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- General overview
- Specific Knowledge
- no focus in technical detail
- Focus in Core processes and mechanisms+
- fiber processing
- forming and consolidation
- structure and properties of products

Information Technology:

- language, speech

- drawings on rock walls

- clay boards

- parchment

- papyrus (first Dynasty, 3000 BC)

- four great Inventions of Ancient China:
- compass
- gunpowder
- paper— 8 BC
- printing

-> handmade paper to Europe 13'th Century (hemp and linen rags)

Gutemberg printhouse 1450
Nicholas-Luis Robert: Furdinier paper machine 1807
1830’s: Friedrich Keller

Charles Fenerty Grinding wood into pulp

Knut Fredrik idestam:
Groundwood pulp mili at Tampere 1866
-> Emakoski rapids at Nokia 1869
Nokia Aktiebolaget 1871

Porous sheet properties
Basis Weight Grammage
Porosity

Solid Fraction

Density

Fiber Coverage

Fiber Geometry (shape)

Aspect Ratio /7\“
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Fiber size
Thickness
Width
Length
Mass

Coarseness

2-d fiber network connectivity

(Basis Weight * Fiber length) / Coarseness



TRIVIA

ScALING

(- gk

A= 1A

Lo
Bonded Avea = A" foa
Free Avea = A‘_ (i~ KB/ﬁ)

Fvee /4'_5_“ _ N
L4 gh—ﬁ— Ag (-884) =

" ima 35

—

Ay v x LA

s Y g g

(Vg

= Filler capacty o ¥

m
g /ﬁ(('KM)
At
W(PKM)
3—%;:‘ (l-KM)

{

LS..K‘M)
t

mas v
1

@LA@—) "
.

raSS



Sfl'/szng;; and g‘\f@v\éﬂ,\

e Skress (‘Wef“ac)

F= k $
<O:f> = 5‘L<5{> S Pf’)plqumM}
Sfvess
‘L,{)e\f S{VQSS 0_:%/‘
= 1
Op (;(, f ic. 5
de
Fovies 1 papev tvonsim’ Hed S
&hvo««slr\ F(bev; 6=£l-: 5/»—4/;4
VK Ff = § g F%

]-:f: ?Cose F«‘ = EfZU!SQ(g}>Af_
Gy Ap =

E?EFA? = E{._X Co59<6{>44,
=6 ) ® e, Ay

E?: E;{_ 2(0519 a /—/:j;— = E{ (\—'V) 560119 W

<El-> = V cos O gf

- E} * Dimensionless
= (V.Je’ehdem" O(f Filbev $rze !

STENGTH ! C=¢E -

e e ,
G\CP: {Cf 6‘, = Dimenssonfess E‘f‘

1
FOI/(. rs . O

@
Fbev Cze —>  Bass \X/Nﬁ(,d' at (Olz-l,_j“_J'ﬂv,'f_ Elbev
,.i__.__-—-‘"_ T Cove,w\Jc
RV _ S AA | oy =
—_ —Vﬂ = —— = =
Bw A 4 Pﬂﬂ#/‘k
‘S\\U: &:Eﬂ:wzhfg{\/“zhtwfﬁf/‘}g{
A A P M S0 S S N A6
A A
c¢=Fbe (ovwc\Jg = w =C /\Ltt SVL
= C B\X/{,
'(S\)U«_ = Fiber Dasip WQ\BhJ—

C
e

_ﬂm'w\c\ ( Sea (l'ha

§=j”§

TW_'V\“C\\ S(“("V‘j i(} F'hev Basrs \\qushd"

Bw&‘ = ﬁr“ Kw(r

T
Whad 1€ SCnlv\,\\S 4;(/10»\%& .



7

A

30

21 [ﬁl) = B

A\

° Add wef (!OV'OM,.S

(&)
O&J’QVV"‘"\"“ Hown 0.(} FSP ‘

Solule  Erclusio n Tedﬂw;zwc

'H"‘/"V‘Sl"

o]

o} o lc cu ch,

~ -
COp—‘({V] J‘V(\J"!O!r'\ C, - v

VVoL(o\(C A S°("‘ Hon

f

S bS ‘L’)h (—(,
_ V"’Tt_

D, colvds Cb = 7

mass
2

‘n velahon to volumc 0,/' wa ke v

o)d.. J/Le WA j{,\/ COW‘!IM% WI’J'L' J/L“—

fome
Sabshance §ilates the  sola Frovy
COV)C_eh J’V!\ &‘\'O v l?ccowej
.= =
> \)3
-
\Wlflq(‘— ‘K o W V}
4cce$sf13/€ b e

TLmQL %S wa dev Vo[vtw‘e

mole cales . U, ¢V, = \/} Ve
! lv\:\(,.(,CSSt’HC Waf&k/ Vofvn/v\{';.
M,

3

— 8 Wi /| A
T oowl T
MG 3 1

[maccessi'ble # wolecales

M,

po— ]

-
L
(

\}\ d—\lL ‘V} =

) m,

Q = a8 r\,«p" W a l-—C\/ l’\/\ ﬂOVU

@

\W\/\\‘u\r\ oJ(L\ew Way s do we L\z\ve 400\/

Aek'w\\'mné Celf

Lot us discass

‘M\Lew\n( Enevcj v

U = TS ——‘)V &'/4N
Heal Wov' i Chen f"‘L'
Enthalpy

H=U tpy sTS #pmN

Q'(H)'S Fune Bron
0= U-Ts rpV=pN

wa ll POV())"' 4-7« Z

30me ‘IL
L.ermod\/mqw,/(, /'o /—e». thS S

dU= Td¢ ~f)av F ol

dH = TdS +Vdp +pd N

46 = ~SdT FVip ¢ pd N

?\/mse. Tan\s,’Jq‘oy\: 4(; =dT=0
) Lb\nvu@{
D QM= Tas o of Het
™~ . ‘\\
ot B () = 6 (T e
AQL-AQ' = Q0 AQ, :*SIdT ‘!’V'dP
(W | A6, = S, dT +Vedp
| 1' )
‘ 4 - (5,_— ¢ )d T +(V,~v,)dp =0 /
iT 5
&
I dy = A4S _ aH oo
o AT AV Tav Sgeas =

(/flJ)C‘yvoh (’5’%



S(/\\f‘éntt (SV\CY37 \( /4
LW d(yA) 4 gt PR
. &= = 7 PR N v
S dr d -
S{—VQS_S duC \Lo Swalqce, "’ensmh
E_smx _ ox
A YTy v

BC‘\‘C\V\(Q Oql F‘OVWS

VA'V\ 17/'{“/1 = Pow(' WTFVL + ST/—kY

= R = oé:f L i3} e
AP 2 Pout - place («?-
Molay  97bbs Funchon
c. .
G,z o = M

lem"‘%dT* V?dr +%-JN
- ‘SMAT"VMJF J'/ﬂ,,. dN

Capulibvivm of l"’;Lw'J w. Meal pos

at 417= 4N =0 ( )
- = Vg d <V-’°O) ¢d A‘?
\)M() g = Vong 81 A Lot £as VVM:KT
AT dpy = Vig dpo ¥ Ve dop
f
RT Ly = Vg o #Vmt 2P FC

Y
s Ve o PV 5 FC

\}w Vim Y
o Ml Ve s Y
P@ = £ 'S s
A [V - ® =D
= 1y .
Vot LY e > b, pp [
= fob € Aﬂﬁ; ¢
- e oA KEiN e
SCA‘” (’a (Vzvs) = {)S
o . _txyn
! - - K RTS
“75 - Fwe’ 5 0T % —-> (f5 e, s

T\/\QVW\‘\\ TV(MS'!J—‘FO'K\ﬁ Heat
"
Hm"'(c\imuif/ %Lgl'\- Q' /

Frest-ovde, Trans v iy
Second - orde, Tvan )f/‘:“oh

H«‘!{‘H‘"é Temiveméwnt S/‘cc}mm
(,(AV\)M)~ ({qrtyyo “

IR

AT TV

do = At

0= vl
\’*’*—"fé‘f«ﬂﬁ@ |
. oy - Vnu}
= ¢, €8 =

-~

T Temlrm L“,,’




He(‘l’u'vxo T‘e'MfC\m have sf’c(, Frin an

Cog/gr;"ev\ ce o% SO/I(J and Ll’?’(/ll'c,

Chevara | /pol‘equ( po= % ymug B b('eq_‘ﬂd”
d{qr’ - C’f’lﬂ
d¢* =dg°

'SSJT+V‘dP‘ = —S£JT+\/£J|94
(7] 4T = Vidps =V

~A5dT = VSJQP&AF)-\/CJ‘?c
_ AHT -
= }"‘V7d'f V7 p) DH = T4s
NS =
=V dfp) T
47 _-V¢ /
— = — d (s
T 4 7) /5
5 s
PO A SV 5
an °F Y
:_V; (A o
i v T
T - z l - ~\/SZ,\\ -
jo L T(, ZV- T, - M —;—' Q{\’)\”S _Thomson Ci
A
T T bk

HO\\}./ Do we wmrtasuwg

dQ
Ja. - “Vak
a T &Tﬁl)f
H—ow éo wWe Measurl
&T' -(o,\)i—qni"
M’

%}sﬂ

@

Head Cﬂrfnu"’«/ L

(,n J‘?nf Hln“?’

AH

2

T T

‘ A
—

hel Hné fanse o

HO\“ CIO We wmiasyvL [-aJ’(nf [d?aJ’ 0/ he{/_,ha

at a ﬁ’n/ J‘f(m‘n\/

N

T

I

TMI
J

I_

AR =

oM (1) = 6a(n.)

My (T.) =

>
A

d &
W)c AT

b H(T.)
Cw

TQ‘W»,QQW! huve KQMJ{ T
@A I

AQ

+ oK

~ LK (rw
333 5/6

,_\f

D

f

i



Pulp  Beading
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