375. ANALYSISOF A MODEL OF THE ADHESIVE LAYER
BETWEEN TWO SHEETS OF PAPER

G. Petriaszwili, J. Pyrjew

Warsaw University of Technology,

Department of Production Engineering, Institutédhting,
Konwiktorska st. 2, 00-217, Warsaw, Poland

E-mail: j.petriaszwili@wip.pw.edu.pl

(Received 2 June 2008, accepted 29 August 2008)

Abstract. There are cases of endurable books productioperParoposes an improved mathematical model for
calculating the stresses in the adhesive spine thyréng the opening of the book.
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Introduction made: paper is a non-flexible material; adhesiveais
homogeneous, isotropic, elastic material with the
Nowadays, the bookbinding with adhesiv@eifect following properties: E — Young’s modulus; Poisson
Binding) is the widest practiced bookbinding technologyratio. This model is valid only for small defornais.
in printing industry. Usage of different types afhasives
and paper poses for bookbinders many problems. i$his
the reason that there are cases of endurable books
production, called by the readers, as ,disposable”.
Formulating of a mathematical model and a numerical
algorithm of the stresses within the adhesive layer
emerging in the spine of books is therefore crucial
Earlier research enabled development of the
mathematical model and the analytical evaluatiothef
stresses [1], but the complexity of the adhesiwera l* ———————
phenomena requires more in-depth and coherent §—‘
approach with more determinants taken into account.
This paper proposes an improved mathematical nfodel
calculating the stresses in the adhesive layeesgpiming

Fig. 1. The structure of the adhesive binding of the papeets:
d — thickness of the paper shekt: thickness of the

the opening of the book. adhesive layer in the book spirser- distance between
paper sheetd) —thickness of the adhesive layer in the
Background binding area of the paper sheet
During the use of the book, adhesive layer is v 0 0o

\

i i
strained, which results in the form of internaksses of il 1/

the layer. Opening of the book is the main reasortHe y

increase of internal stresses. Excessive stresaes c / a
aggravate contact between paper and adhesive laye

which leads to the damage of a book.

The structure of the adhesive binding of papertshee Ay
in the adhesive layer is presented on Figure 1s paper L,
analyses the phenomena associated with the adhesiy ) X ) 2h
layer between two sheets of a book (Figure 2). Vile w 2 4 * { # ¢ { *’ Z
mainly focus on evaluating the stresses occurrimgnd BREE A A4 -

the use of the book, more specifically when thekbiso 2T kw(®

opened to the angledg The following assumptions were
P glehe 9 P Fig. 2. An adhesive layer model between two sheets of paper
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The differential equation of adhesive layer ontitasase

-1 i - o (8)
as a deflection of elongated, rectangular pbar(ex) (i.e. Vo9 = 20, (coshx)sin@x) + sinhx) cosex))

4
arching) [2],dTW£X)+4a4w(x):O, and formulas

W,(%) = 2 sinh@x)sin(ax) ©)
descri-bing the deflection of elastic plate canviydten 20
as follows.
Deflection of adhesive layer: W, (X) = 4—13(cosh(xx)sin(ocx) —sinh@x)cos@x)): (10)
(04
w00 = 0wy w9 +WMa(0 | D After introducing the dimensi inate:
Z(aa) 3 15Ms After introducing the dimensionless coordinate:

=X [i@éj the dimensionless parameter of adhesive
a 2 2

Opening angl® defined as follow: layer A can be written as:

dw(x) 0 a a - (2
0=~ = " Zrom) [4a4\N3(5)W4(x) +W1(5)w2(x)) A %a _ 24/3](?2_6;) _ (11)

Bending moment:
Instead of equations (7)-(10) the following equasiare

M. (X)= D dZv:gx) _ —D%(m“ws(%)ws(x) +W1(%)W1(><)j' (3) Obtained:
W, (&) = coshRAE) cosRAE) , (12)
Stresses:
W, (£) = COShRAE) SiN(2AE) + Sinh(2AE) cosRAE) » (13)
7,0 =52 =M, (%) _ _
2h*/3 W (&) = sinh(2AE) sin(2AE) . (14)

The maximum deflection of adhesive layer: W, (£) = CoShQAE) Sin(2AE) — sinh(2AZ) cos@AE) . (15)

20, sin(%a)sinh(%a) Deflection of adhesive layer in this case:

— _w(0) = 20 (4)
W =W == o) + sinh(a) oall . * 16
w(2) =222 (- Wi ©) + Wi we )
The maximum bending moment: ) z
where:
42 a w; =cosh(\)cos(A) » (17)
W(E) cos@a) + cosh@ia) . (5)
Mmax:_D > =-D 0(90 - - * . . (18)
dx sin(a.a) + sinh(.a) W, = cosh{A)sin(A) +sinh(A) cos(A) »
Bending moment in the middle of the adhesive layer W = sinh(A) sin(A) » (19)
(plate):
= i —sj , 20
. . W, = cosh\)sin(A) —sinh(A\) cos(A) (20)
d2w(0) cos%) cosh%) ©)
M(©)=-D " =-D4ab, sin(ea) +Sinh(aa)' 7" = 2(W; W5 +W5W;) = Sin(2A) +sinh@A) - (21)
where: oER® - cylindrical stiffness of a plate - Figure 3 presents the influence of the dimensianles
:3(1_V2) coordinateazf and the dimensionless parameter of

a
adhesive layerA on the dimensionless deflection of

adhesive layemw(g) /(6,a) [3]-
Opening angl® of the paper page is defined as follow:

coefficient, which could be found from equation
40* =k/D, Wherek = E/I .

Specific solutions of this differential equatioreagiven
by functions:

W(X) = cosheix) cose) @ 0= =200 @ rviwe (@) P
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The formula for bending moment takes the form: It was demonstrated thadl, ., > M(0) for all values of
) the parameten\ .
d?w(&) 80,A 1 [ - . . (23)
My (8) =-D— 5 =-D———Waws () + Wy w4 ()
X 2.2 * 1
a“dg a z
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Fig. 3. The influence of the dimensionless coordingteand

ggLae?i?/f:al)}er on the dimensionless deflection of Fig. 4. The influence of the dimensionless coordingteand
parameterA on the dimensionless opening angle
The stresses in adhesive layer is calculated aitaprd
to:

This paper proposes an improved mathematical

7 _ (24) model and suggests a solution to the system oftieqga
Gx(§)=m'\ﬂx(§) Consequently, it provides the means to evaluate the

strength of spine adhesive layer in the stage afkbo

. . . . structure development.
Figure 4 presents the influence of the dimensianles

coordinate £ and dimensionless parametefon the
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The maximum bending moment is:

dzw(g)

4A0, cos@A) +coshRA) . (26)
M max =-D 2 22 -D - -
a“dg a sin(2A) +sinh(2A)
Moment in the middle of the adhesive plate is:

M__DBABO cos(A)cosh() . (27)
alds? a sin(2A) +sinh(2A)

M (0)=-D
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