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Real-Time Automatic Control Technology of Rapid
Isothermal Extrusion of Aluminum Alloy Profile
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Abstract. This paper introduces the research and progress of isothermal extrusion in the world, clarifies the control prin-
ciple and method of this technology, and develops a new real-time automatic control system of rapid isothermal extrusion
composed of the gradient water-cooling system of billets, the liquid nitrogen cooling system of mould and the closed loop
control system of extrusion speed and outlet temperature. Studies have found that it can inhibit the temperature elevating of
billet during extrusion through the gradient water-cooling device with the pre-produced axial temperature gradient of billet,
which is controlled by the finite difference method and discretized heat conduction equation. Exit temperature regression
model is adopted to control liquid nitrogen intake to cool the extrusion mold, which stabilizes the mold operating tempera-
ture, prolongs the mould life and improves the quality of profile surface. The temperature of the profile can be adjusted ac-
curately by the predictive fuzzy model through adjusting extrusion speed using closed loop method. Consequently, the tem-
perature of the profile at the extrusion exit would maintain constant due to the triple linkage control system. This system is
also beneficial to improve the speed of extrusion, and ensure the accuracy of dimension and stability of microstructures and
properties along the length direction of the profiles. For rapid extrusion, the fluctuations of profiles temperature at the exit
can be limited within = 10 °C, and for slow extrusion speed producing industrial profiles, the temperature accuracy of the
exit profile can be contained within +5 °C , also the extrusion speed can increase by more than 30% for the extrusion alloy
with good performance.
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Fig. 1  The relationship of extrusion temperature and velocity
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Fig. 2 The schematic diagram of real-time automatic control system of

rapid isothermal extrusion in aluminum alloy profile
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Fig.3  The sketch of a model for the gradient water-cooling conduction in extrusion billet

TEFEAS BRI , L BIFE AL AR 22T BRI AT 55
TG TR — IR A K (2)

T (FT, 1T, 1T §T
ra M et w tE)te @
AR (2) 1 4EBR T nl R, Wik ¢, = 0, H

JE R AR Al A A (3)
or _ (&7, 1T &
ch - A(arz * r or * azz)

ST

(3)

X T HORE N R A BT, S O B T B T C(3)
PR AEIEN THORH A A (IR AR W, BT
IR B S 2R M (AR 250 28 08 250 DL S B A
) B A S S G T R

SR A BIR 26 00 6 B B VK v it 8 it JEE S A7 5K
RIVKE 52 P Hh i 252 14 ) B 5k 7 7 I 1) A 23 1) g A, i
DL 3t B 450 o — 32 S ) B R e A, ] R KR — BB T Y
A7 BR 22 R AR R , 2 57 5 o O R AR 1) 22 93 O 7



55 4

RS . G GRS IR PRGBS R SE I A S R BR 303

VA SR figt o 29307 1 5801 B2 37 1) S 7 B gl 2 AR 40 T

SR ATB 4 AN AHAR A IR (R SR A5 % 5 B TR (R 220

A BRZE 7 IR A IR A4S I U 22 0 DT R AT o
PRI R 2 T RN AT (4)

n+l  _ gm A 1 n ]7 ]7 n
T =T, +7cpAt[(Ax)2Ti'j_] + (rAr + (Ar)z)T”]‘j +
1 1
(),
(Ax)2 ij+l + (Ar)Z i-1,j
2 1 2
1 e 4
((Ax)z +rAr+-(Ar)2) “f] ()

PRORL T A1 R 220 T R A (S

A 1 1
™= L [ ™. ™.
i,j i,] + CpAl (Ax)z i,j-1 + (Ax)z i,j+1 +

| 2 1 o h (T -T0))
2Ti+],j - ( 2t 2) i, + ]
(Ar) (Ax) (Ar) AAr

(5)
HORHIU T 4515 8422 3 BRI A R (6) +
ﬂ?=m+$mhifﬂ”Wiﬁﬂ”+

<;fﬁ“‘(<;v+<éf)m+

B (fA‘x i) (6)

RHA IR S EZ 0 R AR(T)

m+l L 1 n l _

Ty =T + cpAt [ (Ax)zTiml + (Ar)zﬁn,j
( Lo, 1 ) MAT—T%)+hm(T—ﬂJ]
(Ax)*  (Ar)? )M AAr AAx

(7)
RS R Z TR AK()

A 1 2
o= oy A [ ™ ™
i,j i,j + CpAt (Ax)Z i,j-1 + (Ar)z i-1,j +

1 . 1 1 .
iR trwhgver K B
EFXTER 1 FORIIES BRI S8, HlE T Wik
BRHTZH%E, MAHARITTHM DEFORM - 3D, X I
TR B 22 43 T A RS A R PE RS T T E, R 1 S
AR 3 R B k. 1250, 950, 650, 350, 150
W/m® -+ K, BiK 10 s3k 18 s; HE2: 5 MR AR
Bk 1000 W/m? - K, WE/KEFE 5050k 10, 8, 6,
4, 2su{18, 14, 10, 6, 2 s,
gEIRANE 4 i, MK 4 bk R B, RAA R
SyRERY(FDM) T 25 3 574 R oo (FEM) 8 45 8 -+ 4
30, W 2 R A 7 °C o BRI DA, A
SCHTEE ST I B KA T A BR 25 e R A B . R
FHA BR 22 43 A5 8 25 1) B2 1 1 31 55 38 % L DEFORM 4K {4

WAL AT SR R VRN, %A PR 2250
RUA] VR A R
R1 BEKSIESH

Table 1 The parameters of Gradient water-cooling process
Physical properties and dimension of billet 6061 alloy
p/kg - m~3 2.69 x10°
C/y kg™t ¢! 888
MW em™hec! 180
Length/mm 500
Radius/mm 60
Starting temperature/ C 530
Numbers of water cooled ring 5
[a]
510 e
Method 1 PO e
3 ﬁﬂﬁw
é 4801 'ﬂ’ﬂ'ﬁ
©
° 22 —*—FEM-10s
3 ; -+—FDM-10's
oE) —+—FEM-18s
© 450 —+—FDM-18s
420 L L
200 400
Length/mm
[b]
510 L.
Method 2 --uh:;‘
'y
2 x
I3 oy
2 480} a2
: xﬂﬂﬁmi
e —=—FEM-10s
3 4255 f —+—FDM-10s
£ s S g —+—FEM-18s
g 450 :’)':A“A /’r" —+—FDM-18s
..«‘:.:.':“’
420 ' - - L
0 200 400
Length/mm

F4  TERH 10 s f 18 s I R kE 3R 001 3 ¥ 3 43 A
T &5 R
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face temperature when cooling for 8 s and 10 s
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