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Friction and lubrication performances of magnesium alloy sheet in
numerically controlled hot incremental forming
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Abstract: The friction and lubrication mechanism of AZ31 magnesium alloy sheets in numerically controlled hot
incremental forming were investigated by numerically controlled machine tools and friction tests. The results show that
the single point incremental forming (SPIF) of magnesium alloy sheets can be achieved by heating. The solid lubricant
film can be divided into two types, bonded and adsorbed ceramic coatings. The initial friction coefficients of graphite and
MoS; solid lubricant are both less than 0.12, which can ensure to obtain good inner and outer surface of hot incremental
forming parts, without any defects such as scratches or cracks. The adsorbed porous ceramic solid lubricant film works as
both lubrication and self-lubrication. The size of solid lubricant particles has an influence on the initial friction coefficient.
The solid BN powder does not play the role of lubrication. As a result it can not be employed alone as a solid lubricant in
hot incremental forming. When the temperature is lower than 500 °C, the initial friction coefficient of the composite
sprays mixed with solid graphite and MoS, powders by a certain proportion is less than 0.2, exhibiting a synergistic effect.
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Fig. 1 SEM morphologies of solid lubricant particles: (a) Big graphite (Cb); (b) Small graphite (Cs); (c) MoS,; (d) BN
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Table 1 Lubricating methods and results

Test No. Lubricant Application method Quality of formed surface

A MoS, Coated with binder Good

B Graphite Coated with binder Good

C Graphite +MoS, Coated with binder Good

D BN Coated with binder Bad and cracked

E Solid spray Sprayed Good

F Graphite Without binder Rough and nicked

G Graphite or MoS, Coated with MAO Good
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Fig. 2 Friction coefficients of ceramic solid lubricants (Load=
5N)
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Fig. 3 Friction coefficients of bonded solid lubricants (Load=
IN)
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Fig. 4 SEM morphology and friction coefficients of solid mixed spray: (a) SEM morphology of solid spray; (b) Load=1, 3, 5 N at

room temperature; (¢) Load =50 N at room temperature; (d) Load =50 N at 500 ‘C
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Fig. 5 Formed cone parts in SPIF under different lubricating conditions: (a) Without binder+Cb; (b) Binder+Cb; (c) Binder+MoS,;

(d) Binder+BN



50 A G EE R

20124FE 1 H

SERGHHEIN TRIE, WP S(A)FTms. X3 Bk 45 8L
A BN YR B IADRG &5 AR /IS, A A BN R &5 R0
L&A REINEREEN, SEEOE AL 5ok 5]
(1) BE 5 S B AR ISR 2, 1K — 45 15 TC4 Bkl
FiE T B B

T A [ AR B v M R GRS )38 ) TR 7
B AT RCRIR b, A S LR A ) S Ok
RIMER—E 45477, Rt THESLIBORHZ 3l L
TR, BUBAE N AR R R A, AT, 251
li] 4447 5561 MoS, i MR (LI 5(b) AT 5(c)), BIA4E
FimsedE. el LRRMAGEESE, WilE 6T
o ML 6(b)RTE Y, A M 5 4 7 o 4 R AR
Bl , BIEAT RUFROESEEER . RS g
W, e L F [ A A B8R0 MoS, WA g 71,
R R ] A AR 8 W A

% LB B2 [ 4 MoS, i T I (A G) AT R AF (1)
WA, M LAENRIDEH, HRA RREGE,
WK 7(a). MK 7(b)rT g3, B = A LA AR
A MoS, BURL, I A2 LLIF I 2 FLFE & [ Al v )2
(1 B AR

—

k. Inner surface

ol

¥ Solid spray

Bl 6 PRV SR I P At I A

3 it

BORHTE BB BA AT FH e T2 KA T SR
R A R 2 _ LR TS s, LT E ks
BTG B R TR AR TR A BT, AR 1A T2
YRR AR AR IR o« N TR il ) B g e
T H S SRR X o ASEEE R A O S0k
AR N AR F R 5 TSI it 9 O I,
JIT e B P e A W 7 AR AN

BTG, A8 AR . MoS, By AR . BN YA LU
I YT P FEEA AR P g vl [ A o 0 o LAY
FEERT 3 Ayl 5 28 o] ] e ST s 2 o] A e e

5K 75 A S OTSKE  [] AAE v MLEREAT T AN
WSR3, BRI R AR A B AR A 4 8 BORLE 1
B, R AAAE KEMAL, R I Z U PAEH
S S Y S T R AR o X T AR
MR DARF RIS, SEAERSEH, BOERTABI ik
B SR IAALRE s 2) AT B4 rdE v R B v

Fig. 6 Formed cone part in SPIF by solid mixed spray: (a) Formed part by solid spray; (b) SEM morphology of inner surface
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Fig. 7 Formed cone part in SPIF by ceramic solid lubricant: (a) Formed part by solid MoS,; (b) SEM morphology of inner surface
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