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B REAWTARALH), BT DUMER SAETIR R i
DR D SR ) e 2, 1y BT 2% 1
FRPRE T~ UL R 7 1) 2 AN T AR A . O T VST
i, ASCICAORL U o0 oh 1 T DOR A Ry
[ RSP AT OB 2 7 1o B P A D7 1 ) O
D. D", SRIGHAPAT TRM S D 4y
Az o D, M H AR R 55 Dy, N
11

|D.|= IDI| xcosd
| D, |= I DI xsindx cos( a+ 0) (2)
|Dol= IDI X sin®x sin( a+ 0)
A O NBEBEL M, o Nz s YIS
FAARR, AW AT . R F AT — AR AR
FRAZA A
Mm:rdm+jm,
zw):ﬂDz
a(B) = a+ I|Do|'dt
ATLARIH 2 (3) BR R v 55 DT AR B0 1) 52 B 4 A
br . FEE HIa ), AR R — mian SR A SR % 5

FAARRN a+ 0, Do FT5HER a BRI LFMZ
R 27— a— O E 5K o B BN |

e dt

. dt (3)

5 A ST R, T AR S ] DA
Do I 5T ARFR IR RE M
VUL AR i, R — R Byl B B
RD, PURERI AN BT — AL Z Bl g0t
Pl ) [P 5, BB R 1 ) I 4 AT o] —
ZR B SO Z AEA r (EIG AR, E A1
)P B EAR . AT a I FHER R
AR, HAREER S A T E D, Bt
LABKR r (i), z(i)], r(i),(i= 0,1,2, -, n)
IBMMEN ro= i x R/n, z(i) WHIMENO. 7
SR, AR AT S S 0 B SRR O
LRIBETS d (i) RN N:
d(i)= {r*(i)+ 1*(i)- 2r(i)l(i)
cos( @) — [l(it)— r(i)*
cos( & )] *sin® #) 2 (4)
o, % S S bR C BB IS () 284, (i) =
lo— [vt— z(i)]ctan®, v NUTEREL FBHE,
t AINEL 2 (i) Rz s A6 I 20 W SORR
W NPTV AREEE . d (i) RAK (1) I
5:0(2) BeA R Z S MPIBGEE D, f1 D, .
TR TR R e LU ()20 K A, 15 2% 1)
ZI4E Ae INFTET PN, BT 2 7 38 Az
Rtz & Ar o L, AEATRI X, Zm0E A
AR KR [r(i), z(i)] B R [ (i),
Z(i)], Br(i)= r(i)+ Ar, 2 (i)= z(i)
+ Az . Uik, PTABIUTRRIR B 48 (ARG R 2 A
b, W 2 Bios o R HZ 5 Bk Al b T L2 i

Jet center
z at t + Ot
At t + At
z' (i)
Az Jet center
at ¢
At t]

z(l)’___=f

O r{i) () r

B2 VIBRIARREZIE R &K
Fig. 2 Schematic formation process of

contour line of deposited preform



F 9% 2

R A WU OB R R 22 R A A B I = 215 =

HUTRRER AR . & 3 M AR SE 5 A I
e Tl #6 B DR R AR FHA SO R T S i T 2
FAE TR LS, w] WP B ARAHAL, L]
AR SCHTY BAT RO i v, @ 552
BORATHAE VA, TS 2IA R IR KRR,
AR HEAT K E RS 1528 T 228 50T
BURFEAIRAIIEA TR .

2 FHRAM

FIH b RNy, 6 L i 28 g s
FIE T3 A B BE R TR AT T VH 04T
2.1 fwil  EEBSREAR

HE FLTN Y SR 18 A WS A B O T, 4
B 55 A e TS U EE LA BIYTR R T IR
B R o TR R 3 07 1) S5 W 7 ) —
B, VIBER TREA SR WO FE, BT AR T
SHMT, FREEX VR IER A K .
HE H Y ) R BSOS Y iR O iE, & 4
S REZ 5 el N P 5 N T S = 2 SR
PR/ 25 mm) B, PUERIR A [RIAS B M e,
RS ERL I U2 HEIR, BER T 3G 0, TR HEAR

(a)

B3 Ui IR, HITR

RER, WE 4(a) Froas; A0 30 mm
I, G 4(b) fror, PO O HAL FF 4G H IR
(W37T, i L S 5] P 3G 0 AR IR 3 e, 1
Gonig, HAMBEE RS KT B 4(a) B 81
o, ABAAAAE — B HERE; 4 0 BE3E K 21 50
mm I, HAMNEE OB, B o M
W, ik 4(c) B, XS 4(b) AE 4(¢) 1
L, TT AR I O B K I, TR A )N,
/e 50 mm NI ZZAHE N A A 173 K5
JE & B PURIR AL, T PR A 2, 17 i+
930 mm I, ZZALHER) 95% UL b REH# 5 2P0
s b, AR . Bl 4(d) kO FEA 30
mm, PR 75 s I A FH AR SRS o 5 B TR
W= R, oT LUE i, e R A A
T, EAR T DAE Ik 1 g O R SR TR IR I
JEAR, A S ZARMETE BB R AR, 24 L B
ORI, PURRER At tE BT e 2 i O BE /N I
DURIA 2 HEAR, W] LA E T 5T T 2ZAN 2T
BUEE(AE A M T E .
2.2 Rl RS B A

IR TR T 2 S M FEA %, UL
S TR IO BE AR o 1R T 2454 T nT L

. 160
1607 | 1
1 1120
120 | ~ S
= H
| — \LBO
801 \ —
40
40| |
1 /’,L ] L0
40 : Q
S
(b)

Sz 2l 75 18 AT R — SO 58 bR TURR IR IR R A

XN () RGO AR R TE S (AR 207, /L B 20 mm)
Fig. 3 Photographs of actual appearance (a) and predicted shape (b) of deposited

preform under conditions of tilt spray angle of 20 and off-center distance of

20mm, and direction of spray being the same as that of disc moving
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Fig. 4 Shape variation of deposited preform with off-center distance

under vertical spray (metal flow rate: 30g/s Al)
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Fig. 5 Shape variation of deposited preform with off-center distance under

conditions of tilt spray angle of 40° and metal flow rate of 30g/s Al and

Gauss coefficient(
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Fig. 6 Shape variation of deposited preform at
moving speed of disc of 1. 0mm/s, and with

other parameters being the same as Fig. 5(¢)
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at a tilt spray angle of 20°, and with

other parameters being the same as Fig. 5( ¢)
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THEORETICAL ANALYSIS ON EFFECT OF
SPRAY FORMING PROCESSING PARAMETERS

Cao Fuyang, Cui Chengsong, Fan Hongbo and Li Qingchun
School of Materials Science and Engineering,
Harbin Institute of Technology, Harbin 150001, P. R. China

ABSTRACT A mathematical model tracing the moving position of the surface of spray formed billiets/ discs w as utilized
to predict the geometry of the preform under various processing conditions. The conclusions can be drawn as: (1) no reg-
ular cylindrical preforms can be produced under the condition of spraying perpendicularly to the substrate surface; (2) as
the atomized droplets spray inclinely and the substrate translates perpendicularly, preforms with excellent formation can be
spray formed. The preform diameter mainly depends on the translating velocity, and the spray incline angle and the spatial

angle of the spray cone as well.

Key words spray forming numerical modeling rapid solidification
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