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ABSTRACT

frequency WJF-38 type micro-computerbased automatic metal material separator and the hardness of 2014

Since there is a single-valued reverse “ C” shape relation between the displayed values of low

aluminium alloy after solid solution treat ments at different te mperatures and natural aging , moreover, the parts
without sufficient solid solution, the overburnt parts and the hardening crack parts respectively appear at the
top and bottom of the reverse “ C” shape relationship curve , the hardness of the 2014 aluminium alloy can be
quantitatively determined by the WJF-38 instrument. Its Brinell hardness, Rockwell hardness and Vickers
hardness values can be directly displayed. The parts without sufficient solid solution, the over burnt parts and
the hardening cracked parts can also be accurately separated by using the WJF-38 instrument. Furthermore,
there is also a reverse “ C” shape relation between the hardness of 2014 aluminium alloy after artificial aging
treatment and the displayed value of the WIJF-38 instrument. The precision of the hardness tested by the
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WIF-38 instrument is about HRB X1 .3, and the separating speed can reach 1 500 parts per hour.
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1 INTRODUCTION

Since the paper “ Rapid, Nondestructive
And Quantitative Testing of Hardness of Alu-
minium alloys” was published[l], many readers
have been very concerning about the rapid non-
destructive testing of aluminium alloy’s heat
treat ment qualities such as solid solution treat-
ment degree , overburning , hardening cracks and
hardness. So we particularly carry on the re-
search of testing the quality of the 2014 alumini-
um alloy ( which is liable to overburn) after solid
solution treat ment plus natural aging and artifi-
cial aging treatment. The results show that we
can use the WIJF-38 type micro-computer based
automatic separator[z’” to rapidly re move the
parts without sufficient solid solution, the over
burnt parts, the quenching cracked parts, the
underaged and overaged parts. It can also be
used to quantitatively test the hardness after sol-
id solution treatment and aging treatment.
Moreover, it can be used to study the heat
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treat ments of the aluminium alloys .
2 PRINCIPLE

The basic principle of using WIF-38 type
instrument to test aluminium alloys’ s properties
such as hardness has already been described in
Ref.[1]. The instrument is successfully devel-
oped by means of differential mode . It is based
on the fact that the output voltage of the tested
part is in proportion to its electrical conductivity ,
that is, property indexes such as composition,
hardness and stress. Two solenoid probes (also
called crossing- mode probe) or a pemrshaped
probe (also called placing- mode probe) is adopt-
ed for the instrument . The tested part is magne-
tized by a certain frequency ranging from 1 Hz to
1 500 Hz and the induced voltage signal is ob-
tained . After the signals processing system and
the single-chip-processor system have processed
the signal , the part’ s composition, hardness and
heattreat ment defects such as overburnt and
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hardening cracks will be directly displayed on a
four digit display. If it is an unqualified part,
the instrument can give an alarm by light and
sound .

3 PREPARATION OF TEST PARTS AND
EXPERI MENTAL METHOD

3.1 Preparation of test parts of 201 4 alumini-
um alloy

Choose the as-delivered 2014 aluminium al-
loy rods with diameter of 10 mm and unprocessed
surface, then cut them all into 80 mm length,
that is , the test parts are 410 mm % 80 mm in di-
mension .

(1) Their solid solution te mperatures are
respectively 460, 480, 490, 500, 505, 510,
515,520 and 530 C. Their holding time is all
45 min. Then they are water hardened at indoor
te mperature , and after that they undergo natural
aging .

(2) They accept solid solution treat ment at
495 C, then accept water hardening at indoor
te mperature after 60 min heat preservation, at
last , they accept artificial aging treat ment at 175
C. The aging heat preservation times are re-
spectively 0.5,1.0,2.0,3.0,4.0,4.5,5.5,
6.5,7.0and7 .5h.

3.2 Experimental method and equipment

Hardening heating and artificial aging are
all carried out in the muffle furnace .

Test the hardness HRB values of the heat-
treat ment test parts mentioned above by HRI150
type scleroscope . Observe the microscopic struc-
ture and defects such as hardening cracks of the
heat-treated parts mentioned above by optical
microscope . Test the heat-treat ment quality such
as hardness , overaging , over burning and hard-
ening cracks of the heattreated parts by WJF-38
instrument’ s value-displaying method and “ YI
method” for hardness testing .

4 RESULTS AND DISCUSSION

4.1  Relationship between solid solution tenr
peratures and WJF 38 instrument’ s dis-
played values of 2014 aluminium alloy

The relationship between solid solution te m-
peratures and WIJF-38 instrument’ s displayed
values of 2014 aluminium alloy is shown in Fig .
1. It is thus evident that the WIJF-38 instru-
ment’ s displayed values of 2014 aluminim alloy
monotonously decrease with increasing solid so-
lution te mperature . The reason is that the in-
crease of solid solution te mperature increases the
supersaturation degree of the 2014 aluminium al-
loy , meanwhile the density of vacant positions is
also large , that is, 2014 aluminium alloy is in
the double supersaturated state, both factors
cause the reduction of electrical conductivi-
ty[4’5 1. So the WIF-38 instrument’ s displayed
values in proportion with electrical conductivity
inevitably drop monotonously with increasing
solid solution te mperature .

The reason of the formation of the curve
shown in Fig. 1 can also be explained by
strengthening phase’ s dissolving condition dur
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Fig.1 Relationship bet ween solid solution
te mperature and displayed value of 2014
aluminium alloy on WJF-38 instrument

(natural aging)
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ing 2014 aluminum alloy’ s solid solution treat-
ment . The major phases that have strengthening
functions in 2014 aluminum alloy’ s aging are
Mg,Si, CuAl,, Al,CuMg and Cuy MgsSijAl,
phases . The check of metallography of the test
parts undergoing solid solution treat ments at dif-
ferent te mperatures shows that when they are
heated between 460 T and 490 C, although the
above- mentioned chemical compounds have
dissovled , it is not obvious. When heated at 500
C, except for CuAl,, the other phases have all
re markably dissolved. So the test parts’ electri-
cal conductivity drops linearly . Till the parts are
heated between 505 C and 510 C, the solid so
lution phenomenon is more notable, at this time
the electrical conductivity almost drops vertical-
ly . When heated at 512 C, CuAl, phase begins
to dissolve obviously , and the solid solution con-
dition is growing better with increasing te mpera-
ture. The electrical conductivity still drops lin-
early, but the dropping amplitude is subsiding .
Known from Fig.l , we should choose 505 C or
so as solid solution te mperature for 2014 alu-
minum alloy, because at this time the WIJF-38
instrument’ s displayed value drops vertically .

4.2 Relationship between hardness and solid
solution temperature of 2014 aluminium
alloy
The relationship bet ween hardness and solid

solution te mperature of 2014 aluminium alloy is

shown in Fig .2 (after natural aging) . It is thus
clear that 2014 aluminium alloy’ s hardness in-
creases with increasing solid solution tempera-
ture , and reaches the peak value at about

515 C. After the te mperature exceeds 515 C,

instead, the hardness decreases with increasing

solid solution te mperature .

As we have mentioned before , with increas-
ing solid solution te mperature , the supersatura-
tion degree of 2014 aluminium alloy increases,
the density of vacant positions is large , and the
vacant position density kept at ambient te mpera-
ture after solid solution is also large, thus the

effect

So with increasing solid solution

strengthening
[7.8]

caused by aging is
strong
te mperature , the hardness increases and reaches

the peak value at 515 C. By metallographic

check, it is known that overburning appears in
the test parts treated at 520 C and 530 C,
moreover, the hardening cracks appear in the
test parts treated at 530 C . These factors result
in the decline of mechanical properties such as
hardness .

As shown in Fig.2, it’ s hard to judge the
overburning defect by testing Rockwell hard-
ness , it’ s also hard to discriminate the parts
with insuffcient solid solution and serious over-
burning . Moreover, testing overburning by met-
allographic method can be only sample testing,
and still it is destructive testing .

79
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731
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71
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Fig 2
solid solution te mperature of 2014

Relationship bet ween hardness and
aluminium alloy (natural aging)

4.3 Relationship between WJF38 instru
ment’ s displayed values and hardness of
2014 aluminium alloy after solid solu
tion treatment at different temperatures

plus natural aging
The relationship between WIF-38 instru-
ment’ s displayed values and hardness of 2014
aluminium alloy after solid solution treat ment at
different te mperatures plus natural aging is pre-
sented in Fig.3 . It is thus clear that there is a
reverse “ C” shape relation between WIF-38
instrument’ s displayed values and hardness of
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2014 aluminium alloy after solid solution treat-
ment at different te mperatures plus natural ag-
ing . The reason is that with increasing solid so-
lution te mperature the WIF-38 instrument’s dis-
played values monotonously decrease, and the
hardness reaches the peak value at about 515 C,
thus causing the reverse “ C” shape relationship
between the hardness and the WIF-38 instru-
ment’ s displayed values .

Seen from Fig .3 , the parts with insufficient
solid solution, the overburnt parts and the hard-
ening cracked parts appear at both the top and
the bottom ends of the reverse “ C” shape rela-
tionship. We can accurately separate the parts
with insufficient solid solution whose displayed
values are more than 7 000, the overburnt and
the hardening crack parts whose displayed values
are less than 6 400 .

The experiment shows that the testing of
the overburnt and cracked parts can be carried

7.2
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3
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Fig.3 Relationship between hardness
of 2014 aluminium alloy after solid solution at
different te mperatures and displayed values
of WJF-38 instrument ( natural aging)

out after the solid solution treat ment, it can also
be carried out after natural aging for a few days .
This is due to the fact that although the natural
aging at ambient te mperature can cause the in-

)

crease of aluminium alloy’ s hardness, it has no
or little effect on electrical conductivity[g] . After
the natural aging at indoor te mperature of 20 C,
the electrical conductivity drops little!*1, it will
not interfere with the relationship between solid
solution te mperature and WIJF-38 instrument’s

displayed values .

4.4 Relationship between WJF38 instru
ment’ s displayed values and hardness of
2014 aluminium alloy test parts after
artificial aging
The relationship between WIF-38 instru-
ment’ s displayed values and hardness of 2014
aluminium alloy test parts after artificial aging is
presented in Fig .4, which indicates that the re-
lationship between WIJF-38 instrument’ s dis-
played values and aluminium alloy’ s hadness af-
ter artificial aging is a reverse “ C” shape rela-

tionship[1 ]

. It is also pointed out in Refs.[ 5,
10] that the electrical conductivity of overaged
aluminium alloy is higher than that of normal ar
tificially aged parts. The factors that cause the
overaging of aluminium alloy include artificial
aging time and artificial aging temperature as
well. Too high an aging temperature will also
cause the aluminium alloy’ s over-aging, that is,
the decrease of its hardness, and the electrical
conductivity increases with increasing aging te m-

perature[ 107 .

So the overaged parts and the
under-aged parts can be separated by the WIJF
38 instrument. At the same time, we can also
use WJF-38 instrument to research into alumini-
um alloys’ aging technology .

The results of using WJF-38 instrument’s
“Yl method” to quantitatively test 2014 alu-
minium alloy hardness and LC4 aluminium alloy
hardness are analogous with each other !’ , so the
test data will not be listed again in this paper.
This experiment again shows that we can use
WIF-38 instrument to accurately and quantita-
tively test aluminium alloy parts’ hardness and
directly display their Brinell hardness , Rock well
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hardness and Vicker’ s hardness values. The
hardness testing precision is about HRB t1 .3,
and the separating speed can reach 1 500 parts
per hour.

Displayed value/10?

(S8
N
h

66 70 74 78 82 86 90
HRB

Fig.4 Relationship between hardness and
WIF-38 instrument’ s displayed values of 2014
aluminium alloy after artificial aging

4.5 Testing of 2014 aluminium alloy parts’
overburning and hardening cracks

Seen from Fig.3, when WIF-38 instru-
ment’ s displayed values are less than 6 400, the
relationship between displayed values and 2014
aluminium alloy test parts’ hardness takes a
turn. At this time, the hardness decreases with
decreasing displayed values. This is caused by
defects such as and hardening
cracks . Among them the hardening cracks’ dis-

overburning

played values are the least .

Ref . [ 6 ] points out that, aluminium alloy’
s overburnt structure is formed by low- melting
point eutectic’ s partial melting and oxidizing
that exist in crystals and boundary of grains
when the alloy’ s heating te mperature is higher
than the melting temperature of low- melting
point eutectic in the alloy. The structure has a

defect not allowed to e merge , because it can lead
to the decline of aluminium alloy’ s properties
such as hardness and strength . In the microscop-
ic structure of aluminium alloy test parts heat
treated at 520 C and 530 C, we observed the
overburnt features such as partial widening of the
grain boundary, the re- melting balls e merging
inside crystals and the obvious triangular re
melting area appearing at the juncture of grains .
The overburning of the tested parts at 530 T is
more serious, in which the hardening cracks
have already emerged. Ref. [1 ] points out that
lattice defect may scatter electrons and decrease
electrical conductivity . Vacant positions, dislo-
cations and surface defects can also cause the de-
crease of electrical conductivity . Every kind of
defects can cause the decrease of electrical con-
ductivity, crack is not an exception[lo]. Thus ,
the electrical conductivity of overburnt parts and
cracked parts is lower than that of the normal
qualified parts, and the WIJF-38 instrument’s
displayed values of them are certainly less than
those of normal parts. So we can use the WIF-
38 instrument to rapidly discriminate and sepa-
rate both the overburnt parts and the hardening
crack parts. This is certainly a reliable new
method for a hundred per cent nondestructive
testing of quality of aluminium alloys such as
2014 which is liable to overburn during solid so-
lution treat ment. Especially , for aluminium al-
loys, the WJF-38 instrument’ s standard pene-
tration depth can be from 3 .5 mm when the fre-
quency is 1 000 Hz to 23 mm when the frequency
is 20 HZ!! , thus overcoming the shortcomings of
the conventional eddy current conductivity in-
strument which can only test properties and de-
fects of the superficial area and the area close to
the surface . The WJF-38 instrument can test the
interior properties and defects of aluminium alloy
parts , and its hardness and defects testing can be
hardly influenced by surface coarseness. This is
an important feature of the method.

5 CONCLUSIONS
(1) WIF38 type

automatic separator for metal material’ s quality
can accurately test the quality of solid solution

micro-computer based
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treat ment and aging treatment of 2014 alumini-
um alloy , it can also be used in the research of its
heat-treat ment technology process .

(2) WIJF-38 instrument can be used to ac-
curately re move defect parts of aluminium alloy
such as overburnt parts and hardening crack
parts .

(3) WIF-38
quantitatively test aluminium alloy parts’ hard-
ness , the testing precision can reach HRB +1 3,

instrument can be used to

the testing speed can reach 1 500 parts per hour.
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