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SUMMARY

Casting technology for grain refinement

Fine grain casting technology has been developed with an aid of vibration
treatment of the melt during casting. The effects of vibration(V) and
inoculation(I) during casting on the microstructure and tensile properties of
nickel-base superalloy CM247LC were investigated. The vibration treatment with
a frequency of 10Hz was effective to refine the grain size and decrease the
microporosity level to some extent. The vibration treatment for the inoculated
mold developed the grains of the casting into fine equiaxed grains compared
with columnar grains of the casting with vibration free inoculated mold. The
existing phases of CM247LC alloy such as finely dispersed cuboidal 7, MC,
and grain boundary precipitates were not influenced by the vibration and/or
inoculation treatment. The fine equiaxed grained CM247LC had excellent tensile
properties compared with those of the columnar grains and coarse grains. The
tensile behavior of CM247LC alloy at 760°C showed different aspects with
respect to the grain size change and which was carefully analyzed by
fractographic investigations.

Low cycle fatigue and fracture behavior of the cast superalloy CM247LC
were also investigated under an axial total strain control mode at 760°C and the
effect of grain size on the fatigue properties of CM247LC alloy was discussed.
The properties studied include cyclic stress response, fatigue life and nature of
fracture as a function of applied strain range. Strain fatigue parameters were
also determined based on the Basquin equation and Coffin-Manson equation at a
given temperature of 760°C. Coarse and fine grained CM247LC alloy showed a
similar stress response, i.e. a stable stress amplitude remained up to failure
regardless of the applied strain range. The comparison of their fatigue life
curves, however, led to the conclusion that fine grained CM247LC alloy exhibits
more uniform and superior fatigue properties at all the strain ranges tested. It
was found that the fatigue crack initiation has a close relationship with the
applied strain range. The crack initiation site drastically changed from surface to

subsurface defects such as (Hf, Zr, Al-rich inclusion and microporosity with

...10_



decreasing the applied strain range. MC-type carbide and microporosity played a
significant role in fatigue cracking while there was little effect of coarse eutectic
(r+7') phase and grain boundary on the fatigue crack propagation. It was
found that the grain refinement casting process developed in this study can be

successfully applied to the casting for integral rotor and nozzle.

High Performance pump parts (combined vane pump, high speed vane
pump, high speed centrifugal pump)

1. Final objectives

Development of next three pumps with the each specifications.
o military use combined vane pump
discharge pressure : 3,000psid, flow rate :10gpm
o industrial high pressure vane pump :
discharge pressure : 21Okgf/cm2, flow rate :65cc/rev
o industrial high speed centrifugal pump :
revolutional speed : 14,000rpm, discharge pressure : 60kgf/cr,
flow rate © 45m’/hr

2. Major target technologies

o Combined vane pump design technique & manufacturing technologies :
- Pre-Pump, Vane pump
o High pressure vane pump design technique & manufacturing technologies
o High speed centrifugal pump developing technologies
3. Necessity of the R&D

Vane-type pump has been used widely in industrial and military use but
the developing technologies, design technique, are not established in domestic.
Therefore lots of high efficiency vane pumps are imported. The vane pump
has many advantages, can be smaller size, produce high pressure and endure
long term life without severe efficiency loss, so applications is extended in
wide. Development of the vane pump in this study will gives good chance to
substitute import and improve the domestic technologies of vane pump
companies.

High speed centrifugal pump is utilized in wide range of industry,

petrochemical process with high pressure, low flow rate and paper production

-11 -



process etc.. In the world market, it is totaled that the amount of supplied
number of this pump is 40,000 per a year. In domestic market it is estimated
that the cost of demand is $25,000. Because domestic technologies of this
kinds of pump are not established, domestic companies can not take part in
petroleum process design and maintenance market. Development of the high
speed centrifugal pump in domestic will contribute to entry in world market,
import substitution and improvement of the domestic pump technologies.

4. Research scope (2nd stage)

4.1. Military use combined vane pump
o Performance test, performance evaluation and betterment
o Ensure of the target specification
o Technologies transfer of pump design methods & manufacturing techniques
o Ensure of endurance & reliance
o Establishment of the design & manufacturing technologies
4.2. Industrial use high pressure vane pump
o Performance improvement
o Ensure of endurance
o Preparation of mass production
o Market survey
o Survey of the application possibility in other pumps with intra-technology
o Establishment of the mass production system of intra-pump (partial)
4.3. Industrial use high speed centrifugal pump
o Ensure of the target specification
o Ensure of the reliability of pump parts
o Commercialization of industrial centrifugal pump

5. Summary of the results

5.1. Military use combined vane pump
o Design method for the low specific speed centrifugal pump was established.
o Design technique of the high speed vane pump is was established.
o The prototype combined vane pump was made into compact and light
weight.
o The combined vane pump was developed with satisfied the design

specifications

_12._



5.2. Industrial use high pressure vane pump
o The prototype intra vane pump with the performance, discharge pressure
210kg/ct, flow rate 65cc/rev, rotational speed 2,700 and efficiency 90% was
developed.
0 Design and manufacturing technologies for the core parts, cam ring and
C-plate were achieved.
o In advance of commercialization, field-test is being carried out.
0.3. Industrial use high speed centrifugal pump
o Design technique of Barske-type centrifugal impeller was established.
o 14,000rpm scale increasing gear box was developed for pump driving.
o High speed centrifugal prototype pump which satisfy the target
specifications, rotational speed 14,000rpm, discharge pressure 60kg/cr, flow
rate 4.5m’/hr was developed.

6. Application plan

6.1. Military use combined vane pump
o Korean-made military use combined vane pump can be applied timely as a
system part on the military system development.
0 Development of various related military equipments will be promoted.
o Obtained technologies will be utilized widely on the development of

industrial use vane pump which is becoming as high speed and high

pressure.
6.2. Industrial use high pressure vane pump
o A series of high pressure vane will be developed with technologies from

this development and achieve import substitution and make inroads into

the world market.
6.3. Industrial use high speed centrifugal pump
o The high speed centrifugal pump from this project is applicable for the
high performance compact military pump.
o The hydraulic design technologies can be widely utilized to low specific
speed pump design.
o It is possible to apply for import substitution products of the

petrochemistry process centrifugal pumps.
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Table 1.1 Nominal composition of superalloy CM2471.C

Element Al Ti Cr Co Mo W Ta C B Zr Hf Ni
wt. % 56 07 81 92 05 95 32 007 0015 0015 14 Bal
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macrostructure
observation
gate

Fig. 1.1 Scheme of the cast specimen. (Microstructural analysis carried out
the hatched areas.)
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Table 1.2 Mold system and casting conditions for the grain size and morphology

control

. . Mold System Casting Condition
Designation s

Face Coat Stucco Vibration Temp.
X Colloidal Silica/  Alumina/ B C : 1470C
Zircon Flour Chamotte M : 950C
Colloidal Silica/ Alumina/ , « C:1470C
VX Zircon Flour Chamotte 2 10Hz M :950C
X1 Cobalt Aluminate  Alumina/ B C : 1470C
(Inoculation) Chamotte M : 950C
Cobalt Aluminate  Alumina/ , . C:1470TC
v (Inoculation) Chamotte 2 10Hz M : 950TC

*  Amplitude / Frequency, Sinusoidal wave form
=% C ! Casting temperature, M : Mold preheat temperature

12 vAzd #AZ 2 AF Y
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AQl Kalling’s I AloFS AM83te] UAA =g §F9 F Z3dA 7 'ZWNizAD
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(b) VX, (¢) XI and

¥

ith (a) XX

Fig. 1.2 Grain shapes of CM247LC alloy cast w

(d) VI conditions
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Fig. 1.3 Grain contours which were determined by the orientation of the

dendrites in Fig. 1.2.
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Fig. 1.4 Micrographs of CM247LC alloy after aging treatment at 870°C for 20
hours. (a) XX, (b) VX, (¢) XI and (d) VI casting condition.
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Table 1.3 Image analysis results of grain size and morphology measured at the

microstructures seen in Fig. 1.3

Number density of

Designation Grain size (mm) . 5 Roundness, R
grain (ea/mm°)
XX 3.58 0.065 0.337
VX 2.05 0.168 0.381
X1 0.47 2.961 0.307
Vi 0.63 1.571 0.402
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Fig. 1.5 Representative microstructure of as—cast (a) and the heat treated (b)
CM247LC (VX condition)
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Fig. 1.6 TEM bright field image and selected area diffraction pattern of MC

carbide. (Zone axis : [001]mc)
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Table 1.4 Chemical composition of matrix, eutectic constituents, and MC-type

carbides determined by EDS analysis (atomic percent)

) Eutectic MC
Matrix
4 v’ blocky script
Al 10.0 7.2 13.2 - 05
Ti 0.9 0.6 15 18.3 19.2
Cr 11.2 16.9 4.2 1.9 43
Co 99 12.8 6.6 1.8 2.7
Mo 05 05 0.2 1.6 16
Hf - - 1.6 24.0 11.7
Ta 0.8 - 1.7 37.6 36.2
W 29 3.3 1.7 5.6 9.6
Ni bal. bal. bal. 9.2 14.2
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Fig. 1.7 TEM micrographs and SAD patterns of M23Cs and M¢C-type carbides.
(a) Bright field image of GB carbides, (b) Bright field image of
M23Cs-type carbide observed at the eutectic 7 channel, (c) SAD

pattern of MxnCe—type carbide and (d) SAD pattern of MgC-type

carbide.
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Fig. 1.11 Tensile fracture surfaces of CM247LC alloy tested at 760°C.
(a) XX, (b) VX, (¢) XI and (d) VI casting condition
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Fig. 1.12 Tensile fractographs of CM247LC alloy tested at 760C.
(a) XX, (b) VX, (c) XI and (d) VI casting condition
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Fig. 113 Typical SEM micrographs parallel to the tensile loading direction
showing grain boundary cracks tested at 760°C. (a) VX and (b) XI

casting condition
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Fig. 1.14 SEM micrographs show the evidence of interdendritic fracture occurred
under tensile loading in CM247LC alloy. (VI casting condition~760C)

(a) low magnified view, (b) magnified view of squared region in (a).
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Fig. 1.15 SEM micrographs of the cracked MC-type carbides in CM247LC alloy
under tensile loading at 760C. (a) XX, (b) VX, (¢) XI and (d) VI

casting condition
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Fig. 1.16 A typical microshrinkage defect observed on the section parallel to the
tensile loading. (XI - 760C)
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Fig. 1.17 Integral rotor casting. (a) conventional casting process and (b)
vibration treated casting process. The circled area in Fig. 1.17(a)

shows a typical misrun defect.
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Fig. 1.18 Macrostructure of integral rotor casting made by using (a) XX, (b)
VX, (c) XI and (d) VI casting process.
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Fig. 1.19 Sectioned micrographs of integral rotor casting. (a) XX, (b) VX, (c) XI
and (d) VI casting condition
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Fig. 1.20 Macrostructure of nozzle casting. (a) XX, (b) VX, (c) XI and (d) VI

casting condition
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(a) Ae,=0.7%

Fig. 1.23 Representative SEM fractographs showing the LCF crack initiation site.
(a)~(c) : CG and (D) ~(f) : FG
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Fig. 1.24 Typical crack initiation sites of FG specimen tested at Ae =0.6%. (a)

major crack initiation site, (b) MC-type carbide and (c)
microshrinkage. The arrows indicate the paths of local fatigue crack

propagation.
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Fig. 1.25 Longitudinal micrographs of the LCF failed CG specimens (Ae¢, =0.9%)
(a) N=135 cycles and (b) Ni=1,434 cycles
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Fig. 1.26 Stress-strain curve of CG specimens at the first cycle (Ae =0.9%) in

comparison with monotonic tensile curve of DS CM247LC.
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d*o _ d’o , do _
a1 W= T g = 0% J07 (2.24)

o] drk ML 2E ] A s

ol Fg3e Aaege g

A4 ¥ (Centrifugal force) e thex o] AP}
Fo,= mW, (2.25)

=300 HY AT T ol o,

A HN o, AP Qe

=

Aol 11 W)
Aot HIQle} Aolrt [ ola FA}

(-'O

7t Bk H(2.25)8 thAl 29 gg3t o] @

(2.26)
282 B H(Inertia force)2 T3 o] TAE 5= 9t}
_ d*o d?

Fier m —d;él = ma)zx—dé‘g- (2.27)

Hilel zgate whE

v O EE]I (COI’iOliS
force)oll 7]<213%kc) A
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Displacement y Velocily dy/dt Aeceierstion d z,yldlz Pulse d’yldt’ Comments

Parabolic

Cubic-No. 2 | Cubic M0. 1

Polynomial

2-3

145

Poiynomial | Polynomial

§-5-6-7

fotynmbf

Simple

Cycloudal karmon

molion

Trigonometric

harmon

Trapezoidat Double
acceibsation

Combination

Modified

traperoidal
acceleration
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Suction

Cam Ring

Vane

Discharging
Port

o \
- =
.l
gggson Vaone
Discharging (Q
Port
a2 Rotor
Fig. 2.3 Q7 W] 4
¥ 22 WilB = ¥HA 43

rotor outer radius p 14 mm | vane A< 4 12 ea
small radius of .
cam ring ro 14.2 mm | vane height 1 5 mm
large radius of :
cam ring R 15.3 mm | vane thickness d 1.5 mm
angle o :
between vanes B 30 vane bulge height b 0.9 mm
ggr%;?cmo]i arc € 36° vane tip curvature Rv 3 mm
angle of ° :
cam ring profile a 54 vane width B 11 mm
length of width of
suction port Lbc | 11 mm suction port Bbe 3 mm

- 9() -
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2.3

742

a9

2

W

1y

b,deg

p, mm

¢,deg

p, mm

#,deg

p, mm

$,deg

p, mm

0,deg

p, mm

d,deg

P, mm

15.3020

30.0

15.2815

60.0

14.8620

90.0

14.2430

120.0

14.2120

150.0

14.6509

1.0

15.3038

31.0

15.2820

61.0

14.8271

91.0

14.2409

121.0

14.2115

151.0

14.6884

2.0

15.3034

32.0

15.2805

62.0

14.7942

92.0

14.2408

122.0

14.2093

152.0

14.7253

3.0

15.3038

33.0

15.2788

63.0

14.7573

93.0

14.2386

123.0

14.2093

153.0

14.7634

4.0

15.3008

34.0

15.2739

64.0

14.7223

94.0

14.2364

124.0

14.2075

154.0

14.8011

5.0

152999

35.0

15.2703

65.0

14.6873

95.0

14.2349

125.0

14.2073

155.0

14.8389

6.0

15.2995

36.0

15.2695

66.0

14.6530

96.0

14.2318

126.0

14.2079

156.0

14.8768

7.0

15.2978

37.0

15.2662

67.0

14.6215

97.0

14.2311

127.0

14.2085

157.0

14.9118

8.0

15.2986

38.0

15.2652

68.0

14.5896

98.0

14.2288

128.0

14.2117

158.0

14.9449

9.0

15.2955

39.0

15.2610

69.0

14.5598

99.0

14.2291

129.0

14.2155

159.0

149779

10.0

15,2948

40.0

15.2563

70.0

14.5301

100.0

14.2309

130.0

14.2219

160.0

15.0099

11.0

152934

41.0

15.2501

71.0

14.5009

101.0

14.2297

131.0

14.2311

161.0

15.0349

12.0

15.2018

42.0

15.2391

72.0

14.4744

102.0

14.2291

132.0

14.2392

162.0

15.0610

13.0

15.2905

43.0

15.2293

73.0

14.4483

103.0

14.2272

1330

14.2499

163.0

15.0891

14.0

15.2878

44.0

15.2171

74.0

14.4255

104.0

14.2277

134.0

14.2620

164.0

151135

15.0

15.2879

45.0

15.2067

75.0

14.4044

105.0

14.2261

135.0

14.2755

165.0

15.1361

16.0

15.2861

46.0

15.1946

76.0

14.3843

106.0

14.2264

136.0

14.2917

166.0

15.1576

17.0

15.2867

47.0

15.1794

77.0

14.3658

107.0

14.2276

137.0

14.3074

167.0

151777

18.0

15.2854

48.0

151634

78.0

14.3469

108.0

14.2265

138.0

14.3246

168.0

15.1955

19.0

15.2855

49.0

15.1437

79.0

14.3308

109.0

14.2262

139.0

14,3428

169.0

15.2128

20.0

15.2869

50.0

15.1263

80.0

14.3159

110.0

14.2239

140.0

14.3607

170.0

15.2296

21.0

15.2856

51.0

15.1049

81.0

14,3027

111.0

14.2243

141.0

14.3819

171.0

15.2441

22.0

152863

52.0

15.0836

82.0

14.2912

112.0

14.2227

142.0

14.4060

172.0

15.2577

23.0

152857

53.0

15.0603

83.0

14.2797

113.0

14.2222

143.0

144316

173.0

15.2697

24.0

152872

54.0

15.0353

84.0

14.2708

114.0

14.2211

144.0

14.4597

174.0

15.2780

25.0

15.2846

55.0

15.0120

85.0

14.2626

115.0

14.2189

1450

14,4878

175.0

15.2850

26.0

15.2838

56.0

14.9837

86.0

14.2560

116.0

14.2178

146.0

14.5174

176.0

152911

270

15.2841

57.0

14.9563

87.0

14.2519

117.0

14.2152

147.0

14.5492

177.0

15.2952

280

15.2829

58.0

14.9248

88.0

14.2484

118.0

14.2148

148.0

145813

178.0

15.2979

29.0

15.2838

59.0

14.8932

89.0

14.2458

119.0

14.2132

149.0

14.6149

179.0

15.3009
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Inducer Impeller before welding

Impeller after welding Diffuser

Fig. 26 #i¢lgx &9 344 4
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Physical Properties Report Assy: A-11+12 6/5/2000  19:35 Pm
Volume= 4896.22 mm"3
Mass= 0.03824 kg
With respect to the Global Coordinate System
Center Of Mass:

X= -0.00129 mm

Y= 0.00156 mm

Z= -0.00372 mm
Center Of Volume:

X= -0.00129 mm

Y= 0.00156 mm

Z= -0.00372 mm

Mass Moments Of Inertia:
Ixx= 2.427114 kg.mm"2 lyy= 4088738 kg.mm"2 Izz= 2.398380 kg.mm"™2
Ixy= 0.000224 kg.mm"2 Ixz= ~-0.007639 kg.mm~"2 lyz= 0.000646 kg.mm”2
Principal Axes Orientation:

X= 0.00 1.00 0.00
Y= 097 0.00 0.24
Z= 024 0.00 -0.97

With respect to the Principal Axes
Principle Moments Of Inertia:

1= 4098738 kg.mm"2 12= 2429018 kg.mm~"2 [3= 2.396474 kg.mm"2
Radii Of Gyration :
Rx= 10.35307 mm Ry= 7.97002 mm Rz= 7.91645 mm

Fig. 2.8 3x9 24y A3} do]g g & o
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~ ¢0L ~

2T 8 SEd vog=e BF AMHMEH 55 (1/3)

¢ ==
:;ﬁ 25y TUHE | Y EH;l?zjl% A3 B ¢H &R 2 43 JINEFH 4T Hq2 XE
; ) YE 443 gion® | Aoneaed Bar
g | Cosine HCO2OO! | 1 | ASTM Grads S titaniym, (THBARAY) Tﬁg‘;s. Va5 y| $E 11900 MPa | SBUSSU) o wpa | Wewmatiabaom
(Fump Castng (A 5.5-675%, 5, ) ZobtH| - YEDE(TSY) : 8 MPa WA 0 E0BS G0N
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T2 EHH s §F ANME == (2/3)
i FEY sz |5 A = ME A '] ETY 4 2 ME
W *# alal A e 2 HE MY &x) 2Y 43 PIE 48 H2 A
- UE ABE pkm® | Ancaled Bar
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920 ozl : BRUS(SY) : B0 mpa | MWW mavencon
KC-573 YT 1185 ghem’ | Harness : 10 Shore O Toyo Tan
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Uz 7.8 gl Tested 21 0eg.
27 | Pin HoR®E | 1 | SUS 42001 W9 SUS 42001 (JIS) HE 200000 MPa | ABBETSU) : 2050 mps | FerI-stedt
Zope] PHYSTSY) : 10 Mpa | WWWMARYED.oom
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£ 25 48 9TY WABZ AeHE 29 4o 25
O-Ring & Back-Ring LIST
Selected Material & Purching
NO. AS568 O-Ring Related Parts 1.D. WorT Hardness Amount Amount Remarks
1 Ass68-145 | HC02001 | HC.02.002 |g) 27, 51| 2624008 | NBR, 75 1 20
V-Pump Casing Suction Port
HC.02.013/016
HC.02.001 Pressure Disk
2 ASBEB-024 [ e 02 O e e | 2830 +-0.25| 1.78+-0.08 | VITON, 90 2 60 210 bar
G-Box Cover
Bk R HC.02.013/016
ack-Ring HC.02.001 Pressure Disk
3 n9568.028 | Vi | oo ik 12903 +.025| 1.4 VITON, 90 P 60 210 bar
G-Box Cover
HC.02.001
V-Pump Casing | HC.02.013/016
4 AS568-137 | “[ A FAnG | FC 02019016 5207 +-0.43] 2.62+.0.08 | VITON, 90 2 60 210 bar
Diffuser
HC.02.001
Back-Ring V-Pump Casing | HC.02.013/016
> AS568-137 | HC.02.005 | PressureDisk | 0200 *043| 135 | VITON,90 | 2 60 | 210bar
Diffuser
6 Asses-o26 | HC02001 | HC.02025 |4 47y o8| 1784008 | NBR,75 1 20
V-Pump Casing | C-Seal Casing
7 AS568-018 | HC.02025 | HC.02.027 |57, 0531 178+.008 | NBR 75 3 20
C-Seal Casing Carbon Ring
8 Ass68-114 | HC02001 | ayoiers | 1564 +0.23] 2.62+:0.08 | VITON, 90 2 60 210 bar
V-Pump Casing
Back-Ring HC.02.001
9 AS565-114 | VPumeiomg | Adapter2 |1623+023 135 VITON, 90 2 60 210 bar
10 Asses-124 | HC02002 | pyvery 13942 4030] 2624008 | NBR, 75 2 60
Suction Port
HC.02.001
V-Pump Casing
HC.01.003 | HC.01.049
1 Asses-012 | 01003 e 9.25+.013 | 1.78+.0.08 | NBR, 75 3 60
HC.01.001
G-Box Casing
12 Asses-012 | HC.02001 | HC.01.008 | 55,643 | 178+.008 | NBR, 75 1 20
V-Pump Casing G-Box Cover
HC.03.002
HC.03.001 Bush
13 As568-015 | w0300t 1 o001 |14.00+:0.18| 1784008 | NBR,75 1 20
G-Box Casing
14 Ass68-115 | HC.03.001 1 HC.03.004 |47 45, 003l 2624008 | NBR, 75 1 20
J-Pump Casing Mixer
15 Asses-011 | HC.01.041 | HC.03.001 | 565, 0431 1784008 | NBR,75 1 20
Blank Flange J-Pump Casing
16 Asses-021 | HC.03.001 | HC.01.001 1,555, 653l 4784.008 | NBR,75 1 20
J-Pump Casing G-Box Casing
17 AS568-016 Hcﬁféf""' Adapter-3 | 15.60 +-0.23| 1.76 +-0.08 | NBR, 75 2 60
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O-RING SQUEEZE CALCULATIONS AND DESIGN CONSIDERATIONS {BASED ON SAE AS4716, AS568A)
2001-04-06 Rod Type Glands AS BEB.024 AS4T16-024 1012 input Cell {unit: mm oy inch)
1. Reduced Seal Cross Section for Rod Type Glancs

AN DR
Rod Diametet {DR, B in Fig.) KOR MAX X . )
1,521 1.123] T Cnecx b Recommandad O-ring Stretching Rato{OSR) © 1<OSR<5%
. Miti S MAX & Minimum OSR = (N DRMAX S-1)*100
Seal ingide Dia. {8,
2t inst 2 (9) 1.104] 1.124 Maxirmum OSR = (MAX DRMIN $-1)*400|
1.1 For Minimum Sguesze Condition 1.2 For Maximum Squeeze Condition
l X={MIN DR-MIN SM(MIN S) 3.01539858 I X={MAX DR-MAX S)/{IAX 8) ~0.
Factor for Reduction in Seal Cress Section Factor for Reduction in Seal Gross Section
iIF X<=0, FACREDINCX=0.C 6.01805431 IF Xe=0, FACREDINCX=0( 9
F X<23 & >0, FACREDINCX=0.0001+1.06X-16X"*Z . IF X<=3 & >0, FACREDINCX=0.0001+1.06X-10X**;
X3, FAGREDINCX=0.0056+0.59X-0,46X""{ IF X>3, FACREDINTUX=0.0066+0 59X-0.46X**;
MINW Al
Seal Cross Section (W), Diameter N Hiax —
0.067 0.073
Reduced Seal Cross Secticn{CX) Reduced Seat Cross Section(CX)
for Calculating Miki Squeeze 06605558 for Caicudating MAX Squeeze 0.073]
RECXIMINP=(MIN WHMN W) FACREDINGX)} RECTMAXP=(MAX WH(MAX WY (FACREDINCX))
2. Seal Squeeze for Piston Type Glands
&8 R
Rod Bore Diameter (RB. H in Fig.} [ARE MAXRE
1.125] 1.126
Eccentricity (£5C) MIN ECC MAX ECC
0.0} 0.002
2
Rod Groove Diameter (RGO, E in Fig.) MIHRGD_§ WMAX RGD
1.233 1.235
2.1 Minimum Seat Squeeze 2.2 Maximum Sesi Squeeze
jMinimum Seal Squeeze (MINSS) [aximum Seal Squseze (MAXSS)
P NS S=RECXMINP-{{MAX RGOMMIN DR}2 + 20056 MAXSS=RECXMAXP-[{{MIN RGDHMAX DR - 0.0205}
{MAX RBY(MIN DR)Z + (MAX, ECC)2] {IMIN RBHMIN DR)VZ - (MAX ECC)2)
Minimum Compression ratio = MINGS /MIN W 8.414% Maximum Compression ratio = MAXSS / MAX W 28.08%

‘Check i Recommanded O-ring Compression Ratio{OCR) : Static Application 15<0CR<30% / Dynamic Applcation 6<OCR<20°

GLAND FILL AND O-RING OCCUPANCY CALCULATIONS AND DESIGN CONSIDERATIONS {BASED ON SAE AS4716, ASS68A)
06-Apr-01 202 input Cek (unit: mm o inch): :
1, Maximum O-ring Volume
Raximum Radius of O-ring (Max R) =Max CX2=Max W/2 00363 .
It aximium Area = phi'{iiax R)*2 0.0041852 * Nominal O-ring Volume {in AS 568)
IMaxinum Mean Citcumference= phi*(Max D + bax CX} 376048641 Nominz] Seal Cross Section (NOM W), Diameter 007

wehere} bax 1D=4ax S, Max CX=Max A NOM W = {IIN W + MAX W)
2 aximum G- yolune = PO g Volume T
o Dn;:f ;:a?&;mumte;ence * Wax Are: 0.01573809) o ﬁp:?i?f*lg; gveya + phi"i(MIN S + MAX SYZ + NOM W) b.0143

2. Maximum Grand Fill for No Backup Ring Configuration
{For Rod Type Glands & 0 deg Gland Wall Angles)

iinimum Gland Width {MIN G) 0.094
aximun Cother Radli {MAX RAD) £:615)
Minimum Cross Sectional Area of Gland(MIN CXAG) =
MEN GHMIN RGD - MAX DRY2-Deduction Ares
where) Deduction Area{sorner section) =
054 (MAX RADP2 - phi*{MAX RADY'Z}
heinimum Glang Volume = MIM CXAG *
Mean Circumterence of Min Glant
where) iean Circumference of Min Glang:
phi * (MIN RGD + BAX DR)
Percent Maximum Gland Bij =
Max O-ring Volume/tin Giand Voiume* 10C

001877873

83.83%

“Chgah bR 2 baximum Glanad Fil(GF) | MGF<85%

3. Maximum Gland Fill For One and Two Backup Ring Configuration
Number of Backup Ring(RER} 1 Maximur Backup Ring Thickness(MAX BT} - 0047
Wimimum Gland Width (MIN G) 0.15] paximum Backup Ring OB (MAX BRO - if not avaiable, MIN CB 1.233

Winimum Cross Sectional Area of Gland{MIN CXAG) =

MIN G'(MIN RGD - MAX DRY2-Deduction Arer
where) Deduction Area(corner section) +
0.5°{4°(MAX RADY2 - phi*(MAX RAD)*2}
Minimun Gland Yoiume = MIN CXAG *

Mean Circumference of Min Glanc 003017818 Haximum Backup Ri oiume =
whare) Mean Circumference of Min Glang: R NBR'phi*({(}AX BROY2-{MIN BRI*2¥4 * MAX BR?
phi * (MIN RGD + MAX DRYS

Fercent Mavnmum Glandg ik = 100 53874
Max O-ring Vol + Wax Backup Ring Vo3 / Min Gland Vol S

*Check | Recommanded Maximum Glanac FiliWGF) : MGF<85%

0.00815343) Mimimum Backup Ring ID {MIN BRI} 4 not avaiiable. MAX PGD 1.1234

0.00956556]

Ref. M$ 27595 (Contnuous Turn PTFE Backup Ring)

Fig. 2.18 O-Ring Gland Design T2 8 & o] &3 98 HA4 @ Zo| A
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Fig. 2.23 Vane Pump Parts (vane, rotor, cam-ring, side-disk)
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Fig. 2.24 Shaft Fig. 2.25(a) Mechanical seal Fig. 2.25(b)
parts Mechanical seal

Fig. 2.26 Journal bearing Fig. 2.27 Parts of jet-pump
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1. Yol Bz »2c) 2. Right Pressure DiskE
Hn =gsict

6 Press2 =2 Melx|of
=&=Ch,

7. Tension RodE& R. Press. 8. Press2 Tension Rod= 9. Tension Rod T ol
Disk &ollA 22t 7|2}, HLlx|off =0 HHE sslTE s

o - =

10. Spring Supportg 11. SpringE Tension 12. Spring®oll Spring
Tension Rodoll 7| &C}, Rodell »| 2ct, Suppont® =£Cl.
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13. Tension Bodoll =& 4. HiHE Spacerg
77| 2Cl. Press. Diskall 7l&cC},

16. =0 W& spacer, 17. Busholl Wi-& spacer,
BearingE =&l BliC}, BearingZ =@ siC)

21. 7l=2|xol OZle
7eR CIFHE =Y,

22. ol Washer& 23 =2| 7|2 24 dEE &=
7| 2C) FIE 7| 2Ch 7l2ct
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25. Inducer& =0l 26, E3dXE HEE 27. Casingoll 2=% %=
72l M & 40kof - om ZIEz|R|E =H”EiCh
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4. 28 @3 A

- NgEn
2l =5 =
5 = | TUE SKD11 =24 | SNCM220 | SNCM439
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(1) 4% DATA

A ZE(1eHA)

- ® Representation of Pump Test

Rop e kG /el v

7.0 250 .0

14, 200

1.8 150 b.u

3.3 100 4@

2 s0

2.1 0

pacurve
Al Z @A)
()
- ® - Representation of Fump Test
fRY kgf/c s
17, 250
200
e 150
7.0 100
50 il
g

pacurve
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(2) 2+ DATA
- A AF (1A DATA (%)

3™
o =4 1,000rpm 1200rom 1 1500rpm | 2000rpm 2500rpm | Bl 12
7(kg/cm?) 95.5 94.7 100 100 100
70(kg/cm) 85.6 909 93.9 94.7 93.6
140(kg/cm) 78 783 84.8 875 86.9
210(kg/cm) 409 61.8 61.6 70.5 745
- A AEFQ2A) DATA (%)
3™
ob =4 1,000rpm 1200rpm | 1500rpom | 2000rpm 2500rpm | B A
7(kgfem) 100 100 100 100 100
70(kg/em) 84.7 933 95.9 97 96.6
140(kg/er) 86.5 87.8 89.9 93.6 207 |
210(kg/cm) 742 771 82.3 86 87.3
WA A
- uTE A MR
H| =+3] A} _ _ TUE
- Al ZE (1 SHA Al ZQEHA Hl
? £ E0E) FEA | ickeRs) -
Al A2t 1 A2} 46 A2+ 48 A7t
2y = 0 kgffem Okgf/em® 3 ~ 4 Kkgffem
25 dB(A) 85 88.8
- A AE DATAQEA)
WA A7 o w2 CLIE= A= |
(=] T H
(kgffom) (&/min) (kgf/em) dB(A) -
0 210 452 0 85
5% 210 420 0 85
1Al ZE 210 435 0 84 ROTOR m}3j
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- &Y F(VICKERS) DATA

of o s 2 | %8 | 28
T A gy | @min | ketier) | dB(A) o
0 210 64.9 3 844
5 AlZt 210 62.4 5 87.7
10 AlZH 210 60.2 9 88.2
15 Alzh 210 57.8 5 87.7
20 AlZH 210 59.6 3 88.8
25 AlZt 210 63.7 4 88.1
30 AfZH 210 58.2 4 90.9
35 AjZH 210 64.7 2 86.5
40 AlZH 210 61.6 4 88.8
45 A2+ 210 65.8 3 88.5
48 A2+ 210 61.7 3 90.3 ROTOR itz
~ AAE DATAQEA)
TEPCINEIS A BT B s
(kgf/cm*) (£/min) (kgf/em) dB(A)
0 210 63.8 0 85
5 Alzh 210 62.1 0 85
10 AlZH 210 60.5 0 84
15 AlZt 210 508 0 83
20 AlZH 210 504 0 85
25 A2+ 210 63.2 0 86
30 AjzZt 210 58.3 0 85
35 AlZH 210 64.5 0 84
40 A 24 210 62.2 0 85
45 Al2t 210 65.5 0 85
46 A2t 210 61.9 0 84 ROTOR x|
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CARTRIDGE A}

CAMRING, ROTOR AHA
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- W AR 3 A E AR EEA)

CARTRIDGE A}zl
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<7H FEAEOl FYUEFES 210 kgt/aroll A= 1500rpm o) St Mk i mashul
AMAFL 140 kef/em, 1500rpm ©]8F 2 210 kgf/er A FHAME A %5o]
g1 o}, ol Y FAE E2YoEAM AFIAol e

(B AFF A2 AAFo] FUFEG ¥ 9ol Ah.(U+4 DATA)

(th A= Fzo 71 A 2¥ 7= AlF DATACA YehtRoe] &4
=34 FY9% AH(SKDIDE AMgstd® B9 A Tt 1117 kg oy v& €19
< ITHlA gAE w9 AolE HuHIER RAAE AFS AT v
DATA] YEel}Ro] SNCM2200] H2e AAE Aodr)

e

\l

(2) 294 A8 4
h EE&A gl 194 AlAFL 140 kgf/ert, 1500rpm o3t 2 210 kgf/er A T
ol Aol "olxy, ~Eeel 28T AN, Ay Az B 7|
AR AR A N Foz ) AT o] Hol A FelM &
R Adsol SFetA veldh
(h W8 Aol AS 19A AAEe] Bls) A AlZke] 46A17te2 A 34
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m{o
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#}. Circular volute 9 X4 23
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vh A7 7120l E 2%
oo HA5E N, #¥L Q ¥HL Hit ¢ ), 92 99
AAE A% 1R g v 2
N 0.5
Mo& ®r N, = G
4% A g -
g
r FQ = JuA,
YLAAR : D, = 60—
2REAZ : Dy = 1.12 D,
F ¥ #: H, = 0163pQH
ANA W,u, P, Ay p, B, & A% FAAS, FASE, A5, #F @9

260 kgf / cm2 ( AAVIEALY )
45 m3/hr ( BA71FEAE )

(th =288 130 % (714 )
)

() Bz 48 g4 ¢ 14000 rpm
(2) AAA 3
b Bz wEw
Ns = %@ - 140285 00T~ 316 pm
3 : .5
= 230 ppm-2e{min) 7 e "
0
(W} 589 24
2329 = 0.163x4.5/60x600x1

0.3 =24.45 kw
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(th) ddeie] 27324
FgAse] 7 072

gt u’
H=1 o =0.72 2
&4 HE 600m = 34
u = 904 m/sec
D,=60—% = 1233 mm

(%) BHEe) 47 DY 2
Ds= 1.15 D2 = 1.15x123 =1415 mm
EFE ERZSE WAAl ¥ £327 D49 24
Ay=—L = (45/3600 ) / ( 08x904 ) = 1728x10° m2
Dy = 47 mm

h gAY B3R 2

=
A A2 dde Aead v Zov, dAesE vlgeR ¢

F4L Fig. 441 et
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Y
AL

2 = : 90°
H 2 0 123 mm
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IR 14
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b e R I B B i
(1) 2ANE 8o
(71 Volute9} Alo]d2 ztgo] 7153 ez A
() =9 Aol 5=
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21 | IMPELLER [ sscts [
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THLE DWG. NAME.
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7Pk 3 Jrecke] s ion] oRmw [can bve) CLIENT
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L
a7 T I = [um we |oare [eo017.7
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; o] ) A A =
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SECTION A-A’
| vpeee thting | ST ] T
W | wescrietion | mry e |wion
FIE NG W
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e L O T FY
. POKCT | B 3 e [1 0 3
& 3 | w |wr {soes
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5 @ e, e
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Fig. 45 # = ¢
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LGENERAt ROUNDING R10.

T

Q.GENERAL CHAFERING C2.

3.LIB THICKNESS 30MM,

304 | OUT CASING | Gepeso | t |

28 N0 | DESCRIPTION | WAt | @1V | veloHT | REMARKS
e G, NAME

I HIGH SPEED PUMPS OUT CASING

APPR” D |CHECKED| BESIGN | DRAWN [CaD BuG CLIENT

b Teeoect | @ = Jsoae |10 4

AN
NY

s o)
& T = DM w4 |oATE | 2001 8.8
4 / —{ N KEUM JUNG INC.COLTPSER
a ] SUSMERSTELE PUMPS e
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- NOTE - N0 | DESCRIPTION | MAT'L | @Tv | veloHl | REMARKS
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1GENERAL ROUNDING R10 HIGH SPEED PUMPS |LOWER SEALCHAMBER
2.GENERAL CHAMFERING Ci [sepr: b Jeweexer] peston] bRaWN [car pug] CLTENT
o feacr | = Isoe |1 e
& = o we  [BATE |eo0 629
& KEUM JUNG INC.OLTDEER,
A SUBMERSIELE PUMPS A
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2t Z|A1%-2] A A data AE
(1) A8ge 2 A data AE

b = Aol dele HoidE AFerE) AR

Distance = 84 mm

Hole size = 16 mm

P27t 14300rpme 2 3] M u ey Twe Aa= gHe
holeol A o] ¢t&y} Zowzg

H=07x%u2 /g
= 281 m
P = 28 kgf / cm2

(b Qdejel 22

VA 4TS

fr

Fele 74

g3} 9jwie] Feastel we} Felo] way

2

% 59 =4 (D"~dYogt (N)

=j”(0.0532—0.0385 DogH = 2860 N = 286 kgf
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h=1}
S

=
.

F&710]e] AA

5700 A9 Fo AFont F4
A% 2 FAe Wzea 4
=]

_1
E’.
o4 EASl el Y= At 29 4

7} 4710 AA
(1) %719 24 71% data

- REEt5E: 55kW |, input speed : 3490 rpm

output speed : 14309 rpm
FER 2% AgHAA 35 kW
Face witch @ bull / pinion = 25/ 35 mm ©]%}
HE : Mobil #30 grade
H

)
ot

ardness : 70 o}AF

9 400 kgf
UAE wojdde] =F : wgnoly
7191 type : spur

FAE 8 A5 1 SCM 440

(2) 71o] AAA ] 9.9

51 = 10 411
- Huslelst A% A A

- Thrust Colar 52t

=)
21_41
n

i
a
b

2

T U & Driving Gear Driven Gear
1 7118 A Spur Spur

2 S 148 36

3 Module 1.25

4 ez} 20

5 ERivar: 115161 mm

6 i o} & 6308 Metal Contact
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71ejel shtel SIAS RS sl Yoje} o] AR HEFetE AL WA my
2= FoE HA= AT o] A% vlod dF 2dETHe 0 BEE
9 WS E3lo] s AT e FE el

‘ON No|  REVISIONS DATA [DESIGNED BY| CHECKED BY[APPROVED BY REMARKS
K03

P
DETAILYC”

DETAIL"A™ _ - - -
< s DETAL'B DETAL"C” DETAIL'D MI2*20L o
. \ R /\ 3
= \ L { . t ) A B
of B i 5 BEEE R
Q57 = 8| o
) ;| ! | V\[ N
L]
W %
P s - - T GRINDING??,
82 44 82
284 | 151 351 | 1011
|_ 1233
. —
354,8
Pl N
/s JL N NOTE
: 9 ol oc
SPECEICASION i 1. TIAgls 2A2] 61, 212C AY
NORWAL VODULE 5 \ 2 BB B2 EERI0) 0.60.7
NUMBER OF TEETH 36 T . 5 HrC : 58~62
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