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a. riser funnel b. mold

c. explosive column d. water pallet

e. cylinder
B2 U BERE T AHA 3D A

Fig.2 3-Dimensional model diagrams of sequential solidifi-

cation process

R1 MERYESRE

Table 1 Table of material thermophysical parameters!'*
mold riser funnel  explosive

material Al Al TNT/RDX(33.8/65)
A/ Wem™TKT 240 240 0.26

. 1710(25 °C)
p/kg-m 2700 2700 1640090 C)
c,/k)-kg K 0.9 0.9 1.181
H/kj-kg™ - - 37.5
T./°C - - 80

Note: H is latent heat of phase change. T, is melting temperature.

F2 BIRIRSEFE
Table 2 Model size table

mold riser funnel explosive
120 (above)
D/ mm 110 (outside) -
55 (down)
d/mm 5 4 -
h/ mm 426 100 -

Note: D, dand hare model diameter, thickness and height, respectively.

®3  BLEAUKICEAL Bk

Table 3 Displacement data of mold and pallet

time /s y, / mm y, / mm
0 0 10

1 0 0

1900 =190 =190

Note: y, is position coordinate of pallet. y, is position coordinate of mold.

CHINESE JOURNAL OF ENERGETIC MATERIALS

R I 3 R BB LK ST 402 s B s 7 AT LA
F il =0ny BEEA TR G E BB R KFEE 10 mm, 1]
TizEhfER AIK ;=1 s BRI 5 7K F6 M HE i, K 3G
B RE F R 3524 =1900 s B B E FUK S B T
Z5190 mm, LU AS BB E A K#E 0.1 mm-s™,

Y

| (blue edge)

A .
L7 o] /9y||nder ‘
b ‘/’/

pallet—

=0 t=1s
3 R AEALE Sl PR Z R
Fig.3 Schematic diagram of the displacement process of the

=1900 s

mold and the pallet

T S, 1B K AT 1 T B R A R B AR
JE B ARG T8 S B K FE AL 5 IR K i 1 A1 2 T T
B TE A U e G R AR B O A R AR AR R
MK RE, b, m WM R E N
10 W em™- K™ K3 R E0 % 1000 Wem™ - K™,
MK AT 5 A L A BE R A 4 il e AL AR 3R T
BT Y e B G ] B R R S v HIK, HoR R Bl
Bl =z A5 Ak
2.3 RIRBIIHIE

Sk B UE DA B B0 AR R RS 1 R RE M B 5 X 3C
BRL14 T Y B ARV 208 L DL B SCRRL 10 ] Hp i ity 56
B RCHE AT T 50 0E

WFSE S~ 7 STk 141 8 R 41 ik 56
HEELB AL ([ 4) B8 T 5 SCHRL 14 ] d X g A7 & 1Y i
FED K AT 6%, 97,127 BRI T [ ARG [ ) B b 3
R BE I 5 SCmR b i 520 BOHE AT TR L, S5 R
KI5 TR o NI S AT LU Y, 25 9 0 AR AR |, B i 45 b
TR, 3 AN U0 I 00 T R I 2 P B 4
6" e B [, 75 AH S o F2 v AP BE 5 2 7 (AR X i 22
R B KAE 7% LA, X T A5 97 i 127 B 4D 25
5 Sy 45 5 22 4 1E 5% LAY, UE B AR B RE 6% e
TNT/RDX(33.8/65 ) K 24 it 3¢ [5 L1

HE— 25 AR GE ST T SCHER 10 ] BHE X R i A 5
(P 6a) Bt Sk [ 10 ] v /K T 28 ;b T 00 It 58 &1 28

N XK 2023 % F 314 #4348 (365-373)



368

R B EE NS SR

* ¢

o O

110 mm

o 12

@110 mm

4 IRV EIZ TR IR A A A
Fig.4 Distribution of temperature measurement points for
(14]

charge natural cooling process

%0 —— 6"_experimental
80} —— 9 _experimental
70k —— 12'_experimental
- - 6"_simulation

o 60F --- 9" simulation

= 50k - -+ 12"_simulation
40}
30t - N
20 1 1 1 1

0 5000 10000 15000 20000
t/'s
B 5 [ARWHBEL T LA SOk [ 14 ] 5256 15 B it £ %) L R

Fig.5 Comparison between simulation and literature temper-

ature curves for charge natural cooling process''*

N/

25 mm
10
# i
g 38 c
1S
s S| g
< S =
. S
5101
D110

a. temperature measurement points

100 —— 3 _reference
—— 5 _reference
—— 8 _reference
80r —— 10°_reference
--- 3 _simulation
O - -~ 5" _simulation
= 60r - -~ 8 _simulation
=== 10"_simulation
a0l
200 5000 10000 15000

t/'s

b. temperature curves

Bl 6 WU BERE T 20 BEUS Sk 10 T3 2 il e % b 1A
Fig.6 Comparison of temperature curves between simulation

and literature for charge sequential solidification process'"”’

Chinese Journal of Energetic Materials, Vol.31, No.4, 2023 (365—373)

P TR shil Pk g sr TR AL AR E T 44
53cwk[10] 47 B — S0 5 R s 3%, 5%, 8%, 107,
ARICT B [ 2 R v 4 A4S i T R AR AR 22 1 i
RN 6bo AR I A5 10" 5% 3T RS 8 I BE 1 , 72 F
AR A IR A A2 B B, A48 1) T B 5 SCR 2 25 (8L 1Y) A
XiF i 22 76 9% e A7, %t T 3%, 540 87, A5 0L 3 i 11y
AH XTI 25 7E 6% ~7 % , Ut B 0F 5 SRk FH 19 8% sl 300 A A A
J7 W AP P 8 18 T2 A BT AT

3 IZHHXMNKRARENRIT

3.1 IRFREIZEEEN

5T B T T2 2k R e, R o 24 T i R A 2
WA KR AL T AR R EL A K A 2K
W06 T A R, 2 5 B0k e Rl K, B JF R 4R L
B ADEIER TR KE 25 2805 SCk (14 JA [A], IR0t ,
IR IR 22 T SCHk [ 14 ] 5 78 25 2% 5 [ ) 19, L
B RS A TR 06, BT LA R
A TKEB 3 38 B XUOR I R 0k, 3 OASE L T A UL B AN P 3k
1o 5 B A 2 0 % R I, 2 0% A ELRK R s T
7, PR A KA e AR BRI, KR 3 RN 5 T B
B B AN R A AT L AR T B 5 A A AR AL 2 2 o
7 5.826 kg, M4 thoiE 5 A e R ENCR
A TRUA 245 5 e T A ] TR) S AR BF 5 36 BB L A K i
Bt 2% 3Cmk[9]. L84 UL B i, 58K w0 bk T 00 /Y
TZESHRE MR AR,

F4 MR THRN T LSHE
Table 4 Process parameters at initial working conditions

T, T, T, T, T, v t
parameters »

/°C /C /C /C /C /mm-s' /h
numerical values 40 20 90 87 60 0.2 2

Note: T1, Tz. TJ, T4 and T5 are water temperature, ambient temperature,
riser funnel temperature, explosive initial temperature and mold-preh-
eating temperature, respectively. v is mold water entry speed. t is riser

funnel temperature holding time.
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Fig.11 Distribution of solid phase ratios of explosives at 1150 s and 12000 s with different water injection speed (mm-s™")
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Table 5 Test factors and levels of orthogonal tests

factors A factors B factors C
levels

T,/°C T,/ °C v/mm-s'
1 60 30 0.15
2 70 40 0.20
3 80 50 0.25

Note: 1) T, is mold—preheating temperature. 2) T, is water temperature.3) v

is mold water entry speed.
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Table 6 Program and simulation results of orthogonal simu-
lation tests

sum of shrink-

factors )

age cavity and
test .

void volume

A B C ,

/ mm?®
1 1 1 1 1.429
2 1 2 2 1.280
3 1 3 3 2117
4 2 1 2 1.989
5 2 2 3 2.102
6 2 3 1 0.933
7 3 1 3 2.487
8 3 2 1 1.370
9 3 3 2 1.293
k, 1.609 1.968 1.244 -
k, 1.675 1.584 1.521 -
k, 1.717 1.448 2.235 -
range R 0.108 0.520 0.991 -

factor primary—secondary C>B>A

optimal scheme A,B,C,
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MM 22K 2, 0.520 mm?, B HL 3 G BE Ao 22 #
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/N o
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Fig.17 Temperature field curves of optimized program
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Fig.18 Fraction contours of explosive solidification process
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Fig.19 Distribution of shrinkage cavities of optimized program
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Simulation Study on the Effects of the Process Parameters of Sequential Solidification on the Quality of
Casting Charge

NIU Kai-bo', CAO Hong-song', LIU Heng-zhu', SHI Hui-fang*, WANG Zhao-guo', YI Mao-guang’
(1. College of Mechatronics Engineering, North University of China, Taiyuan 030051, China; 2. Automation R esearch Institute Of China South Industries
Group Co. ;Ltd, Mianyang 621000, China; 3. No. 2 Research Institute, Chongqing Hongyu Precision Industry Group Co., Ltd., Chongging 402760, China)

Abstract: Sequential solidification process has a great application prospect in casting explosives. In order to study the correlation
between process parameters and charge quality, a simulation study of sequential solidification process was carried out, based on
the moving boundary modeling method, where TNT/RDX (33.8/65) was taken as an illustration example. The effects of process
parameters, such as water injection speed(0.15, 0.20, 0.25 mm-s™'), water temperature(30, 40, 50 °C)and preheating temper-
ature (60, 70, 80 °C ), on temperature field and shrinkage defects in the solidification process were studied, based on
three-factor orthogonal tests, and a optimized process parameter program was obtained. It can be seen that water injection speed
has the greatest impact on charge solidification quality, followed by the water temperature and preheating temperature of mold.
Compared with experimental program (water injection speed is 0.15 mm-s™", water temperature is 50 °C), preheating tempera-
ture is 70 °C), the optimized program of orthogonal tests(water injection speed is 0.15 mm-+s™', water temperature is 50 °C, pre-
heating temperature is 60 °C) reduces the shrinkage volume by 74%. This implies that the matching of process parameters is an
effective method in improving charge solidification quality in the future. The simulation results and experimental design methods
in this paper can provide references for process parameter matching optimization of charge solidification.

Key words: cast charge;sequential solidification;orthogonal test method ;process parameters
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