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Refining Theories

Introduction to refining theories

Refining theory is a mathematical way to describe refining action.

« The first to introduce refining theory was Jagenberg in 1887.
This consists term such as beating area and beating force,
which are still used as a basis.

« The common feature of theories is that the total refining power
is divided into two components, net and no-load power.
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Refining Power limits

47 (1) ASZ B (Hd) rpm Maxhp  N.L. hp

12 10-50 1800 175 65
20 20-100 900 300 75
26 40-200 720 500 130
34 75-450 600 1000 210
42 150-1000 514 2200 300
52 375-1500 450 3500 500
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Refining Power distribution

I(W‘k JP

4 Refiner load Nr - Refiner load Nt

Effective refining
power Ne

| No load power for stock circulation |
_|| Noload power for water circulation
ol No load power for empty machine |

No load power Nu

Amount of refining

.
tlh =m*h x C (%) / kw
—

Ne (kW) = Nt (kW) - Nu (KW)
SRE (kWhit)=——— —— °

m (th)

f SRE = specific refining energy, SRE, in net kWh/t.
. _ N _ Ne L .3 s =
| Efficiency = NT O Ne + Na %(SRE kWht) Pe/M
-}iﬁ"#!ﬁ 4 (Pe > kW - effective refining power)
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. Amount of refinin
Specific edge load theory g
L 21w 2
Lok § RS SRE (kWh/t) = IN (km/kg) x IE (Ws/m)
The amount of refining is the number of
+ The amount of refining is described with the specific ’Ef":'"ﬂi "‘;'f;"‘_s ’"”“;F’“ﬁd by ;he e';'e’lg{ 4
i : content of the impacts. It can be calculate
refining energy, SRE, in net kWhit. also in the conventional manner.
* The intensity of the refining is described with the
refining impacts in J/m or Ws/m. « SRE = specific refining energy, SRE, in net kWhit.
* IN = Number of refining impacts =4 ¢rigc p
* |[E = Energy of refining impacts ¥ ¢- tiedf ¢ £
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Amount of refining Amount of refining
Number of refining impacts 4 4 n Energy of refining impacts
IN (k) = Ls (km/s) = CI (km/r) x n (r/s) Ne (kW) = Nt (kW) - Ni (kW)
Qs IE (Ws/m)=—MM
m (kg/s) (Ws/m)
Ls (km/s) = Cl (km) x n (r/s)
This describes how many impacts the fibers
receive in the refiner. It does not take into
account the refiner load. This describes the amount of energy the fibers receive in the refiner.
%7 %5i& & (Ls » kmls) - . .
3 . This is the same value as the conventional specific edge load value
= £ s 7 * 3 s
7 #75 B (CEL » kmirev)x 7 % #%&:# (N » rev/s) Welm = Jim).
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Specific edge load theory

- Pun —load

I
SEL, J/m = —°%
CEL xn

The nature of refining is evaluated by the specific edge load, SEL, which
describes the intensity of the refining impacts in J/m or Ws/m.

SRE. kWh/t = le[al 7Pm—load
Production

SEL is the energy applied to fibres from the rotor edge to the stator edge
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(cutting edge length » CEL > km/rev]
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o Mt &ifﬁ” (SRE » kWh/t) = Pe / M
e i8¢ j=(SEL J/m or Ws/m) = Pe / Ls
— # ¢ 2#4 (Pe kW effective refining power)
- = 3#&4 Pt kD - &7 84 (Pn: kD
- A32E (M kg/s > fiber mass flow)
- = g L/min) x kA%
« ¥ B (Ls- kn/s -’ cutting speed of bars)
=IrxZstx 1l xn
. = CELxn
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*» ¥7 & & (CEL » km/rev)
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ehd: 7§ ¢hh A (common contact length of opposite bars)

o ¥E R(CEL » kmirev) = Zrx Zstx|
B Zr = g E- B Hikp (1rev)
Zst = W& Eeh i (1rev)
I'= 7 % %£ R (km)
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%7 & (Ls » km/s)

8538 B (kmis) 2. 5

B #1# 7 % tr 85 & R (cutting edge length » CEL -
kmirev)sk 12 7 4z e i (N » revis) o

*» %73# A& (Ls » kmls)
=7 #7& R (CEL » km/rev) x 7 4 #&:& (N » rev/s)
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¥ & B (CEL » km/rev)
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1 3% g <E & (common contact length of opposite bars)

*7 @& A (CEL » kmirev) = Zrx Zstx|
HA Zr = iz - Blen7 $iicp (1rev)
Zst = F w Az - B P (1rev)
I =7 #% »c£ A& (km)
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A 2 )iﬁ—r:;_l._g

% — F  CEL=84x84x200x109=1.4112 kmirev

~ ¥ CEL=36x36x100x 10¢=0.1296 km/rev
- CEL = 1.4112 + 0.1296 = 1.5408 km/rev
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BA=184

g AE
128 {125 7 42 (360/30) 7 fe = »
z 13315mm7 # ~ = 19210
mm” # % = $3105mm7 #
7 ¥ 5 MiAL & B (cosB =100
/105)

e H- Fed ~1M105mm7 e
F 0 % - F A 2 $3105mm
PHEA s HZ R e
105mm7 45 %= o
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% - %CEL=96x96x105x 10 i

=0.9677 kmirev Heles

% - %CEL=72x72x105x 10
=0.5443 km/rev

% = %CEL=48x48x105x 10
=0.2419 km/rev

&3

CEL=0.9677 +0.5443 + 0.2419 =1.754

km/rev

- N

B Erierkaz § 5100 t/d - e 4 (Pe)d 360 kW -
&3¢ (N) % 600 rpm > > # & & (CEL) % 20 km/rev > 33+ ¥
W Rss 4 (SRE)  » 3§ SEL) »

- i?ii’” (SRE » kWh/t) = Pe / M

— i@ g &#(SEL J/m or Ws/m) = Pe / Ls

+ 87k & (Ls > kn/s)
. = < #& R (CEL > kn/rev) x 7 %#&# (N> rev/s)

SRE =Pe / M =360/ (100 / 24) = 86.4 kWh/t
SEL =Pe / Ls =360 / (20 x 600 / 60) = 1.8 Ws/m
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£ i (SSL)®= 3%
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SEL&SSL

BL Pine sulphate
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The specific surface load theory is valid when the fiber floc cover the
whole width of bar surface

Specific surface load theory
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the intensity of the refining impacts

The nature of refining is evaluated by the specific surface load,
SEL, which describes the intensity of the refining impacts in J/m2or
Ws/m2,

SSL is the energy applied to fibers from the rotor surface to the
stator surface
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SSL, Jm * = e
1L
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Impact length Calculation

Refining intensity

Wrotor (mm) + Wstator (mm) 1
L (mm)=—o——x

2 cos /2

Stator width

Impact Length

Rotor width

Impact length Calculation
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- WRER(LE Bz LR EIT M
 WEEAR(IL m)

[3E 4 7 5 (Wr> m) x 2% 7 % (Wst » m)]/2x 1/cos(a/2)

Wr + Wst . 1
T cosan
IL = dask i
Wr=stgn#sia
Wst = @& 87 & #0 R
A= XL WA R
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Wi f i (SEL)E % 1t 6 f 7 (SSL) &

Valmet Conflo2 %]

v f G (SEL)E 2 b & f & (SSL) i
Voith Sulzer DDR?|

7 SRR AR A P £ E AR WA
ﬁﬁﬁi&&(%) 3.5-4.5 4.0-6.0 kR () 3.5-45 4.0-6.0
- 250-1000 150-500 g F 500 <500
(SSL » J/m2) (SSL » J/m2)
wil g E 0.9-6.0 0.3-1.5 Wi 1.5-4.0 <1.0
(SEL » J/m) (SEL » J/m)
7 ¥ % (mm) 3.5-5.5 2.0-3.0 7 & % (um) 3.0 2.0
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v iB g = (SEL)E % v 5 f f=(SSL) & ¥ 48 5F_E_ A # g F(SEL)E
*E S AR BE#A LN w i § F(s/n)
A e
LE2 A 3.5-4.5 4.0-6.0 pEgay 5.0 - 9.0
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(SSL > J/m2) 46#:1'1% 0.5-1.7
oF 392 0.9-6.0 0.3-1.5
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1 3§32 % (Inch contact theory) 2
BRP GHEFAET

O #3) =} #8324 (Inch contact theory){:}p-» - A4 it il eh
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4, *1#& 2% (Inch contact theory) 2 Q‘#{# 4
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& £ (hpd/t) 1.3 1.3
IC/min x 10° 95 280

- 21 27
wHE R 101 112
3£ A () 4.6 5.1

14 + 30 mesh (%) 32.9 36.5

i1, 20" % £ > 1000 rpm
2. B2 AR 400 uL CSF
AP RG B AL AL © 57 4
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#&:i¢ rpm
600 730 1000
# % £ (hpd/t) 6.4 6.9 8.9
IC/min x 10° 1 52 93
-2 J0 10 48 56
LY 184 196 210
e £ A (km) 4.6 5.1

14 + 30 mesh (%) 54.8 69.0 T72.7
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