions for grease synthesis were selected by SSRED (Six
Sigma Robust Engineering Design) using dropping point and OIT value respectively. The optimized grease using
OIT value showed longer grease life than that using dropping point. Two greases were synthesized following the
optimum synthesis conditions by means of OIT value. Then grease life and other properties of these greases were
investigated. These two greasaes showed longer grease life than typical urea/ether oil grease.

Key words —rolling bearing, grease life, optimum grease, bearing lubrication.
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Table 1. Conditions of grease life test
FAG 529689 B/R

Test bearing (angular cantact ball B/R)
1£0.1g

Amount of grease (35% volume of free space)

Temperature 160°C

Rotational speed 6,000 rpm

Applied load 150 kgy
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HE Fuxe] YL AT dAS $52 Table 29

Table 2. Factors and levels of grease synthesis for
orthogonal array

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

AO’: Anti oxidation
AC™: Anti corrosion
AW™": Anti wear
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Table 3. Physical properties of grease
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Grease

Test method A B ¢
Thickener Urea (15%) Urea (17%) Urea (20%)
Base oil Ether Ether Ether
Worked penetration KSM2032 295 287 285
Dropping point (°C) KSM2033 245 255 260
Oil separation (100°C x24 hr, wt%) KSM2050 1.5 1.3 1.2
Oxidation stability (99°Cx 100 hr, kg/em®)  KSM2049 0.17 0.15 0.10
Bearinrust preventive (52°C, 48 hr) STMD1743 #1 # 1 # 1
Viscosity of base oil 40°C 96.5 97.0 96.1
(cSH y 100°C KSM2014 1 10 10
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Table 4. Dropping point and OIT value of grease

Test Dropping point (°C) oIT
number 1st 2nd 3rd (min)
1 262 260 259 254
2 265 268 265 28.9
3 260 264 262 24.5
4 259 262 260 23.7
5 260 259 257 25.8
6 259 260 - 261 239
7 263 267 265 29.5
8 262 264 267 28.9
9 251 260 254 257
10 259 257 250 24.8
11 260 259 257 26.5
12 259 254 257 273
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RED - Raw Data — Synthesis of Optimum Grease(Dropping point}

Date: 2004-02~11 Time: 1:35:21 p.m.

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

Data Type: Continuous Data Characteristics: Larger~the-~Better
Inner Array Interactions: 0 Outer Array Interections: O

Factors and Levels

Cantrallable({inner) Factors; (*): Current or Standard Level
SymbolName tevel 1 Levet 2

Thick Amine—1(+pmine~2

Thiok co  20{«) 17

A

8

C AOtype  Amine(») Phenol
D ACtype  Metal-1(=)Metap—2
E AWtype  AW=-1(») AW-2
F ACcon 0.5(%) 1.0

G ACcon  1.0(«) 1.5

H Awcon  1.0(») 1.5

| Re conT 160(x) 180

J Rerpm  30(+) 15

K Roll 2(») 4

Orthogonal Arrays

Inner Array: Std L12[2(11}] Outer Array: None
Exp Factor Column

1 11111111111
2 11111222222
3 11222111222
4 12122122112
5 12212212121
6 12221221211
7 2t221122121
8 21212221112
9 21122212211
10 22211112212
11 22121211122
12 22112121221

Level Mean (Raw Data)

Mean
62.3 -\ 7
B1.2
oy AN AN / AN
g0t N\ / N/
259. \\ 7
79 4 B ¢ Db E F G H 1 J K

Level Change of Factors

Legend of Graph

Factors

Raw Input Data

Data
270
264 ! 17 z

R B X
258 4 13 i
252
S W GRS D T S R L

246

1 2 3 4 5 6 7 & 9
Experiment Number

10 11 12

Level Sum (Raw Data)

Factor Level

Sym 1 2

A 4702 4665
8 4718 4649
Cc 4671 4696
D 4684 4683
E 4696 4671
F 4679 4688
G 4650 4717
H 4686 4681
| 4702 4665
J 4666 4701
K 4667 4700

Fig. 1. Process of SSRED using dropping point.
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ANOVA Table (Raw Data)

Factof S Vv Fo
Sym {DcF) (Variation) (Variance) {(F-Value)

Test Contribution

A 38.028 38.028 5.7 ** 53%
B8 1 132.25 132.25 19.9 e 213 %
C 1 17.36 17.36 - pool

(o] 1 0.02778 0.02778 - pool

€ 1 17.36 17.36 - pool

F 1 2.25 2.25 - pool

G 1 12469 12469 188 *»* 20.0 %
H 1 0.6944 0.6944 - pool

t 1 38.028 38.028 5.7 “ 53%

J 1 34.028 34.028 5.1 4.6 %

K 1 30.25 30.25 4.6 ** 4.0 %
elp) 5 37.6944 7.53889 - - 77%
e(2) 24 154.67 6.4444 = - 31.7 %
{e) (29) (192.36) (6.63311) — - (39.4 %)
Total 35 589.638 - - - 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

() Re conT (1) 160

(W) Rerpm (2) 15

(K) Roll 2)4

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

Mean of data of all experiments
260.194

Predicted Optimized Mean at Estimated Optimum Conditions

267.917 (+/- 4.02 ) ( 2.91% Improved mean value over standard run )

Fig. 2. Result of SSRED using dropping point.
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ANOVA Table (Raw Data)

Factof S v Fo Test Contribution
Sym (DcF) {Variation) (Variance) (F-Value)

A 1 9.1875 9.1875 89.2 wwx 206 %
8 1 9.9008 9.9008 - 96.1 whw 222 %
o} 1 0.00083340.0008334~ pool

D 1 4.4408 4.4408 43.1 *** 98 %

E 1 0.80083 0.80083 7.8 » 1.6 %

F 1 16875 1.6875 16.4 % 3.6%

G 1 7.5208 7.5208 73.0 *wx 16.8 %
H 1 0.3008 0.3008 - pool

l 1 1.8408 1.8408 17.9 *» 3.8 %

J 1 8.5008 8.5008 825 o 19.0 %
K 1 0.0075 0.0075 - pool

elp) 3 0.30916 0.103053 — - 26%
(e} (3) (0.30916) (0.103053)r - (2.6 %)
Total 11 44,1892 - - - 100.0 %

Estimate of Optimum Conditions (Raw Data)

Factor Level

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

(D) ACtype (1} Metal—1
(E) AWtype (1) Aw-1
(F) AOcon (2} 1.0

(G) ACcon (2}1.5

() Re conT (1) 160
{J)Rerpm (2} 15

Mean of data when all factors set at current or standard level
25.400

Mean of data of all experiments
26.242

Predicted Optimized Mean at Estimated Optimum Conditions

31.292 ( +/- 0.885 ) ( 23.2% Improved mean value over standard run )

Fig. 3. Result of SSRED using OIT value.

& o]&3 Fig. 29| A2} OITa:E ©]83 Fig. 39
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Table 5. Physical properties of grease

T )
o
O}

fu)

Grease

Test method b E
Thickener Urea (17%) Urea (20%)
Base oil Ether Ether
Worked penetration KSM2032 280 267
Dropping point (°C) KSM2033 250 265
Oil separation (100°Cx 24 hr, wt%) KSM2050 1.5 1.0
Oxidation stability (99°Cx 100 hr, kg/cm®) KSM2049 0.10 0.07
Bearinrust preventive (52°C, 48 hr) STMD1743 #1 #1
Viscosity of base oil 40°C KSM2014 96.0 97.0
(cSH) 100°C 10 11
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Fig. 4. Electron micrographs of thickener (a) before and
(b) after life test.
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Table 6. Iron amount in the grease before and after

life test (Unit: ppm)
Grease D1 D2 El E2
Before 69 70 63 64
After 138 167 187 188

oA DIElol2 (D1, D2yt detare] BRI HA]
¥ Foll= EaolX(El, E2y7F B4 JEldth A
He] de] ke A sl EgE A dHF
Yellr Hel o] Frlel] W ogE Bt 9
Ag Folle Hojge] npRe] 7)RIste He] gefo)
Z718I9AR 25 200 ppm ©}3l2 Hd) HEF=U
1000 ppms}2] Vlwatd 34 we e vepiich
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