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Abstract: Thetests were done using different values of blanldrdidrces. The values of the blankhol
forces (BHF) were taken between OkN an kN. Two forming speeds and twofiwe specimenwere
usedduring the tests. The obtained results were arharétic average of each test done on the ¢
conditions. The following parameters of the spriagl effect were determined during the te:g —
anglebetween the bottom of the piece and the side '8, — angle between the flange and the side w

p—the radius of curvature of the piece v.
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1. INTRODUCTION

The most important problem of the magnesium &
sheets are thouse regarding cold formi— the
malleability. The processing of these alloys d#l
greatly from the steel and aluminum alloys that racest
used in the industry. The main advantage of magne
alloys is that of lower density than the most com«
used alloys- aluminum and steel [4].

The Ubending test consists in a continuous anc-
shock forming of a rectilinear specimen, aroundexe
up to an angle formed between the face of a poxtit
the bent specimen and the extension of the facihe
other part, or until a crack occour (Fi9.[3].

After removing the forces results a change in
shape of the piece, phenomenon that is called gimairk
or arcing. The springback is characterized by
geometrical parameters of the bent piece: the gipaick
angle and radius. Thengback radius is considered
be negligible in the case of a large bending rading
also in the case of bending with small bendingusdrhe
springback is influenced by the following paramst
mechanical properties of the material; shape
dimensions of the piece; bending angle; the structdi
the mold used; the adopted working procec

This paper presents the manner in wich the follgy
parameters have influienced the springback efféetr
the bending of the magnesium alloy she¢ influence of
the blankholder force; influence of the rolling edition;
influence of the forming speedifluence of the width o
specimen. The main objective of the experime
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Fig. 1. U-bending mold [1, 2

analysisis to establish an optimal range of variatior
the working parameters.

2. EXPERIMENTAL

The tests were done using a mold for deepdrawir
rectangular pieces. The construction of the molowa
different blankholder forces. The dimensions of
specimens were length 300 mm and width 30 mm
mm and 80 mm. An average four attempts were made
for each variation of the working parameters.
variation of the blankholder force was achieved
means of a handperated hydraulic device, the press
reading of the fluid being carried out by meansac
pressure gauge of 250 BAR. The formincrce was
obtained by means of a mechanically driven te-
compressive machine equipped with a variable s
regulator. Another parameter that varied duringtdsts
was the rolling direction. The profile of the tes
specimen and the springback pareers were
determined with a MicroVu Spectra device.Fig. 2 the
machines and instalations u are presented.
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3. RESULTS AND DISCUSSIONS

The experimental study on the influence of
blankholder force on the springback parameters
performed under dry friction conditions between eniaf
and tools. The parameters that were varied durir
tests were: the blankholder force, the formspeed and
the rolling direction. The tests were carried out
specimens with three distinct width: mm, 50 mm, and
80 mm.

Experimental results for 30mm widths samples
shown in Tables 3, 4 and 5.

The profiles of the Went pieces are shown in . 4.

Table 3
MicroVu Spectra device [£
Rolling ﬁﬁggr 8 ztngle
Table 1 Specimen | direction force [°]
The dimensions of the mold elemen [°] [kN] L R
Mold Elements Dimensions PO1 0 0 119.09] 119.19
[mm] . .19
Punch dimensions 78x120 P02 0 5 119.25| 119.56
Pitch connection range 10 P03 0 5 120.28| 123.19
Opening of the mold 80 d
Mold connection range 5 Po4 0 S 118.35| 119.39
The length of the punch stroke 50 PO1 90 0 126.19| 127.07
P02 90 5 118.48| 122.44
Table 2
Dimensional parameters of the sampl¢ P03 90 5 121.24] 11849
Number of Lenght | Width Rolling Table 4
samples direction Springback parameters- 8,angle
[pcs] [mm] [mm] [°]
6 300 30 0 Rolling Blank- 8, angle
3 300 30 90 Specimen | direction | holder force [®
5 300 50 0 [l [kN] L R
2 300 50 90
2 300 80 90 P02 0 5 43.55| 44.28
. . P03 0 5 51.11| 49.02
The dimensions of the mold elements are show
Table 1. P04 0 5 53.07| 49.47
The shape of the samples used is shown i. 3. P01 90 0 49.05| 45.49
The samples were cut from the shmetal at the
. . . . P02 41.4| 40.
angles of @and 90 relative to the rolling directior 0 90 5 0.08
The dimensional parameters of the samples P0O3 90 5 51.34]| 52.49
shown in Table 2.
Table 5

Fig. 3 Specimens used during the te

Springback parameters —curvature radius of piece wallp

- Curvature radius
Specimen dli;ggitri]c?n ﬁl,?glér of piece wallp
[ force [mm]
[kN] L R
PO1 0 0 111.69 117.42
P02 0 5 113.65 115.28
P03 0 5 113.95 125.43
P04 0 5 106.99 115.06
P01 90 0 122.06 150.1
P02 90 5 121.05 131.6
P03 90 5 102.98 107.4
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Fig. 4. The influence of the blankholder force

on the springback.

It was observed that if the blankholder forces ar

growing the intensity of springback andleis increasing

97
Table 8
Springback parameters — curvature radius of piece all p
| [ |
Specimen dlre[(:]tlon force [mm]
[kN] L R
P01 0 0 112.54 115
P02 0 5 112.06 117.38
P03 0 5 125.22 103.51
P04 0 7.5 143.41 119.88
P05 0 10 171.46 146.96
PO1 90 110.7 124.3
P02 90 112.86 116.58

and the intensity of springback andde is decreasing;
springback angles); between the bottom of the piece
and the side wall anél, between the wall of the piece
and flange recorded a tiny variation for low valuss
blankholder forces; curvature radius of piece wall
shows small variations for high values of blankleold
forces. Comparing the test results of the cutedgsiat 0
and 90 degrees to the rolling direction, it is xateat the
variation of the springback angle
conclusive in the case of the sample cuted perpalzdi
to the rolling direction. The experimental resutis the
50mm width pieces are shown in Tables 6, 7 and 8.

is much more

Fig. 5. The influence of the blankholder force
on the springback.

Table 6
Springback parameters— 6; angle The profiles of the U-bent pieces are shown in 5ig.
Blank. 8 andle It was observed that if the blankholder forces are
. Rolling holder 1[°g growing the intensity of the springback is decrgsin
Specimen | direction force springback anglesd; between the bottom of the piece
[°] [kN] L R and the side wall an@®, between the piece wall and
PO1 0 0 1278 | 12642 flange, record a strong variation for low blankfesld
02 o 2022 2 ob forces. Springback anglé, shows a stronger variation
P > 120. 122. than springback angRy; curvature radius of wall pieqe
P03 0 5 126.21] 123.24 shows higher variations for higer values of blari@ko
P04 0 75 120.18| 121.0p forces. By comparing the test results of the catgs at
0° and 9@ in the rolling direction it was observed that the
P05 0 10 113.25| 11348 \aration of the springback angle is much more
P01 90 130.23] 133.14 conclusive in the case of the perpendicular cuth®
P02 90 130.5| 125,58 rolling direction.
The experimental results for the 80mm width pieces
are shown in Tables 9, 10 and 11.
Table 7 Table 9
Springback parameters— 6, angle Springback parameters— 0; angle
Rolling Blank- 6, angle Rolling Blank- 0, angle
Speci A holder °] . S holder [°]
pecimen| direction force Specimen | direction force
[grd] [KN] L R [°] [KN] L R
PO1 0 0 52.48 52.58 PO1 0 0 128.16 133.1
P02 0 5 50.09 51.18 P02 0 5 125.11 128.04
P03 0 5 55.5 56.43 P03 0 5 123.32 125.31
P04 0 7.5 43.16 45.1p P04 0 7.5 121.14 124.31
P05 0 10 35.2§ 40.08 P05 0 10 119.01 120.36
PO1 90 58.14 62.52 P01 90 131.13 132.17
P02 90 51.2 54.4y P02 90 126.18 130.25
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Table 10
Springback parameters— 6, angle
. Blank- 0,angle
. Rolling 29,
Sﬂqgﬁ" direction I}glrc(i:(zr [°]
[o] [kN] L R

PO1 0 0 62.44| 66.36
P02 0 5 66.32| 66.04
P03 0 5 53.44 51.53
P04 0 7.5 55.46 56.02
P05 0 10 50.02| 49.07
PO1 90 68.11 63.43
P02 90 56.49| 59.45
Table 11

Springback parameters — curvature radius of piece all p

_ | Curvature radius of piece
. Rolling Blank wall P
Speci- direction holder p
men 7 force [mm]
[kN] L R

P01 0 0 97.44 98.23
P02 0 5 109.6 115.24
P03 0 5 158.66 124.6
P04 0 7.5 149.22 140.94
P05 0 10 168.66 153.78
P01 90 108.49 108.74
P02 90 116.28 115.85

Fig. 6. Influience of the blankholder force on springback.

The profiles of the U-bent pieces is shown in Big.
It was observed that if the blankholder forces grow
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Fig. 7. Influence of forming speed on springback.

Concerning the influence of the forming speed on
springback, the results obtained for the sampléks 80
mm, 50 mm and 80 mm widths af @s the rolling
direction (Fig. 7) were compared. In order to miizien
the influence of the blankholder force, its valaes fbeen
kept constant té = 5 kN.

The values of the springback parameters for the two
forming speeds used are shown in Tables 12, 134nd

It was observed that if the values of forming speed

grows the

intensity of the springback

increases;

Springback anglesd; between the bottom of the piece
and side wall and springback an@lebetween piece wall
and flange, record a stronger variation for lowalues
of forming speeds; curvature radius of piece wall
shows higher variations for lower values of forming

speed.

The profiles of the U-bent pieces are shown in Fig.

the intensity of the springback decreases. Spritigba
angles,0; between the bottom of the piece and side wal
and springback anglé, between piece wall and flange,

record a stronger variation for lower values of th
blankholder forces. The decreasing of the intensity
springback is more obvious for springback an@le
curvature radius of piece wallshows a higher variation
for higher values of blankholder forces. By compgri
the test results of the cut pieces atahd 90 in the
rolling direction it is noted that the variation tfie
springback angle is much more conclusive in the cds

Table 12
Springback parameters— 0, angle
Specimen| Forming 8, angle
Specimen|  width speed [°]
[mm] [mm/s] L R
PO1 30 0.23 119.25 119.5¢6
P02 50 0.23 120.22 122.29
P03 80 0.23 125.11 128.04
PO1 30 0.12 118.35 119.34
P02 50 0.12 126.21 123.24
P03 80 0.12 123.32 125.31
Table 13
Springback parameters— 0, angle
| Specimen| Forming 8,angle
Specimen|  width speed [°]
[mm] [mm/s] L R
PO1 30 0.23 43.55 44.28
P02 50 0.23 50.09 51.18
P03 80 0.23 66.32 66.04
PO1 30 0.12 53.07 49.47
P02 50 0.12 55.5 56.43
P03 80 0.12 53.44 51.53

the sample cut perpendicular to the rolling diatti
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Table 14 Table 17
Springback parameters — curvature radius of piece ail p Springback parameters — curvature radius of piece all p
] ] Curvature radius ) Curvature radius of
. Specimen| Forming of piece wallp ) Rolling BHE piece wallp
Specimen|  width speed [mm] Specimen | direction [KN] [mm]
[mm] [mm/s] L R [°] L R
P01 30 0.23 113.65|  115.28 P01 30
mm 0 0 111.69 117.42
P02 50 0.23 112.06 117.3§ PO1 50
P03 80 0.23 109.6 |  115.24 mm 0 0 112.54 115
P01 80
PO1 30 0.12 106.99 115.06 mm 0 0 97.44 98.23
P02 50 0.12 125.22|  103.51 P01 30
mm 90 0 122.06 150.1
P03 80 0.12 158.66 124.6 PO1 50
mm 90 0 110.7 124.3
Concerning the influence of the rolling direction o P01 80
the springback parameters, the results were oltdime mm 90 0 108.49 108.74

the 30 mm, 50 mm, and 80 mm width samples at

different values of the blankholder force (Fig. Bing
compared for different rolling direction.

In order to minimize the influence of the forming
speed, its value was kept constant at0.23 mm/s. The
values of the springback parameters relative tadhiag
direction used are shown in Tables 15, 16 and 17.

It was observed that at the change of the rolling
direction there is an increase of the intensity of
springback effect upon all
Springback angles); between the bottom of the piece
and side wall and springback an@lebetween piece wall
and flange, record a higher variation for®9®lling
direction comparative with°0 However, it can be seen
that the springback angl® shows a more consistent

parameters analised.

‘5

Fig. 8. Influience of rolling direction on springback.

variation comparative with springback an@lefor all the

, Table 15 06 width variations of the specimens; the cumeat
Springback parameters- 8 angle radius of the piece walp shows less higher variations
o 8,angle when changing the rolling direction.
Specimen Rolling ‘j'"ec“"” liHNF [] The profiles of the U-bent pieces are shown in Big.
] [kN] L R Concerning the influence of the width of the
specimens on the springback parameters, the regeitts
P01 30mm 0 119.0p 11919 oFkJJtained for the 38 mgm, 50pmm, and 80 mm width
P01 50mm 0 1274 12642 specimens and compared to constant values of the
PO1 80mm 0 128.16 133.1 blankholder force (Fig. 9) and rolling directions.
In order to highlight the influence of the width thie
P01 30mm 90 0 126.19 127.07 specimen, the forming speed was kept constant at
P01 50mm 90 0 130.28 133.14 v = 0.23 mm/s. The values of the springback parammete
PO1 80mm 90 0 131.1B 13217 inrelation to the used widths of the specimensshmwvn
in Table 18.
Table 16 Table 18
Springback parameters— 6, angle The values of the springback parameters in relatiomo the
used widths of the specimens
N 8;angle
Specimen Rolling glrectlon BHF [°] Curvature
(] [kN] L = , 8,angle 8,angle radius of piece
Speci [°] [°] wall p
P01 30mm 0| 49.07 46 men [mm]
P01 50mm 0| 5248 5258 L R L R L R
PO1
P01 80mm 0 | 6244 66.36 30 | 119.09| 119.19| 49.07 46| 11169 11742
P01 30mm 90 0 49.0p 45.49 PO1
PO1 50mm 90 ol 5818 6242 PSgl 127.8 | 126.42| 52.48 5258 112.54 115
P01 80mm 90 0] 681] 6343 80 |128.16| 133.1| 6244 6636 97.44  98.28
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After the performed tests it was found that the
measured values of the two springback angles redord
significant values in the sense that the springhettdct
is very high in the case of magnesium sheets.dthieen
found that the higher the blankholder force, the
springback effect tends to be lower. The disadggnta
the magnesium sheets under the present condisahat
the material does not withstand to higher blankéold
forces in order to obtain a low value of springback
angles. The ideal value of the springback angl®,is
meaning that after the bending operation is firistiere
is no springback effect.

Fig. 9. Influience of width piece on springback.

It was observed that as the width of the specinsen i
higher there is a slightly increase of the intgnof
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