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Abstract. The metric description of a structure consisting in an expanded metal plaque is given in
the case of a standard expanding process by triangular knives.

1. Introduction and preliminary results

The domain of Expanded Metal is the most versatile one for more companies
producing or using it. As consequence, many optimisation problems should be solved in
connection with the manufacture and the use of this material. The metric properties of the
structures made out of expanded metal are needed in this context. In this paper we deal
with expanded metal plane standard structures, as in figure 1, studying them from metric
point of view. They consist in a series of neighbouring cells, having their frontier made out
of two types of surfaces: plane surfaces and conic surfaces of parabolic directory curve.
We use the example illustrated in fgure 1, which is obtained by a standard expanding
process using triangular knives.

Fig. 1. Plane structure of expanded metal

The metric properties of this structure, which are studied, are: the area of the metal
frontier of each cell, the area of the interior hole of each cell, the ratio between the initial
surface of the material and the resulted expanded metal.

The other types of expanded metal are easy to study in an analogous manner.

In what follows, we use the following notations: hy = the step on Ox axis, hy = the
step on Oy, h, = the step on Oz and q = the semi-distance between the cells, along the
directions parallel to the x - axis. The elements hy, hy and q are positive real numbers, while
h, is a negative real number, with respect to the three dimensional coordinates system, as
in figure 2. The physical significance of these numbers is:
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hx = the length of a cut plus the length of a bridge between two neighbouring cuts;
hy = the distance between two rows of successive cuts;

; = the vertical distance of penetration of the knife during two successive cuts.
g = half of the distance between two successive cuts, located on the same cuts row.
The graphical representation of the plane plaque submitted to expanding is in figure 2.

Fig. 2 The plane plague submitted to the expanding process

In the following, we take into account only one cell resulted after expanding the
plaque in figure 2, which results after cutting the straight line segment having the
coordinates ((j-1)hy, (k+1)hy) and (jhy, (k+1)hy) in the plane z = 0. Figure 3 depicts this cell.

— (k+Dhy
____________________ (k+2)hy

Fig. 3. The expanded metal cell
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h,

Consider that, after cutting, the point of x - coordinate X = jh, - > from the row

h
having the ordinate y = khy, has vertically moved with U = 72 units, such as the cut on the

h,

. h
line y = (k+1)h, will result in the descent of the point X = jh, - > with h,- u =72 more
units.

The cell, which results after expanding, depicted in figure 3, is limited by four
planes, denoted by P; = (ABC), P, = (CDE), P3 = (DFG) and P4 = (GHK). Their equations
and their directions are derived in the following property from [2].

Property 1.1. The equations of the plane surfaces containing the frontier of the
expanded metal cell in figure 3 are:

h,h hq e ho -1-2k 2j+k-1
Py): - —Lxx+—22xy+h, Cf- XIxz+ h,h,q+—=———=hhh, =0,
( 1) 2 2 xy ygq Zg 2 y 73S 4 x!lytiz
hh, h.q an 0 2j-k-2 2k +3
Pa) - = Zxx- ~Ztxy+h EX - q2xz+ " S ph + S ghh, =0,
(P2) 2 2 y ygz qg 4 x'lytlz 2 qhy z
h,h h,g ah, o6 2j+k+l 2k +3
Pa): - —Lxx+—22xy- h X - gixz+Z """ "hhh, - h, =0,
( 3) 2 2 xy ygz qg 4 x!lyllz 2 qhy z
h h an 5 i- k-
2 2 &2 2
Kk
(P5)ZZ:EhZ.

The cell is also limited by a parabolic conic surface, having the vertex in A and the
directory curve the parabola ? , which have been analytically described in [2], as:

Property 1.2. The equation of the parabola having the vertex in M and containing

the points C and G is:
fpo_20k+Dh S ih +&92+5h3
20 i (29- h)?+2kh, 28 27
:
1y=(k+Dh,

Property 1.3. The conic surface having the vertex A and parabola ? as directory
curve is represented by the equation:

B koo kel h ? k., ke hd
het-ohs oh o e 2 Sh-oea- oo,
y4 X i 2 2 2
e 2 g 2"2 c 2 h-qt = e"2 a
y- kh, ga_&g +Eh§ y- Khy H 5%]_&9 Ky
& 2g 2° 6 & 25 2°
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The previous properties are the basic ones for the metric approach of the structure.

2. Metric properties of the standard expanded metal structure

The following basic formulas (see [1], [4]) will be used in order to compute the
metric elements of a cell as in figure 3.
The area of a triangle denoted by ABC is:
2 2 24
¢l/A Zp Xpn  Za Xn  Ya =

1 .
SZ(ABC)=Z§>yB Zs +Xs zg 4 +xg v 1 (1)

Ye Zc X 4L X Ye B

The area of the parabolic cone having the explicit equation z = f(x,y) is given by.

A28 ez
SIAMC)=¢n [1+c—= +¢c—= dxd 2.2
( ) xXo gﬂyfz Y 22)

The frontier of a cell is the union of four congruent bars. The area of the frontier of a
cellis:

Acell) = 4[S(ABC) + 2S(AXM ) + S(AMC)). (2.3)

Here, the expression in brackets represents the area of a bar, which is one of the sides of
the cell from figure 3. This is obtained by adding together the areas of the plane triangles
ABC, AMX and the three dimensional triangle AMC with a parabolic side, represented in
figure 4.

C X1

Fig. 4. Side of a cell

Considerk =1and j = 1, since all the cells are metrically identical, resulting:
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al, h, 6
Ag- , hy, =5
2 . 25
B, h,, h,)
Cla. 2h,, h,).
Mgﬂ, oh, 9
2 29
x@ o, o
g2 25
In this case, using (2.1), one has:
2 2 Zd
_X_q&1 hy &1 &_q hy 1 <
192 2 2 2 +
S’(ABC)==¢ 0 h, 1 +/h, h + 0 h, 1=+
4 y z y N
q h, 2h, h, 1 q 2h, 1
(%]
Therefore, the area of triangle ABC is:
S(ABC) = \/h2q2+hyh2+h h2- ghhlq+4h2q®  (24)
Similarly, the area of triangle AXM is:
h, .| |h h, |* |h 0
h = 1 |-=- = 1 |-*- h 1 ~
y h2 2h q HZ 2h q y -
SH(AXM)==g2h, -2 1 + == =2 1+ = 2h, 1_
AN
hy =+ 1 = =1 = hy 1=
2 2 2 2 p
Therefore, the area of AXM is:
S(AXM):%hyq (25)

The area of the 3D triangle having a parabolic side generated by the parabolic cone
from property 1.3 needs the explicit equation of this surface. For k =1 and j= 1, property
1.3 becomes:
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é 1 <2 u
é ex-~ho+q 2 G
é hc—=———h, .~ a
@lhz-lg -}hgh é y-h, yq_ lhhg
_y-he2® 28" 27%g° 2 V2
Z(X’ y)_ h § 1 .2 1 + 1 .2 1 + y- h L:J
V€ &-=n 2 +2n, &- =h 2 +=h, Y u
€ée 27g 2 & 2'g 2 u
é a
e v
e a
The partial derivatives of this function are:
1 0
ex- St -
2h,c - g+
g y-hy =
Yz 2 (2.6)
™ € heg 1, U |
- %2 +2h
e 2 O
1, &
h h -—h +q=+
1, 1 hXEh 2 Y Z)éj( 2" q
_hz__@__ 21tq hz_ 2
1z _2 2e 4 (y' hy)
ﬂ_: = > N . (2.7)
y ho 1, U
h, &1 - =3 o
& 28 2

Replacing (2.6) and (2.7) in (2.2) and computing the integral, one gets the area of
the conic surface AMC:

S(AMC) = %J h2q? + h2hZ + h2hZ - 8h héq +4nZq? + % hg  (8)

Yy

Thus, replacing (2.4), (2.5) and (2.8) in (2.3), one obtains the following:
Property 2.1. The area of the frontier of a cell of an expanded metal structure is:

Alcall) = 2,[2q? +h?h? +hZhZ - 8h h2q +4hZ® +6h,. (2.9)

The area of the hole of a cell equals to the double of the area of the curved triangle
MCD from figure 4. Also, it is approximated, with a negligible error, by the double of the
area of triangle CDG. Fork=1and j = 1, one has

Cla. 2h,, h,),

a, 3h29
Dé?’ 2hy, ¥
G(hx - q’ 2hy’ hz)
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The area of CDG is given by:

h h | q h F]q 2n 9
epe=1%n 3h 4+ X S g uf oo g
4 2 2 2 2 N
2h, h h-a h h-a 2h, 1=
The computation gives now:
S(CDG) = 1 h,q- lhxhz . (2.10)
2 2
Property 2.2. The area of the hole of one cell is:
A, =h,q- %hx. (2.11)

Now, it is possible to compute the total area of a structure containing n cells and p
fragments of cells in the neighbourhood of its frontier. Also, it is easy to express the
relationship between the original area of the material and the resulted area after the
expanding process.

The metric formulas derived in this paper are useful to approach various problems
of shape optimisation. Also, this description of the grid allows us to perform detailed
studies of its physical properties.
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