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The Molding Analysis to the High-speed

General Purpose of High Strength Pulley

By Yu, Chan-Ok

Advisor : Prof. Yu, Kwan-Jong, Ph.D.
Department of Fusion Automobile Engineering
Graduate of Industrial Technology

Convergence, Chosun University

Abstract

To produce high—quality cast in developing high-speed general purpose of
high strength pulley, the causes of defects and physical phenomenon
occurring in casting have to be theoretically analysed. Defects can be
predicted through analyses on causes of defects and casting plans can be
changed or other processing variables can be controlled to produce
high—-quality cast. For effective control of casting defects, exact flow analysis,
thermal analysis, and stress analysis should be conducted to predict locations
and causes of defects. However, existing analyses on casting processes did
not consider packing process of cast and analyse flow and thermal behaviors
at full cast. There have been a number of analyses on inside the cast, but
few studies which analyse gate and spruce runner.

This study presents cast plan of high-speed general purpose of high
strength pulley using ductile cast iron according to types and simulates die
design and the principles of design for processing analyses. Fluid speed of

gate and overflow must be controlled to improve quality of cast. Therefore,
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this study analysed cast speed and solidification in thermal and flow
perspectives and based on the results, conducted a confidence test on the
high-speed general purpose of high strength pulley.

This study investigated factors of casting targeting the high-speed general
purpose of high strength pulley and confirmed that locations of gates affect
pores, flow and solidification of molten metal. As a result of analysing
packing, defects due to mis-run were predicted through computer analyses
and it was found that pores occur in thick section of the pulley parts by
gases In casting as a result of flow speed vector analysis, which can be
solved through changes in size of gates. Optimal cast conditions were applied
for configurations of real products and optimal flow was found at
temperatures ranging from 1200C to 13507C. After 50% of solidification
processed after packing, rapid solidification began when temperatures were
900C ~1100C measured. Below 900C, temperatures were maintained at the
center of parts for certain periods for thermal stability of cast and structural
stability of cast iron. Overflow recharges shrunken cast. Brinell Hardness
Test was conducted on specimen from the parts where defects are predicted
and hardness of the model with gates at sides was above HB210, which
indicates that part of the models used in fields may have defects. Therefore,
this study discovered that defects on main bodies can be minimized according

to changes in locations of gates.

Key Words : Pulley, High strength, High speed part, Moulding
analysis, Foundry device, Gate, Overflow, Solidification, Flow

temperature
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Navier-Stokes"7 2] A4 A4S YGAH S (Primitive value)d] &
HZ fX3lo] ARSIt 33 vdSHA FAle dissidel Abgd € 2 #

A4 2 (Continuity equation) :

ax T ay T oz 0 (2.20)
Navier-stokes "7 2]

ou Juu duv , duw _ 1 odp N
6‘t+ aX+ ay+ 0z - o 8X+V V2u—|— g,

Ov, duv, dw, dvw__ 1 dp N

at+ 0x ay 0z o ay+V - 9 v+ gy

(2.21)
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ow | duw | 0vw | Oww 1 ap N
o %] WA A
pop = o (KGO + 5 (KG) + 7 (K570)
(2.22)
Volume of Fluid
o~ o oz (2.23)
o714 v = FHAAF(kinematic viscosity), pt A9 ¥UE, g, g,
g xy s hee FANSE, Pe 9, P 4409288 dehit,
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Table 3.1 Mechanical properties of FCD500 alloys

Yield Strength | Tensile Strength Elongation Hardness Test
(N/mm?) (N/mm?) (%) (Hp)
Min 320 Min 500 Min 7 1707 241
388.9 520 9 194
Table 3.2 Chemical compositions of FCD500 alloy
(wt. %)
C Si Mn P Mg Cr Cu Mo
3.94 2.72 0.28 | 0.031 | 0.001 | 0.030 - 0.308 -

Collection @ chosun
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Photo. 3.1 Brinell hardness test machine
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(a) Ultra—high speed pully parts of A-type

(b) Ultra—high speed pully parts of B-type

Fig. 3.2 Modeling shape design of device in foundry for cast system
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Photo. 3.2 Pour molten metal into a casting
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3 i il : Fow - Temperature foC]
Z-Cast solution v2.6 Mt patinh

Title - Flow - Filling Fil e 10.002

Flow tine : 0.500 sec

Fill rate - 10,001

(a) A-type (b) B-type

Fig. 4.1 Flow analysis results in Filling processing 10 %

Z-Cast solution v2.6 e Flow - Tettporshie oc)
Title ; Flaw - Filing Fillrle - 20008

Flowe time - 1,000 sec

Fill rate - 20,006

(a) A-type (b) B-type

Fig. 4.2 Flow analysis results in Filling processing 20 %
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: Tl Flaw - Temperature [oC
Z-Cast solution v2.6 Fow g 1507 tee

Title : Flow - Filling Fillrate - 30,008
Flow time : 1.500 sec

Fill rate : 30001

(a) A-type (b) B-type

Fig. 4.3 Flow analysis results in Filling processing 30 %

i i Tile:Flow - Temperatue foc]
Z-Cast solution v2.6 Moyl o
Title - Flow - Filling Fillate 40005

Flow tine : 21001 sec
Fill fate 40,005

Mok - +1 DIEAL
"

(a) A-type (b) B-type

Fig. 4.4 Flow analysis results in Filling processing 40 %
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5 . il - Flow - Temperature foc]
Z-Cast solution v2.6 Flow tine 2501 sec.

Title : Flow - Filling Fil rate - 50.007
Flow tine - 2501 sec
Fill rate 50,013

(a) A-type (b) B-type

Fig. 4.5 Flow analysis results in Filling processing 50 %

i Tl e - Tamperstus oc
Z-Cast solution v2.6 e et s
Title : Flow - Filling Filfete san00n

Flow fime : 3,001 see
Fill rate - 60,008

tk #i m’m;l’:,

(a) A-type (b) B-type

Fig. 4.6 Flow analysis results in Filling processing 60 %
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Z-Cast solution v2.6

Title : Flow - Filling
Flow tine : 3501 sec. Fil st 70,000

T Flow - Temperature [oC]

Fill rate - 70.013

(a) A-type (b) B-type

Fig. 4.7 Flow analysis results in Filling processing 70 %

x Tie : Fiow - Tomperatrs o
Z-Cast solution v2.6 T Elos Tompemus o]
Tite  Flow - Filing
Flow e : 4,001 sec
Fill rate - 60,004

(a) A-type (b) B-type

Fig. 4.8 Flow analysis results in Filling processing 80 %
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Z-Cast solution v2.6 TS Fig L
Tile : Flow - Filling Filrae - 30014

Flo
Fill rate - 80.011

(a) A-type (b) B-type

Fig. 4.9 Flow analysis results in Filling processing 90 %

" Tile; Fiow - Tenperatute o]
Z-Cast solution v2.6 o e 0T ot
Tite : Flow - Fil e 100,000

Filling
Flow time - 5017 sec
Fill rate £ 100.000

(a) A-type (b) B-type

Fig. 4.10 Flow analysis results in Filling processing 100 %
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: Tt : Flow - Velacity [ens]
Z-Cast solution v2.6 Flow time : 0.500 sec.

Tle - Flow: - Velocity [ems] Fillrate : 10,002

Flowtine - 0500 sec.

Fill rate - 10.001

(a) A type (b) B type

Fig. 4.11 Velocity vector analysis results in Filling processing 10 %

- Tite - Fiow - Velocty [
Z-Cast solution v2.6 I e ]
i - Fiow - Velocty fonts] Fil o 20008
Flov e 1,000 sec

Fil s 20,008

(a) A type (b) B type

Fig. 4.12 Velocity vector analysis results in Filling processing 20 %
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Z-Cast solution v2.6 i Flow - Velocty (cns]
Flow tine 1,501 sec

Tite  Flow - Velachly [crs] !

Flow tine - 1500 sec Fll et 30000

Fillrate - 30,001

(a) A type (b) B type

Fig. 4.13 Velocity vector analysis results in Filling processing 30 %

Z-Cast solution v2.6 T Elo - vekocty e
Title « Flow = Velooiy [omvs] el

Flow tine : 2001 sec

Fill rle 40,005

(a) A type (b) B type

Fig. 4.14 Velocity vector analysis results in Filling processing 40%

_39_

(“Collection @ chosun



= il Fiw - Velocty eris]
Z-Cast solution v2.6 a2 e e
Tl : Fiow - Velocly fems] Filrate 50007

Flow ime - 2501 sec

Fil e 50019

(a) A type (b) B type

Fig. 4.15 Velocity vector analysis results in Filling processing 50%

i . it : Flow - Velocty [envs]
Z-Cast solution v2.6 Flowtine : 3,001 sec

Tile: Flow - Velociy [cnvs] il rate - 60005

Flow tine : 3.001 sec

Fill ate 60,008

(a) A type (b) B type

Fig. 4.16 Velocity vector analysis results in Filling processing 60%
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2-Cast solution v2.6 il : Flow - Velacly fers]
Flow tine : 3500 sec

Tile  Flow - Velociy [cnvs]
fow e - 3501 sec il ate - 70,000
Fill ate 70,013

(a) A type (b) B type

Fig. 4.17 Velocity vector analysis results in Filling processing 70%

Z-Cast solution v2.6 L L
T Flow - Valaciy [envs] il e 80003

Flow tme : 4001 sec

Fill ate - 80,004

(a) A type (b) B type

Fig. 4.18 Velocity vector analysis results in Filling processing 80%
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Z-Cast solution v2.6

il Flow - Velachy [ens]
Flow tine 4501 sac

Tle : Flow - Velocity [envs] Fill ate - 90,014

Flow tine - 4.501 sec

Fill rate - 90,011

(a) A type (b) B type

Fig. 4.19 Velocity vector analysis results in Filling processing 90%

Z-Cast solution v2.6

Tt : Flow - Velocty [orvs]
Flowtine - 5 017 sec.

Tle : Flow - Velocity [ems] Fil rate - 100,000

Flow tme : 5017 sec.

Fill rate - 100,000

(a) A type (b) B type

Fig. 4.20 Velocity vector analysis results in Filling processing 100%

_42_

(“Collection @ chosun



¥

Fig. 4.21~Fig. 4.30° €}

el

Al 7HA]

0C 71,2807C

#sh3ict

Fo 950 CellA & =2 37e 7] A

S

1100°C Ax=ellA §arsl 7] A2

to] 70% Akolol A

shget7) A ts

el 2=t

3z
ar

T el A oF o] 40% 0l A1 H-E

1l

R

A sk FAR WA ol
Fogart AAEE S FREAA do] YO WA e

-
L

A3 L7 "ojg o 90%, 100%°1 A

ofp

tod 2 2ol A

3|

A=

= oJo
T =22

5

o =4

-

3 b Feell A Dol whA e

sttt A-type9

A e Has)

ki3

oA o2

Hi

-

tel Aol E

H =% =)
T=0

2 8§47

%ol

¢

Z25-o] gA7F Z9
G 5o Aol 24y

FR ek 1ol A

S

e

Aol ER-o] A7} 25 5

(RN
AR

EE ol ARgH AL

=
=

@ 5 9k ol

™, B-typed} #&o]

_43_

Collection @ chosun



Z-Cast solution v2.6
Thle : Solldfication - Temperature [oC]
Solid rate : 20.05

(a) A type (b) B type

Fig. 4.21 The solidification temperature results 20%

Z-Cast solution v2.6
Tile - Solidiication - Temperature [oC]
Solid rate : 30.05

(a) A type (b) B type

Fig. 4.22 The solidification temperature results 30%

_44_

(«/Collection @ chosun



% Tie - Solisfcaton - Temperatre
Z-Cast solution v2.6 Solid rate - 40.01 )
Tl Solidification - Temperature [oC]

(a) A type (b) B type

Fig. 4.23 The solidification temperature results 40%

Z-Cast solution v2.6 b RS
Tite : Solidineation - Temperature [oc]

(a) A type (b) B type

Fig. 4.24 The solidification temperature results 50%
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Z-Cast solution v2.6 e ScaG = TS o]
Title : Solidification - Temperature [oC]
Solid rate - 60.03

(a) A type (b) B type

Fig. 4.25 The solidification temperature results 60%

Z-Cast solution v2.6 e St - a1
z

Tile : Solidifcation - Temperature [aC]
Solid rate : 70.00

(a) A type (b) B type

Fig. 4.26 The solidification temperature results 70%
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Z-Cast solution v2.6 i Sl Tapsnais CEl
Title : Solidification - Temperature [oC]
0

Solid rate : 60.01

(a) A type (b) B type

Fig. 4.27 The solidification temperature results 80%

Z-Cast solution v2.6 e SH e~ T 0
Tite ; Solidifcation - Temperature [oc]

Solld rate : 90,00

(a) A type (b) B type

Fig. 4.28 The solidification temperature results 90%
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= i il : Slfcaton - Temperature foc]
Z-Cast solution v2.6 The. Zolataction

Tite - Solidifcation - Temperature [oC]
Solid rate : 100.00

(a) A type (b) B type

Fig. 4.29 The solidification temperature results 100%
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Fig. 4.30 The contraction results in the gate
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Fig. 4.32 Solidification transfer thermocouple
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Fig. 4.34~Fig. 4.43& 1&37 Zg 9] -S4 H
o 19O 2 Fig. 4.3394 & = %ol 3 MA AP g5 =2 YZsh=

9= B} Fig. 4.3837 o] S 50% AP A Aefo A e %7}

Z-Cast solution v2.6
erature [oc]

Tite : Soldfcation - Temp:
Solld rate :10.02

Fig. 4.34 The inner temperature of solidification 10%

Z-Cast solution v2.6
Tite : Salidfcation - Temperature [oc]
Solid rafe : 20.05

Fig. 4.35 The inner temperature of solidification 20%
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Z-Cast solution v2.6
Tle : Solldfication - Temperature (oC]
Sold rate - 30.05

Fig. 4.36 The inner temperature of solidification 30%

Z-Cast solution v2.6

Tite - Soldfication - Temperature [oc]
Solid rate - 40.02

Fig. 4.37 The inner temperature of solidification 40%
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Z-Cast solution v2.6
Tite : Salldfication - Temperature [oc]
Solid rate : 50.

Fig. 4.38 The inner temperature of solidification 50%

Z-Cast solution v2.6
Tite : Solfcation - Temperature [aC]
Solid rate : 60,03

Fig. 4.39 The inner temperature of solidification 60%
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Z-Cast solution v2.6

Tite - Saldfication - Temperature [oc)
Solid rate - 70.00 3

Fig. 4.40 The inner temperature of solidification 70%

Z-Cast solution v2.6 |

Title : Solidification - Temperature [oC] (L

I Soraious )
i

Fig. 4.41 The inner temperature of solidification 80%
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Z-Cast solution v2.6
Tile - Sollaification - Temperature [oC]

Sold rate - 90.00

Fig. 4.42 The inner temperature of solidification 90%

2Z-Cast solution v2.6

Tile - Soliaification - Temperature [oc]
Solid rate - 100.00

Fig. 4.43 The inner temperature of solidification 100%
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Fig. 4.44 Hg hardness test zone
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Table 4.1 Hardness test results (Hgp)

A type B type
1 203 214
2 201 212
3 199 213
4 202 216
5 198 215
6 204 217
Average 201.17 214.50
220 1 WAtype
HBtype

|

210 o

205

200

195 +

190

185 T T

Fig. 4.45 Measurement results to the Hp hardness test
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Fig. 4.46 Brinell hardness test
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