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ABSTRACT A step function model with time is presented, and an axisymmetric component is
regarded as the study objective in this model. Heat transfer coefficient during the gas quenching
process is described as a function of time, and five design variables are selected to do the design of
Box-Behnken experiment with five factors and three levels. The levels of design variables attained from
the result of Box-Behnken experiment design are regard as the technical parameters of gas quenching to
simulate the gas quenching process using the FEM software developed in the paper. Some mathematical
models of response surface are attained using the stepwise regression method and the response surface
method. These mathematical models show the releationship between the quenching results and the
design variables. An optimization model is presented in the paper, the distortion is regarded as the
optimization objective in the model. An optimization process is done using the non-linear method and
the Lagrange multiplier method. After optimization, four items of evaluation objectives are improved.
The quenching quality using technical parameters after optimization is much better than that using
technical parameters before optimization.
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Fig.2 Step function model of heat transfer coefficient
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Table 1 Box—Behnken experiment design list and computing results

No. Heat transfer coef. Qunching time ah (HRC) ahd (HRC) ast astd dist
H(1) H(2) H(3) T(1) T(2) (Average (Standard  (Average equiv. (Standard diff. (Deformation
hard.)  diff. of ah) resid. stress, MPa) of ast, MPa) degree, mm?)
1 0 0 -1 0 -1 56.68 0.97 ’ 257.42 144.11 69.58
2 +1 0 0 +1 0 57.49 0.65 261.45 171.57 80.98
3 -1 -1 0 0 0 55.40 1.11 407.69 218.19 92.23
4 0 -1 0 0 -1 56.61 0.99 349.63 206.13 82.19
5 0 -1 -1 0 0 56.48 1.15 218.56 151.97 61.70
42 0 +1 0 -1 0 56.95 0.70 401.6 211.51 94.48
43 0 +1 0 0 -1 56.87 0.73 430.76 228.14 103.56
44 0 0 0 +1 -1 56.75 0.86 391.26 221.08 86.29
45 0 -1 0 0 +1 56.53 1.10 257.88 162.85 65.18
46 0 0 0 0 0 56.75 0.86 391.26 221.08 86.29

Note: 1, 0, +1 in item H corresponding to 1.0, 1.5 and 2.0 kW/(m?2- ‘C), respectively; —1, 0, +1 in item T to 40,

60 and 80 s, respectively



1098 & J&

x 4%

—FR L, HEXEEATRNEERENETRR,
PR BEa R 50k, URIERRRITE R TEPH
FIEUEMEREN. HIBEE TS HII A REIIAF
AR Btk SRR LURAIE B 77 72 R B AT 1A X R AR
LR ER, AR H 3 F AR AR 2
B RE.

TV, BT 46 KK, HAEBE
¥ By 45. FIw R A EREERETUE, HAESE
YR 2B K ] VAR o — B R AR R, fE IR E
BRI, SRS 20 TURABIMARIR, X TARRE
HEATR R A G, KERT —EAERMRMIAE, &
JERIAR 11 IFARFIE R IR X4 2 18 T8 347 0 o
P EE, £BRT —SAREMWNTE, BERR 11
TRARFINR RLIR; RT3 18] B 70 44 SRR Ak I 7 HEA TR B
BHEILE B, £ T —SAE AWM IS, B/ERA 13
IR AR R, 3 TR 1 B TC S BORAR NI R HE 24T
WA, BT -EREENREIE, RERR
12 TRRAIMARL IR f - 2 T A58 B AR HE 22 047 ) R i T 40
G, RERT —EAEENRNIE, BERR 6 TRHA
MR SRR, FHEMRARR A, BRI
#EZE . ERE B AR AR AEZZ A Y il T a0 = (6)-—(10)
7R

dist = 43.26 4 35.49 x hy — 124.18 X ho+

92.64 X ha + 0.51 x t; + 0.15 X ty + 17.35x
h%Z —0.79 x hy X t; 4+ 1.11 X hy X t; + 0.56%
hg X ta — 0.67 X hy x t; — 0.67 X hg x t2 (6)
ast = —25.764 + 116.384 x hy — 404.086 x
hy 4 814.252 x hz — 1.354 x t; + 0.857 x t,
—167.059 x h? — 47.593 x h% — 87.559 x h2+
4.799 X hg X t1 +132.11 X hy X hg + 3.186%
hy X ta —3.721 X h3 X t; —3.721 X h3 x t3 (7)
astd = 106.939 + 93.557 x h; — 423.879 x hy+
452.802 x hy — 1.827 x t; + 0.986 X to—
99.771 x h? — 40.811 x h2+
107.92 X hy X hy (8)
ah = 51.0674 4 3.5984 x hy + 1.8409 x hy+
0.2415 x hjz — 0.0050 x ¢; — 0.0001 x
ta — 0.6245 x h? — 0.1091 x hZ—
0.3984 x hy X hg + 0.0096 X hy X t1—

0.1221 X hy X hs — 0.0065 X hy X t; (9)

ahd = 1.63065 + 0.05456 x h; — 0.31616 x hy—
0.08286 x hz — 0.00025 x t;—
0.00005 X t; — 0.10182 x h? (10)

K, ki, ho, hs, t1, t2 SAHIXEFE 2 &R 1 HH
H(1), H(2), H(3), T(1), T(2) AM&itER. &t
L) IR v AR SR A IR R A B R kv A Lk =
KL A AL
4.2 i1t HErZ 8L

VAR AL A AR, MHEGHEGE 2R M. (]
L TEBE, ERVENEFRERAT 80 mm?, %
T B TCH T3 S AR IR KT 300 MPa, R 85T
BN R AEZE AR BT 200 MPa, XM ESREER
MERMEFIEENEESR. E T L BAreR ey
HRRAT:

objfun = min(dist — 80.0)

t — 300.0 <
5.t { ast = 300.0<0 (11)

astd —200.0 <0

K, objfun £ EFRER
HETF.
4.3 ITESHWRLER
PR (11) fER it BARE B Ak, A La
grange F&-1i 171 31k B4R s BOEA T bR BR R 293
B IR (L. AL PR T 82N RME 2 B
R ARSI EEH, AR TRRE B IGTE
AT, MECERE, BERE TR,
KEEE AL, THEETSUARAN S, EEHBA )
RIFRELIAT IS, TR R RImE 3 FIR.
WFE 3 RELUE N, RS T E R IEE T
HRRGEER, DREEITELEMERE RIS, BET

s.b. RAMME, £R %

® 2 RILRTMRIAEHEXIEEH

Table 2 Quenching parameters before and after optimization

Optimization Coefficient, kW /(m?2 C)
H(1) H(2) H(3) T(1) T(2)
Before 1.50 1.50 1.50 60 60
After 0.60 2.25 0.90 55 48

Time, s

* 3 MALETRIRIL IS8R EER

Table 3 Quenching results before and after optimization

Optimization ah ahd ast astd  dist
HRC HRC MPa MPa mm?
56.748 0.863 391.26 221.08 86.285
After 59.013 0.865 199.17 101.54 72.664
Improving degree 3.99% -0.23% 49.09% 54.07% 15.79%

Note: if the improving degree is a positive, the improve-

Before

ment is favorable; if the improving degree is a

negative, the improvement is unfavorable
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