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Optimization of process parameters and performances of
cryogenic cutting of magnesium alloy

FAN Lei, YAN Pei, CHEN Shiqi, CHEN Hao, JIAO Li, QIU Tianyang, WANG Xibin

(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To improve the machinability and surface integrity of magnesium alloys, and optimize the machining
parameters, a set of orthogonal experiment with four factors and four levels were carried out based on the method of
pseudo-level. Comparative study involved in the influence of three different cooling strategies, namely, dry cutting,
liquid carbon and liquid nitrogen coolants, as well as the cutting parameters on the surface integrity of ZK61M
magnesium alloy during turning were conducted. The experimental results show that the effect of cutting depth on
cutting force is the most significant factor, the feed quantity is the second significant factor, the effect of cutting
speed on cutting force is ignorable. Although the effect of cryogenic cutting on cutting force is not significant, it can
reduce the cutting force in some extents. The feed rate has a significant effect on the surface roughness and surface
residual stress. As the feed rate increasing, the surface roughness increases and the residual stress is introduced on
the machined surface. The cooling medium has a sub-significant effect on the surface roughness and surface residual
stress. Compared with dry turning, The cryogenic coolants can effectively reduce the surface roughness, refine the
surface grain and increase the surface compressive residual stress during cutting. As a cooling medium, the liquid
carbon dioxide is more effective than liquid nitrogen in improving the machining-induced surface integrity. Grey
relational analysis is used to obtain the optimal process parameters for cryogenic cutting of ZK61M magnesium alloy ;
v, =100 m/min, f=0.05 mm/r, a, = 0.4 mm, liquid carbon dioxide is used as the cooling medium. The response
prediction model between the process parameters and the machined surface quality was established through the
results of the relational analysis, the average error was 7.93%.
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Tab.1 Chemical composition of ZK61M magnesium alloy ( mass fraction, %)

JTE Zn Zr Mn Fe

Si Cu Al Ni Mg

RS w/ % 5.390 0 0.530 0 0.016 0

0.002 7

0.002 6 0.001 3 0.001 3 0.001 3 Bal
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Tab.2 Ggeometric parameters of the cutting tool

wifs  JEfas s, Ewfs o BMRAMA/ O JIREGR
(°) (*) (°) (°) (°) 242/ mm
10 7 0 93 32 0.4
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Tab.3  Orthogonal experimental factor levels for the turning

process
AF o/ (memin™) f/ (mme ) a/mmo B HIAR
1 50 0.20 0.8 Dry
2 100 0.15 0.6 LCO,
3 150 0.10 0.4 LN,
4 200 0.05 0.2 LN, *

x4 FHRBAR

Tab.4 Design for turning experiments

%% o/ (memin”') f (mm-r') e/ mm BEIAR
1 50 0.20 0.8 Dry
2 50 0.15 0.6 LCO,
3 50 0.10 0.4 LN,
4 50 0.05 0.2 LN, *
5 100 0.20 0.6 LN,
6 100 0.15 0.8 LN, *
7 100 0.10 0.2 Dry
8 100 0.05 0.4 LCO,
9 150 0.20 0.4 LN, *
10 150 0.15 0.2 LN,
11 150 0.10 0.8 LCO,
12 150 0.05 0.6 Dry
13 200 0.20 0.2 LCO,
14 200 0.15 0.4 Dry
15 200 0.10 0.6 LN, "
16 200 0.05 0.8 LN,
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Tab.5 X-ray diffraction parameters for residual stress measurement of magnesium alloy
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Tab.7 Results of range analysis of cutting force F_(N)
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Tab.6 Results of the turning experiments of ZK61M magnesium 4 22.28 35.64 40.38 -
alloy &= 5.21 22.37 30.28 1.71
e F/N  Sa/pm  Ra/pm o,/ MPa o /MPa HERE 3 2 1 4
! 56.06 3.57 3.44 -40 26 B RZEXT ZK6IM BE4 4 I F. ByS2 I
2 32.88 2.19 1.53 -8 -31 ) -
3 15.35 1.14 0.91 -10 10 BnE 2 R,
: 4‘1"23 2'§i g'zi _; _T; LEART 5E 2 AL EBES S NI R,
6 47.09 215 177 _10 15 X VT S35 ma 5 R R R UTHITR B, Bt DI
; égi (1)'(7)2 é'gi ‘5‘1‘ ;(5) TRIE RGN, JA07 B (B N B RE 22 B JEE BE RS, in ) 7
9 29:43 3:40 3:07 -8 -8 ELX BN T B AR, 3 2R — A X ) BY
;‘1) ;1'32 2-11 (1)-43 ‘2; ‘12 YIRS AR X R 7, DN S8 b 34K,
7. 1. 7 - - y N N A
12 15.44 0.76 0.44 3 a1 BEAN, o T U0 E R B B 8 R, A& S EDTHI AR
N 15.60 3.80 2.59 -3 -4 B, DRI G A7 T AR B WD AR AN, T L DT
14 25.29 2.10 1.98 -12 -7 s N . N \,
15 2780 1.08 0.81 _6 1 Bt VTR BE AR 38 R L3 K, &1 2 A Dl g
16 20.41 0.66 0.31 -18 -18 FIT IR R &
4 -
u]
36 -
30 / o
< -
= o
= \ Tm -
= 24
= \- o
H
o
18
o
12
o
O 1 1 1 1 1 L 1 1 L | | 1 1 1 1 J
50 100 150 200 005 010 015 020 02 04 06 08 Dry LCO, LN,
I IEEES Bii/ iy CILIRASES DA
v./(m+min™") Sl(mmer™) a,/mm BHIA i

2 FEEX ZK6IM $#5 & F VM1 F R0 E
Fig.2 Effect of factors on cutting force F_ of ZK61M magnesium alloy
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Tab.8 Results of range analysis of surface roughness Sa( um)

S
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1 1.879 2 0.705 5 1.917 7 1.879 5
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Tab.9 Results of range analysis of line roughness Ra( pm)

AR
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1 1.531 7 0.326 2 1.326 5 1.722 0
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Fig.3 Effect of factors on roughness Sa and Ra of ZK61M magnesium alloy
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Fig.4 Surface topography of ZK61M magnesium alloy after turning
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Fig.5 Microstructure of ZK61M magnesium alloy after turning

24 BEERREA

10 FIER 11 0 5 45 R X ZK6IM 85 4
J ) 1l ) ] ) R AR I D R 22 A AT A R I
H 4 A PR ZE 05 N T3 T 1) 88 % 7 T ) 5 e I

O A S VTR B > DI 3 > v 190 o, 4% R
XN AT A 1) 5 A% 107 3 B 5 R IR < E 4 e >
Y14 B> VI8 B > DT HITRE

P ZE X ZKOIM B 5 6 3R HIFRAY N T B 50



. 60 - ®oR

= AN

i 54 %

MAINE 6 iz, B3R 10 FIk 11 Al 7EBE A 4
PR G F I A R 4 hin T 3R T A 1) ] ) %
RN 15 m s R R R B kg, HIE 6 AT,
Biti 5 455 M 0.05 mm/r 34 K5 0.15 mm/r, 3 il
15k A FE 0 7080 0N  {EE X ik 4 it — 204 R 3R
(AR I EIR S Z AN L N > o = 3PS b et e I
AR BRI, TH P A S0, i SR T s hr
AR NEY S B Ti AT = i e 25y N = W W L S 1512 )
B AR HIBE A AT A% A A A 7 A KB
AN IR ATAS R, BN T 3T 52 B 5w 5 RV Rk
ARJEAT RN P HE R AR R T
F10 HEAREERRNS o, (MPa) IIREDTER

Tab.10  Results of range analysis of axial residual stress o, (MPa)
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Fig.6  Effect of factors on surface residual stress of ZK61M magnesium alloy
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Tab.12  Grey relational coefficient and grey relational degree
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Fig.7 Results of grey relational analysis
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Tab.13  Results of variance decomposition principal component extraction analysis
s IR RHE A PRI AT 77
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=82 TR % BB % =82 FEEI % BB %
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4 0.211 5.275 100.000
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Tab.16  Results of verification experiment
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