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Application of Gas Heat Treatment Production Line in Aluminum-Si
Castings for Catenary

ZHOU Benjian
(China Railway Construction and Electrification Bureau Group Rail Transit Equipment Co., Ltd., Changzhou 213179, China)

Abstract: The application of gas heat treatment equipment in aluminum-silicon alloy castings for catenary was analyzed,
and explores a production control method of heat treatment process for large gas heat treatment production line through
process verification and special process confirmation. The gas heat treatment process of aluminum-silicon alloy casting

for catenary was studied by orthogonal test. The results show that the optimal heat treatment parameters are 535 Cx11 h+

165 Cx5 h. Under these conditions, the Al-Si alloy castings show good mechanical properties.
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Tab.1 Comparison and analysis table of energy
consumption between electric heating and natural gas

heating
mH H, i A4 KRk
8 925 0 4 S T R 300 kW/ & 300 kW/ &
[ 425 2/ 26
A 2 S T R 150 kW/ & 150 kW/ &
i 255 R 18 1&
-t 4 i 50% 50%
/Nt BB HE 375 kWh 54.2 m*h
AE U SR 0.9 Jt / kWh 3.25 Jt /m’
24 h RERE LA 8 100 JC /24 h 4228 7t /24 h
4F HE REFE LA _
(8 270 days B 218 TG/ 4 114 ToT /%
BEFE A X L LM BERE / KRR SAEFE:218/114=1.91
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Tab.2 Temperature uniformity measurement record table of gas heat treatment production line

prrS N [ Ao7 kA JER 2% L SR BE /°C
1# 21 3 a4 s# 6# T# 8# 9#
i 18] 4 1 530 536 534 531 530 535 532 531 531
i [E] A 2 530 536 534 531 530 535 532 531 532
i ] 5 3 531 536 534 531 530 535 532 531 532
i 1] £ 4 531 536 534 531 530 535 532 531 533
i [ £ 5 531 536 533 531 530 535 532 531 533
B[] 42 6 531 536 533 531 530 535 532 531 533
A 18] 5 7 531 535 533 531 530 534 531 531 532
B[] 5 8 530 534 531 530 530 534 530 530 532
i (] 45 9 531 534 532 531 530 534 531 531 532
S 530.6 535.4 533.1 530.8 530 534.6 531.5 530.8 5322
i 2= 4.4 +0.4 -1.9 4.2 -5 0.4 3.5 4.2 2.8
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Tab.3 Conformity confirmation form of insulation temperature process parameters of gas heat treatment production line

ATz B i i A R Ul /C ARIF AL E T AR BR$E /C

i 15 £ WM ORE O WHME O RE O BEMR R
24 34 a# 54 6# T# 8# 9%  FHME "
#£1 =15TC 2 <+5C 3 <+5C

1 530 536 534 531 530 535 532 531 532 53233 537  +4.67 536 +3.67 535  +2.67
2 530 534 532 530 529 534 531 530 532 53133 536 +4.67 536 +4.67 535  +3.67
3 530 534 531 530 529 534 531 530 532 53122 536 +4.78 536 +478 536  +4.78
4 530 534 531 530 529 534 530 530 532 53111 536 +4.89 536  +4.89 535  +3.89
5 529 534 531 530 529 534 530 530 532 531.00 536 4500 536 +5.00 535  +4.00
6 531 536 533 531 530 535 532 531 533 53244 536  +3.56 536 +3.56 535  +2.56
q 530 534 532 531 530 534 531 531 532 53166 536 +4.34 536 +434 535  +3.44
8 530 534 532 531 529 534 531 530 532 53144 536 +4.56 536 +456 535  +3.56
9 531 535 533 531 530 535 531 531 533 53222 536 +3.78 536 +3.78 535  +2.78
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Tab.4 Conformity confirmation form of holding time process parameters of gas heat treatment production line

0 58 B ] PR ] TR Bfi ik % 4 B B M BA S I
TOTEER O REIFHEHZ RRLRNZ REZE REFHMZ RS2 i [F) 22 (<3 min)
1 390 min 14:24 20:54 14:25 20:55 390 0
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Tab.5 Measured chemical composition of ZAISi7Mg0.6
aluminum alloy

Si Mg Ti Fe Cu Mn Zn Al
694 058 014 012 <0.01 0012 0012 H#&
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Tab.6 Ly(3*) orthogonal test table of heat treatment
process
— ABWRE BREWERE CHZEEE D ReE
I'c /h e /h
1 1(520) 1(8) 1(145) 1(3)
2 1 2(11) 2(165) 2(4)
3 1 3(13) 3(185) 3(5)
4 2(535) 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3(550) 1 3 2
8 3 2 1 3
9 3 3 2 1
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Tab.7 Orthogonal heat treatment test results of
ZAI1Si7Mg0.6 aluminum alloy

Res mgmsy e i HB
(¥11H) (#18) (¥118)
1 AB,C,D, 286.00 3.19 108.63
2 AB,C.D, 310.75 1.94 116.75
3 A\B,C;D; 323.62 1.69 112.88
4 A;B,C;Ds 339.25 2.50 122.37
5 A;B,C;D, 345.75 1.44 120.00
6 A;B;C,D, 305.25 5.45 106.25
7 A;B\C;D, 351.12 1.50 107.75
8 A;B,C,D; 315.62 5.06 108.62
9 A;B;CD, 336.25 3.12 116.62
RS EXREHBRESH
Tab.8 Range analysis of orthogonal test
P [ﬁ?ﬁ.iﬁﬁ [ 75 B 1] Ba‘%&ﬂiﬁfﬁ i 4 ]

Ic /h 1e /h

| 306.79 325.49 302.29 322.67

Il 330.08 324.04 328.75 322.37

= 111 334.33 321.71 340.16 326.16
R1 27.54 3.78 37.87 3.79
I 2.27 2.40 4.57 2.58
Il 313 2.81 2:52 2.96
¢ 111 3.23 3.42 1.54 3.08
R2 0.96 1.02 3.03 0.50

I 11275 112.92 107.83 115.08

Il 116.21 115.12 118.58 110.08

HB 111 110.99 111.92 113.54 114.62

R3 1.76 32 10.75 5
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Fig.1 Mechanical properties of randomly selected castings
arranged according to strength

ti“"‘!." ;'“-v & Lo

d g
( \ . / /‘ t/ .
za’ - 3 0 \ A - b
o e g "3.”'
- TR A
¥ b o
e e ﬂ’h e ‘... ' <« *
e '.‘ SeTeast * g,

- e 2o

E 2 %&f#ﬁ*ﬁ*ﬁm %200
Fig.2 Metallographic structure of castings
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