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Study on the Wear Prevention of

Mono Flex Pump Impeller

Jung - Ki Kwon

Department of Control and Mechanical Engineering,

Graduate School of Pukyong National-University

Abstract
The Mono flex impeller(CR), which is installed inside ' the bronze
housing of the conventional Mono flex pump, 1s causes the abrasion.
Because of the source of breakdown, there is a need to study to

prevent the abrasion.

In this study, to-solve .thissproblem, + abrasion test of the rotating
impeller equipped with poly=acetal -membrane bushing shape between
the mono flex housing and impeller were conducted using several

approaches.

Through the change of oil temperature, rotation speed of the impeller
and propulsion pressure, the abrasion test equipped with CR-rubber
and acetal bushing was intended to contribute to the actual design of

the parts by conducting experimental comparison and analysing.
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Photo. 1. Photoegraph of experimental apparatus




Photo. 2 Photograph of test section

M ::ﬂg;) -
@D Inverter @ 3P-Motor 3)-Mono flex pump @ -Air inlet port
® Thermo couple ® Temperature controller @ Pressure gauge

Thermo sensor @ Stop valve

Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Mechanical properties of friction test materials

Material
. Acetal Bronze CR
Qualities
Specific gravity 142 9 1.15-1.25
Tensile strength (kgy/em?) 60-250 2000 500-700
Brinell Hardness 36 86-89 40. - 90
Wear resistant Excellence Excellence Satisfaction

Table 2 Chemical qualities of friction test materials

Material
Chemica Acetal Chloroprene. Rubber Bronze
qualities
Chemical formula | (-O-CHz=), CH>=C(CH3)CH=CH> _
2-Methyl-1,
Chemical name Poly Oxy Methylene Cu-Sn
3-Butadiene
Fatigue, Friction, ) Corrosion
Feature ) Ozone resistance )
Wear resistance resistance

_11_
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H A o} 25T A= 03394 015574 =1 WHatg® A4 H3
=
HeAde H2xs-4 CRAZ dEH(CR - Br)¢ HxZs9-A el

ZEjop gt d s FFYS ¥ CRAE JH2l(CR - Aol 2= 25T
4 ) wpRAGe] g2 dkE Skegrell AE 002, 85 15kgell A= 002,
?lal 8% 20kgol M= 0.0250190 0. 2= 35T A w wpEASe g2 &)

% bkgllAlE 0025, 35 15kgell A= 0.03, 18la a5 25kg:ol Al
0.0280]1 %}t &% 45C < w vpEAF2] F2 st bkgoll A= 0.025, 3
% 15kgiol A= 0.025, 18}at sk% 25kgioll A1=.0.02¢] A& ko] 5%
=

s
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0.40
0.35
0.30
0.25
= 020
0.15
0.10

0.05

—=&— CR - Bronze (25 °C) i
—O— CR-Bronze (35°C)|
—%*— CR-Bronze (45°C)|

Fig. 2 Comparison. of friction coefficient

change. (CR = Bronze)
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0.40 |- -

—=— CR-Acetal (25°C)
» —O— CR - Acetal (35°C)

0.30 |- —*— CR - Acetal (45°C) -
025 | -
*s

0.35 |-

=S o20f \ -
I - |
0.15 |- e 4
0.10 |- \ i
*\O\o
0.05 |- N g ¢t Y u
1 I 1 1 1
0 5 10 15 20 25 30
load ' (kg,)

Fig. 3 Comparison. of friction coefficient  depend on /Temperature

change (CR = Acetal)
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ato] CRAIE 4@ ete] sjdvpzo] o3 vpEAIF(CR - Ac)e 38t

AP E 30%, 3d4= 700rpm, === 25TColA ste¥ste] wE v

npR o] St e &g Uk oA opAlEE AU &8 54
(Self lubricant property)ell o8 22 ko] vl AGE 2t 7] W&
o, opAlgd et RS ARstel CRAE e ke 3wz o3
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ol

ARAE 30, FAFE T00mpm, SEE 35CAA sFuse] e v
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ReEe 0.341g, st o] 1bkgr ¥ w mFE=FS 0.365g 12 il stF o] 25kgs
QW ol 0383g oAtk CR - AcolAl ahFo] Skgr U W whma
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= 0.252g, st%o] 15kgy & W wiR S 0.268g 121 stFo] 25kg; o

stol CRAE 1A eto] spdubzko] o3k wpRAIA(CR - Ac)s sttt
3 HE¢E 700rpm, &%= 45T oA s3] wE n}
R stE eI Fig. 6914 B ¢ kol skF el S 7tstel wek
ntR ko] FrketeE AS & 4 Utk CR - BrolAl stEel Skgr ¢

np R (0.344g, St59] 15kgr € wf mEEERS 0372g, 1@l 3150
25kgr & w] mpREES (0.385g ©]2Uth CR - AceolA stso] Bkgr & uwj
npR 2 0.281g, Stso] 1okgr € ® mEE S 0307g, Ll 350l

20kgr & W] WRRLFE0.325g o2 FAF A
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0.38 : , . . - . - . - T
| ]
0.36 | _// }
L — 7]
0-34 | / —
I n —m— CR-Bronze (25°C) |1
_ 0.32 |- —O— CR-Acetal (25°C) |7
(9]
% 030 1 |
»
j: I
= 028 | |
o)) | @]
32 o
0.26 | © ]
; I O/ 4
0.24 |- / ]
L ] i
022 | ]
0.20 i o : e =1
0 5 10 15 20 * 30
load (kg,)

Fig. 4 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 25C, 700rpm)
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0.40 : : . : . , . , . ,

0.38 i . ™ _
0.36 | — " i
034 | / —=— CR-Bronze (35°C)

- —O— CR-Acetal (35°C)
032 | -

0.30 |- -
@)

028 |- - i
L O/O/O 4
0.26 | e 4

0.24 - -

Wieght loss (g)

0.22 - -

0.20 L | s | L | L | L |

load (kg.)

Fig. 5 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 35C, 700rpm)
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0.40 : : . : . , . , . ,

I . ]
038 |- .- -
- / 4
0.36 |- / 4
034 | " i
—_~ I O/O T
3 032 — 4
[%)] r 4
8 030 i
—-— o O -
S 0281 o—" —m— CR-Bronze (45°C) |
= i —O0— CR - Acetal (45°C) i
0.26 |- 4
024 | 4
022} 4
0.20 I A I A 1 L 1 A 1 A 1
0 5 10 15 20 25 30

load (kg.)

Fig. 6 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 45C, 700rpm)
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Fig. 7¢ A5Ade BZat943 CRAZ Aelo) 3 dntdo] @
SEEAG(CR - B3t FEAAS] FIZSS AW opE we nye 33

ato] CRAIE ool sjdvpdo] o3k vpEAIH(CR - Ac)e 38t

npr ko] FrletE AL & 5 Atk CR - BrolA dhso] Skgr & w1}
e 0421g , ko] 15kgr ¥ Wl mlR S 0453g, @i 150
2kgr & ol wlEHL 047g o]tk CR - AcolA dtso] Skgr & o
R EEe 0.271g, dtF ol 15kg; & wl mREE-0.3g, 12lal 3t5 o] 25kg:
d w mREFL 032 o2 SAFATH

Fig. 49} ¥iA], = 3 d57F 200rpm 57Fet1S # CR - BrolA &
% bBkgroll A= vk ol 0.11g, 85 15kgol A= 0.093g, ¥
&% 25kg ol A& 0.097g9] Zol7F AT CR - AcolA 8% Skgroll A
= npe el ol 0.039g, st 15kgell A& 0.069g, L2l st 25kg;
A= 0.047ge] AFol7h ATk o] AL B¢ Frhgtel wep & 3w

g g mdeErt 4egor ntrge Frtshs gow e

o2

AFA7E 30%, 3 ASE 900rpm, =% 35TCoA sl e nf
EestE yetidlel Fig. 894 & & ol stgol F7Fgel wet
np ko] Frtske AS 4 4 vk CR - BrolA &%) bkgr 4 o v}
B2 0431g, stso] 15kgr ¢ wf wPR S 0462g, 1831 dtF o] 25kgs

496g ©]Atk. CR - AcellA st5o] bkgr & wf mpREF
2 0.285g, 3FF°] 1bkgr & w w2 0.312g, 183 st5o] 25kgr o
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w vl e 0.355g o2 ZAE A}

Fig. 59 HlaAl, & 31147} 200rpm S7bekd& o CR - BrelAl s}
% bkgroll = whEHE] Zoli= 0.09g, 3H5 15kgrll A& 0.097g, —18]aL
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0.55 T T T T T T T T T T
0.50 | .
_/i
0.45 |- . 4
@ / o
8 040 L —®— CR-Bronze (25 °C) | |
2 —O— CR-Acetal (25°C)
4
< 035 .
=
O/O
030 | O/o/ i
o/
025 : | \ | A 1 i | \ | \ i
0 5 10 15 20 25 30
load (kg,)

Fig. 7 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 25C, 900rpm)
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0.55 . , . , . , . , . ,

0.50 |- -

045 |- / -

~ ]
% —=&— CR-Bronze (35°C)
g 040 —0— CR-Acetal (35°C) |
=
5 o
L o35} .
< O/
I o/ |
0.30 | /0/ -
(@'
025 .
L | L | L | L | 1 | 1
0 5 10 15 20 25 30
load (kg.)

Fig. 8 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 35T, 900rpm)
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0.55 . , . , . , . , . ,
| ]
0.50 | — i

0.45 -

C
[%)]
& 040 O/O .
_g') I O/ i
é’ 035 | O/ .
O —=®— CR-Bronze (45°C)
0.30 | —O— CR-Acetal (45°C) |-
0.25 |- 4
' | ' | ' | ' | ' | 1
0 5 10 15 20 25 30

load (kg.)

Fig. 9 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 45T, 900rpm)
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Fig. 102> H&Ade] #Hzs947 CRAZ d=ee] s zdnpze o
MRAIF(CR - Br)% A4 2t Au opAle vk R4S g
sto] CRAIA ddefete] s]dwupzo] 9%k nfRAIE(CR - Ac)S 3FTh
AYPA e 30%, 3 AFE 1100rpm, &%= 25CoA aFwstd] wa
vt ek sl E el el Fig. 10014 2 5 gl%o] &Fo] ZF7}3te]
gt wprgFo]l Frtelt= AS ¢ 4 Atk CR - BrolA &kl bSkgr ¥
wf whR e 0551g, dtFol 15kgr & Wl wlE LS 0.614g, 18]al 3FF]
25kgr & W wlRFLS 0.642g ©]Th CR - AcolAl 3t&°] bSkgr ¥
FE e 0.352g, %ol 15kgr ¥ W vREHLS 0392g, 1elal 3o
25kg; & W Wl e 0423g o= =AH T

Fig. 49} v¥iA], = 3 A7} 400rpm 571e1S # CR - BrolA &
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Fig. 10 Comparison of weight loss at CR - Bronze and CR - Acetal

(Temperature 25C, 1100rpm)
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Fig. 11 Comparison of weight-loss at CR - Bronze and CR - Acetal

(Temperature 35C, 1100rpm)
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Fig. 13 Comparison of weight loss at CR = Bronze and CR - Acetal
(Temperature-25C, 25kgy)
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Fig. 14 Comparison. of weight loss at CR = Bronze and CR - Acetal
(Temperature-35C, 25kgy)
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(Temperature-45C, 25kgy)

_36_



Fig. 162 FeA&de H=x3-94d3% CRAZ ddelo 3)dvpe] o3t

SR AG(CR - B3t FEAAS] HIZSS AW opaE we nye 33
"l A

o vk
d W wpRFL 0.385g °IUth CR - AcolA 2%E25C o W nlRZFL
0272g, &%= /35%C. 4  wpE e 0287g, 182 &% 45C 4 | nvt=
T 0.325g S Ak,

Fig. 172 &AM 2o #Zep¢4d 3 CRAA Jdefo] sdntzo] o3
A F(CR = Bn)3t A8 HESSAY ofAe whgt RS g
ste CRAA A= eke] gdutdel o7t mtEAG(CR - Ac)& sklTh

AL 30%,- 8% 2 25kg;, 3= 900rpm A == Ste] wE

ol

< 0371g, £535C 4 of #FEE2 0383g, 183l &% 45T

e 047g, &% 35T o w vl 0496g, 123 2% 45T 4
vl 051g o)At CR - Acolld 2% 25C o w mirZe
0.32g, 2% 35C & wj mp2®e 0355g, 18]l 2% 45C ¢ o] vpme
< 0.402g =745 At

Fig. 18 H&Ado Hxats-
MRAIF(CR - Br)® A4 F2xahe-Au ofpAle v R4S gE

ato] CRAIE 4@ ete] sjdvpzdo] o3k vpEAIH(CR - Ac)e 38t



vhgss G Fig 1804 2 5+ 2ol 057 Z7hge)
2

weh wpE o] Frkske As & 4 Ak CR - BrolM 2=

AU
=
rfo
ki
I
a1
(@)
e

npR S 0642g, <% 35C o wf wpR S 0.663g, 1
W mpR S 0673g ©lUth. CR - Acold &% 25C o wf wpeske
0423g, €% 35C ¢ uf mfe &S 0473g, 183l €% 45C & wf v

F2 0.543g A=A

_38_



0.400 : : , . , . , . ,

I . ]
0.375 |- / .

—m— CR-Bronze (700 rpm)

0350 - —O— CR-Acetal (700 rpm) .
(2]
[}
8

— 0325 o |
ey
(@]
Q

= 0.300 |- -

L B |

0.275 |- O/ -

I \ I L I \ I \ I
25 30 35 40 45

Temperature (°C)

Fig. 16 Comparison of weight loss at CR:- = Bronze and CR - Acetal
(700 rpm, 25kgr)

_39_



0.525 [ I ' | ; | - . . , -
i . ]
0.500 |- ./ ]
0.475 |- / i
L]
— 0450 - ]
= I —=&— CR-Bronze (900 rpm)
g 0425 |- —O— CR-Acetal (900 rpm) ]
5, 0400 | - ]
2 L ]
= oars | ]
0.350 |- /O i
0.325 .
o
L | L | 1 | n 1 5 | |
25 30 35 40 45

Temperature (°C)

Fig. 17 Comparison-of-weight loss' at CR - Bronze and CR - Acetal
(900 rpm, 25kg;)

_40_



0.700

0.665

0.630

0.595

0.560

0.525

Wieght loss (g)

0.490

0.455

0.420

Fig. 18 Comparison-of:-weight loss' at CR - Bronze

—&— CR-Bronze (1,100 rpm)
—O— CR-Acetal (1,100 rpm)

25

30 35 40

Temperature (°C)

(1,100 rpm, 25kg;)

_41_

45

and CR - Acetal



o~
T

J oﬂ

=

pzs
[

R

9

e
(CR - Ac)

3

o
=

A
v} 2]

}

0]
pul

o o3
SEERSE

1

I CRAZE <2

=

pzs

]_
EE!

kel

V.2 &
7 CRA}A

vl

(CR - Br)

3

o
=

bl o,

o vl A
)5

o

SE EE R
21tk

b4 % CRA A

2 o)

3

bz
=

A9l

A

ERcy

pzs

gl

el

ox
—_
fite)

R

+

oW

Al
o
o

el
!

el

4% CRAA

]_

Zpekell mpet

EREE RO

1943 CRAIA

o] )

B

el

2] o] 5| v} o] o
o1k

o] A
k=i

)

+

o

—_
fite)
o

el

—
fite)

)
ol

!

_42_



F 31 &

@

,_‘
—
[
ol
I
Ay
—

N, 1992, “H@AE A SetaE ] vpREAC we A7, e

£&3}3] 4], Vol. 8 No. 1, pp. 48-55.

AL, 1985, “Tribologyoll thar 12" §3+3k3] %] Vol. 1, No. 1.

S, A=Ql, 299, 1988, ‘A -Eo] v g A7, 7

o &&383] %] v. 4, no. 1, pp. 56~68.

[4] =gk, &8, 1998, “Auhg =Z=aele] Fr SAd w3 A7,
=X eknl pp. 62~67.

[5] A&<, 2001, “F2= A9 . http//patent.naver.com/patent/
specification.php?Applicationnumber=1020010044771".

[6] &Z3], f[E5AR", BAZSAL

[71 15 EA %, “www.ssshhh.co.kr/data.html”.

[8] g+ +, 1996, “Aw H ZAF" AE 2 &5, 29, p/5b3.

[9] Atkinson; J.R., Brown, K.J., and Dowson, D., 1978, "The Wear of
High Molecular.‘Weight Polyethylene”, ASME. J. Iub. Tech., 100,
pp. 208~218.

[10] Lancaster, J.K., Bramham, R-W., Play, D., and Waghorne, R., 1982,
"Effects of Amplitude of Oscillation on the Wear of PTFE”, ASME
J. Lub. Tech., 104, pp. 559~ 567.

[11] Lhymn, C., 1986, "Microscopy Study of the Frictional Wear of
PTFE", Wear, Vol. 107, No. 2, pp. 95~106.

[12] Shuji One, Masahiro Saito, 1993, "Microstructure and mechanical

Properties of 18mass Cr Cast Stainless Steel for Marine

Propeller”, Japan Inst. Metals, Vol. 57, No. 7, pp. 761 ~766.

_43_



[13] Tanaka, K. and Nagai, T., 1985, "Effect of Counterface Roughness
on the Friction and Wear of PTFE and Polyethylene”, ASME, pp.
397~404.

[14] Uchiyama, Y. Ogawa, Y. and Uezi, Y. 1990, "Friction and
Wear of Polymers”, Proc. of the Japan International Tribology
Conf, pp. 1359~ 1364.

[15] W.Weibull, 1951, "Fatigue testing and the Analysis of Results”, J.
Appl. Mech, Vol. 18, No. 3, pp. 293~297.

_44_



ol

7 oA 2

o
il

el
alg
o7
o
_foﬁl

wo R A7) Ag et o

5 g

A
g o

ol
ol

el

alg

(:1)_]:

A sldsuyd 21

S

-

G

el

alg
Tor

Wr

alg
A

ey
N

=)

—_

)

ol
~H

s
b

il

Nt

ol
N

H

i

ool

Saeich

=4

e

of] A wlole}

el

R EE

5

i~

NI

j—

el
of
H

=
=

]

0
n

I
—~
fite)

_45_



	Ⅰ. 서론
	Ⅱ. 이론적 배경
	1. 마찰이론
	2. 마모이론

	Ⅲ. 실험장치 및 실험방법
	1. 실험장치
	2. 시험편 기계적 조성 및 화학적 성질
	3. 실험방법

	Ⅳ. 결과 및 고찰
	1. 하중변화에 따른 마찰계수의 변화
	2. 하중변화에 따른 마모량의 변화
	3. 속도변화에 따른 마모량의 변화
	4. 온도변화에 따른 마모량의 변화

	Ⅴ. 결론
	참고문헌


