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ABSTRACT: The question of compensating for the error of dimension due to springback
phenomenon when forming metal sheet by SPIF method is being one of the challenges that the
researchers of SPIF in the world trying to solve. This paper is only a recommendation that is based on
the macro analysis of a sheet metal forming model when machining by SPIF method for calculating a
reasonable recompensated feeding that almost all researchers have not been interested in yet:

- Considering the metal sheet workpiece is elasto-plastic and the sphere tool tip is elastic, the
authors attempt to calculate for compensating the error of dimension due to elastic deforming of the

tool tip.

- The metal sheet is clamped by a cantilever joint that has an evident sinking at the machining
area that is also calculated to add to the compensating feeding value. The paper also studies the limited
force for ensuring the elastic deforming at these working area of the sheet to eliminate all the
unexpected plastic deforming of the sheet.

With two small but novel contributions, this study can help to take theoretical model for elastic
forming of metal sheet closer to real situation.

Keywords: SPIF method, sphere tool tip,

1. INTRODUCTION minimum with in the purpose of increasing the

. . f th ducts.
The  deformation of manufacturing accuracy of the procucts

installations is an unavoided phenomenon in Especially in the Single Point Incremental

almost all pressing machines. In this Forming method, a recent technology of metal

technology, on one hand, we attempt to sheet forming, the unexpected deformation of

progress the plastic deformation of the the product after forming (The Springback

workpiece as much as possible. On the other phenomenon) is a critical question that the

hand we have to restrict one of the researchers in SPIF field are interesting.
manufacturing installations such as machine, The goal of this paper is to describe the

spindle, tools, clamping installations... to the analyzing calculation for providing the
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compensative feeding rate for remedying the
damaging effects of the deformations of
workpiece (metal sheet) and increasing the

accuracy of the dimensions of the products.

In an acceptable hypothesis of the absolute
rigidity of the spindle, carriage, the paper only
concentrates in  the calculation  for
compensation the deformation of the secondary
installations for CNC milling machine when

forming metal sheet in SPIF technology.
The compensative values are composed:

- Elastic deformations of the tangent surface
of the punch and the metal sheet.

- Elastic deformations of the volume of the
cantilever part of the punch.

- Elastic deformations of the clamping
installation.

- Elastic deformations due to the elastic

sinking of the sheet.
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Figure 1. Deformed sections of the punch

2. CALCULATING TOTAL
COMPENSATION

2.1. Elastic deformations of the punch when

machining

In figure 1, we can see the sphere tip punch
that is mounted in the spindle of a CNC milling
machine. To consider the absolute rigidity of
the spindle and the carriage machine, their
deformations, if exist, are infinitesimal, the
deformation of the punch can be divided in 3

sections:

- Section 1: the deformation of the sphere
surface of the tangent area (y,) is equal to the

depth t of feeding rate.

- Section 2: a part of phere area (y,) of the
length of D/2-t that has a variable section.

- Section 3: the tail of the punch to the
clamping area of length (y3)
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Figure 2. Calculating the deformation of the tangent

section 1
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2.1.1. Calculating the deformed surface of
section 1 (the tangent area of punch and

sheet)

Although, the punch is made of by a very
hard material such as High Speed Steel,
Cutting tool alloy steel... It is deformed by the
elastic deformation that decreases its length
and causes the shorting dimensions of the
product after unloaded and has an effective part
on the springback that the recent papers have
not been interested in its importance and

finding out the measurement to remedy.
Name:
- D diameter of the punch
- t: the tangent depth
Observing the plastic deformed area in the
tangent sphere sheet, we found that the plastic
deforming of the sheet in the tangent area is
proportional to the elastic deformation of the
sphere tool tip and it formed the reaction
stresses on the last.

The deforming area is a part of the sphere
of radius of D/2, with the depth of t and '

€= Emax— [ AC'
In

e

tangent angle at center is

D-2¢

QPmax=AICCOS

When applying on sheet, the punch
generates only the deformation on the radius of
the sphere but the circumference of the tangent
area is invariable. In figure 2 we can verify that

AC has a maximum value to AC’.
The elastic strain of the sheet is calculated
. l
exactly from the Ludwik formula: E = ln(l—)
0

At the position of an arbitrary angle ¢=
(OB’, OC’), the deformation is the arc I=AB’

when its initial value is [;=AB.

Hence ¢ =1nl_1n[D(‘pmx_¢’)]
D

lo VDt —t* —Dsing
1)
-At point A (Qmax ) the strain 4=0
-At top C’ of the punch (¢=0) the strain is

Ec’

Since the elastic deformation is calculated by (1) we can apply Ludwid ’s formula for calculating

the elastic stress at an arbitrary tangent angle ¢ on the sphere section of the sheet.
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O':kgn =k.ln( D((”ch _(0)
DA Dt—t> —Dsing
—lIno = In(k.€")

Ink+ n.In(e) =In(k)+n.In | In(

)YI

D((pMux

2

- 9)

X

DAIDt —t*> — D sin ¢

Formula (2) describes the elastic stress at
an arbitrary point in arbitrary tangent area of
sheet and punch. It has the same direction of
strain. This means it has tangent direction with
the sphere at an arbitrary line that makes an
angle ¢ (Figure 2) with the axe of the punch.
We can consider it the normal elastic stress in

the tangent direction o"

D(@ye — @) y

DDt —t* — Dsing

61= k.In(

Gs=Y= L [(61- 62)° + (02 63) + (03- 61)°]
V2

with 6= ot ,

The stress of the circumference direction
or=0 due to the non deformation on

circumference.

Let’s consider an infinitesimal cube
volume in the tangent area in figure 2.
According to Von Mise critical, we write down
3 main orthogonal stresses of the cube. From
[7] we can find out the relationship among the

main stresses:

3)

172

1
2 2 2 2
G,= Og, 05= Ov=0 Gs:Y:ﬁ \/(UT -op) toy +o; :\/ oy +o; —0.0,

2 2 2
OR -ORrROT+OT Y =0

Condition A= or- 4(0r”. Y)=4Y>-3 01 > 0= &, <=7

o, 4477 =30,

2

Op =

V3

With the condition of the positive of or , we can eliminate the negative value:

o, 44V =30, @

Op = )

Replace (3) into (4) we have the normal stress on the sheet surface and with the law of Newton III it

is also the normal stress on the spheral surface of the punch.
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n 2n
D(gy,, —9) 2 a2 D(py, —9)
kin| ———2M 72| 4 14Y7 -3k°In| ——=Dx =1
_ [Z\IDt—tz —Dsing 2N Dt—t* —Dsing )

Or =

2
Select “+” sign and interest in the worst case that is the maximum stress: it appears at the top C* of

the punch (9=0)

n 2n
Do Do
kln| —2M=x | 4 |4Y? -3k%n| ——LMex
_ [zx/Dz -1 ] \/ 2NDt—t*

OMax =
2

D -2¢

In figure 2 @, =
} D

n 2n
D-2t D-2t
kn| ————| +./4Y? -3k21n[7j
Hence Gypa— [2\/Dt -1 J \/ 2N Dt -1 (6)

2

The tangent strain is e= op/Ep, where Ep is Young’s modulus of the punch

; -~
k.In _ Dloww =) +.4Y2 -3K%In Doy -9)
2(Dt-t* —Dsing 2/Dt—* — Dsing

2E,

From (6) we can calculate the maximum strain at the top of the punch (at =0)

n 2n
D-2t D -2t
kln| ——=——| +,/4Y?-3K’ln| ——
B [2\/DI—ZZJ \/ [2\/Dl—t2J

Max 2 Ep

The tangent depth is t (Figure 2), we can calculate the displacement of the shorted dimension at

tangent area y;=t.Eppx:

n 2n
of 22 ] +J4Yz-3kzln[l>—2tj

2F

1
P

2.1.2. Elastic deformation of the volume of the cantilever part of the punch y;:

By the cantilever clamped section, this part of the punch is also pressed.

With its diameter D and the length L of the punch the pressed deformation is calculated as:
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_ UZMax _ PZM{IX 'L
B TR, T 4B,
P =P

Axial force Pz is calculated in the downward feeding rate :

ﬂMu‘{
P, = jch.cosﬂ.ds =
0

r=\ Di—1* N Di-*
IO'R.cosﬁ.ds: JGR.cosﬁ.Zizrdr
r=0 0

Calculate its maximum value when oy reaches its critical value in (6)

2

cosfi= 1—4%
3\/01—12 ;
27D’ r’ D’ Dt—t* )
e = "3 O (14D2J = O 1- [14 5 ]
0
m 2 2 m 2 2
r D r r
P, =2z ! O'Max.,l—4§.rdr=— 2 o .([ ‘1—4Ed(l—4§)
a2 g = [(2) o)t -1 -2
ZMax 6 Max D D 6 Max D
D? 2tY
PZMax:T Maxlil_(l_Djj|

Replace (6) into:

n o | 3
aD? D-2t . [ D-2t ] (2: j )
= I ——— | 4+ [4Y2 3K —————— | |14+ =1
12 (ZVDI—ZZJ \/ 2NDt-t*) | \D

The shorted pressed displacement y; in Z direction [7] is:

5 B n 7 o |- 3
D k.m[&j N 4Yz.3kzln[&J 1,(12)
p. 1 12 2Dt 2Dt-1*) | D
— Zmaz = H|
T UE, D>
4 P
n 2n 37
k.m[ﬁJ N 4Yz-3kzln[ﬂj 1+[%_1] L
2Dt -1* 2NDt-1? D ) | )
V3=

3E

P
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2.1.3. Calculating the strain y, on the surface of section 2 (the area that is not contacted to the
sheet).
D?

From the figure 2, equation of the profile X+ y2 = T

The horizontal radius in tangent area changes in [-(D/2-t),0]

D2

2 2 2

ro=x"=—-
4 y

2
Area of this section {Ay =m?= ;;(DT —y? )}

Dis-placement du in differential axial dy:

du — P ZMaxdy
E, A,
Total displacement is:

0

Y,= Idu: j)' PZMm'dy:PZMm j‘ dy _

2

E. A 1) D
I - B e -2 (T -7
P T dy P } 1 1
ZMax ZMax
V.= = +— dy
mE, 5 D _ D~ aDE, p | D_ D
-2 ( 5 X B ») 2| ( 5 » ( 5 »)
D, ’
_ Pisw 2 u _ Pitw Tt 1Py
Vo= In = (0 )=
DE,| D E, D-t aD(D-1E,
I
2 Tk

Replace (8) into we have the dispacement of spheral area y, is :

n 2n 3
t.D k.ln[D_Zt] + 4Y2-3kzln[D_2tJ 1+(g—1j
2MDi-¢2 N D

12(D-1E,

(10)

V2=

2.1.4. Total strain due by the elastic of the punch y,= yi: y2: y3

From (7), (9) and (10) we can calculate the total strain of the punch:
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n 2n
k.ln(ﬁJ + 4Y2-3k21n[£] 1+[
24Dt —¢* 24Dt —1?

3
) }L
D

3E,

Y= 4 plkin| 2224 | 4 Jay? o3im| 222
24/ Dt —¢* 2Dt —+t*

R

(1

+
12(D-1)E,

k.ln[ﬁ o Jay? s D=2
24Dt —t2 22Dt —1*

7

+t.
2E,

2.2. Deformation generated by the sinking of

the sheet when forming:

The maximum axial resultant P,... can
cause the sinking of the sheet. Let’s observe
figure 3 with the simple clamping plate (round

in general case) but the shape of the sheet is

more complex. Ly, is the maximum distance
from the gutter of the clamping plate to the

minimum radius of the sheet. The sinking is

2t

extracted from the result 8-4 of [6]
as — R’V[ax'Al 'Li\/lax
! 8E,I,
Replace (8) into it:
2n 3
] {1—[1—2’) }.A,.st\
D Man
(12)

| Uj_

D-2t ) D-
D kln| ——=— | + 4Y2—3k21n[7
[ [2\/Dl—lzj \/ 2NDt—1?
o= 96E, 1,
@ ]
iy

Yo

Figure 3: The sinking of the clamping plate and the rigidity of the carriage of the machine

2.3. The sinking due by the flexibility of the
clamping plate yg:

In figure 3 we can see the pressed part of

the clamping plate yg:
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- The down clamping plate that is restricted
by the square boundary with its side a and the
diameter ¢ of upward clamping plate with a
round hole inside ( in the experimental
condition a=310 and ¢=250)

- The foundation (Figure3) is composed of
2 C section steel bar. Name Ag is its section
(Ag= 5*310=1550mm?’) and lg is its height (I5=
200mm)

PZM(IX LG
AGE,

Yo =

Eg is the Young’s modulus of the clamping
plates, we can calculate it as the following

value:

i \ (13)
Dot J [H[Zt—lj :l.lc
Dt —t* D

D% k.In| Lﬁ + 4Y2-3kzln[
24Dt —1? 2

Yo =

2.4. Total compensation:

244, E,

Addition all the values in (11), (12), and (13) we get the total compensation:

Ys=VptVrtYg

n 2n
D-2t 2 2
vy =l kIn| ————=| +.,/4Y" -3k ln[]
: {ZVDt—tz ] \/ 24Dt —1? (14)

2 Y[ L t.D DAL,
1+ —-1 —+ + +
D 3E, 12(D-1)E, 96E 1,

3. CONCLUSION

By mean of analyzing, the paper could
provides the total compensation due by elastic
deformations of the punch, sheet, and clamping
installations. In the experiment with material
such as aluminum A 1050 H14, the concrete
parameters such as D=10mm, t=3mm,

L=70mm... with the application of equation

D1, }r ot }

244,.E, | 2E,

(14) we can get the total compensation value
ys=2,73945mm. It is a too big value that shows
us the importance of springback after forming
which could interfere to the errors of
dimensions. In fact, all calculations that are
described in this paper will be used for
compensation in practice by the interfere into
the specific software Pro/Engineer in the

future.
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TINH TOAN BU TRU HIEN TUQNG CO GIAN KiCH THUGC
KHI TAO HINH TAM BANG PHUONG PHAP SPIF

Nguyén Thanh Nam", V6 Vin Cwong”, L& Khanh Pién®, Lé Vin Sy
(1) PTN Trong diém Quéc gia Diéu khién s va Ky thuat hé théng, PHQG-HCM
(2) Truong Pai hoc Bach Khoa, PHQG-HCM
(3) Pai hoc Padova, Y

TOM TAT: Vin dé bi trir sai s6 kich thwdc thanh phdam gdy ra do hién twong co gidn
(Springback) sau khi tao hinh tam kim loai bdng phuong phdp SPIF (Single Point Incremental
Forming) hién dang la mét trong nhitng théch thirc ma cdc nha nghién ciru cong nghé SPIF trén thé
gidi dang quan tam va tim cdch gidi quyét [1]. Bai bdo ndy chi la mot @é nghi nhé dya trén phan tich
gidi tich vi mé mé hinh gia céng bién dang déo tam bang phirong phép SPIF dé dwa ra hwong bii dao
hop Iy ma cdc nghién ciru hién nay chua quan tém dén:

- Xem phéi tam chiu bién dang dan déo con chay c¢é dau hinh cau c6 bién dang dan héi nhdam b

trir cho bién dang dan hoi cia chay.

- Tdm duwoc kep chdt voi lién két ngam cé do vong tai noi chay ép tao hinh ciing dirge tinh todn
dé dwa vao hrong bir triv dong thoi bai viét ciing tinh todn gidi han luc tao hinh do cdc thong s6 gia
cong sao cho ving hin ciia tdm con nam trong gidi han dan hoi va phuc hoi tré lai sau khi thio lyc
nham triét tiéu sai s6 hinh dang phu do hién twong déo khéng mong muon.

Véi 2 déng gép nhé bé nhung méi mé trén, bdi todn Iy thuyét déo trong tao hinh tdm duoc tién
gan hon nita véi mé hinh thit ciia mét cong nghé gia cong tam hién con rit méi tai nieée ta.

Tir khéa: phicong phdp SPIF | tao hinh tam

Conference on Computational Plasticity,
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