Use of Fan-governor for Safety and Efficiency
in Cable Logging
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Introduction

Skyline cable logging have been quickly developed in Japan during past fifteen
years. Recent statistics made by the Forestry Agency of the Ministry of Agriculture
and Forestry shows that about twenty thousands cableways and ten thousands cable-
yarders are employed for forest operations in the mountainous regions of this country.
This fact, the tremendous number of the skyline cable installations, is one of the effec-
tive results of recent development of the road systems which considerably increased the
possibilities of mechanized methods in forest exploitation.

Today, cableway and cable-crane transport of timbers from forests to truck-roads,
mostly by downhill yarding, are very popular methods of hauling operation, especially
in steep mountains?. These operations are performed by licensed engineers and well
trained forest workers. By this general tendency, however, many loggers are exerting
to try these operations under more and more difficult terrain conditions, with heavier
loads and higher speed. But, usual machines and equipments of the conventional types
are obviously insufficient to meet these new requirements. New problem has been arisen,
how to maintain safety and efficiency of cable logging under such severe conditions.

As the results of observations and inspections of many existing installations and
operations, as well as of analysis of accidents, it was found that the most important
problem is lack of sufficient braking capacity of the machine. There observed severe
overheat of brake-drum and rapid wear and slip of brake-lining in the case of ordinary
brake system, such as band-brake or centrifugal brake. Damages oi other parts of
machine and of wirerope are also caused by this overheat. Some improvements to avoid
this defect of the traditional brake system were attempted in the past”?. For instance,
use of water-cooling system, forced air-cooling system, double brake system, etc. But,
all these were practiced with little success.

The only way to solve the problem is to establish a new brake system, which should
be of non-overheat, simple and light construction, easy operation and low cost. For this
purpose, the author considered that application of “fan-governor” might be most reason-
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able, and his experimental studies started in 1955. Since then the research works were
carried out by the staffs of the Institute of Forest Utilization, colaborated by the staffs
of the Institute of Aerodynamics, Tokyo University. Also several machine-makers played
their roles in the field of trial manufacture of the new machines. Some remarkable
results were obtained by our experimental studies. Such results of various experiments
were theoretically analysed. And finally we could develope a new brake system for
cableways and cable-cranes. In this new system, the fan-governor ocupies the place of
supplementary brake which is applicable for any kind of cable mashine. Today, some
models of the new machines of this kind are available, and already successfully practised
by progressive loggers. But, it is not so easy in each individual logging place to select
a most adequate machine and to find out most suitable method and organization of
operation. Therefore, sufficient knowledge about the new system is indispensable.

The author’s aim of this article is to instruct forestengineers and logging operators
by giving them fundamental knowledge about the fan-governor for the final purpose of
maintaining perfect safety and highest efficiency in cable logging.

Chapter I. Merits of Fan-governor

A fan-governor is a rotary fan, which has more than two wings, and this fan is
rotated by the pulling force of traction-cable of the cableway, or by that of operating
cable (outhaul line or lifting line) of the cable-crane, providing that a transmission system
is set between sheave-axle (or drum-axle) and fan-axle. When a loaded carriage is running
downhill on the skyline by gravity, the traction-cable, or the operating cable, which is
fastened to the carriage, is also running at the same speed. In the case of the lifting
line in the Tyler system, rope speed corresponds to the falling down speed of the load
hooked on the loading block. When the brake of the cable-sheave, or that of the
cable-drum of the yarder, is released, the sheave, or the drum, must be rotated by the
pulling force of the cable at a certain speed corresponding to the rope-speed. In order
to control rope-speed, usually we have to operate the main brake attached to the sheave
or the drum. If rotation of sheave- or drum-axle is transmited to fan-axle, and at the

SPEED

1(')0 1;0 260 250 ALec
RUNNING TIME
Fig. 1. Comparison of Running Speed of the Carriage by Downhill Gravity Yarding in
the Tyler-system Skyline Logging.
® Without fan-governor; Speed controlled by bandbrake only. (Carriage-load: 759 kg)
@ With fan-governor; Speed controlled automatically by fan-governor. Band brake
was operated only at the short time of starting and stopping. (Cairiage-load: 1076 kg)
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(1) “Morito” fan-governor, installed
for a logging cableway of me-
dium size.

(2) “Nansei RK-62" fan-governor,
attached to a “Nansei PK-62”
cable yarder for heavier duty.

@ “Owase L-III" fan-governor,
installed for a skyline crane.

same time, if any speed increasing mechanism is inserted between both axles, the fan
may rotate at highspeed. In this case, wings of the fan are forced to face against a
certain amount of air pressure. Actually, this resisting force of air is effectively utilized
for braking force. Thus, rope-speed could be automatically controlled and braking
capacity of machine could be considerably increased. When a fan-governor is most
adequately designed, even it is possible to maintain an automationed operation except at
the time of starting and stopping.

Fig. 1. shows a typical example of the result of comparative experiment with and
without a fan-governor.
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It is obvious in this figure that running speed is kept approximately constant in the
case of @, while it deviates irregularly in the case of @, and time needed for one trip
transportation, i.e. from start to complete stop, is much shorter in @ than in @.

As a whole, we can state the merits of fan-governor:

a) Increasing safety.

b) Increasing timber hauling efficiency.

c) Increasing life of machine and wirerope.

d) Reducing hard labour and eliminating difficult technique of machine operators.

e) Decreasing hauling cost.

Some typical fan-governors in working conditions at logging sites are shown in the
-pictures,

Chapter II. Theoretical Principle of Fan-governor

As shown in Fig. 2., a cable sheave (a) is connected to a fan (b). Rotation of the
sheave and the fan is caused by the pulling effort of the traction-cable. Assume that
the sheave is rotating at a certain velocity corresponding to the rope-speed v (m/sec),
and the driving force on the circumference of the sheave is F (kg), then the driving
effort (kg. m/sec):

E=F.v

E ﬁ;-m/ﬁec

] @
’ @

v-m/sec

1

]

1

1

i

I
iy
Fig. 3.

Therefore, E is proportional to ». This relation is shown by a straightline @ in Fig. 3.

On the other hand, the amount of air resistance against the wings of the fan is
approximately proportional to the square of revolution of the fan-axle, and a certain
braking effort E (kg. m/sec) is caused by this resistance. Since there is a fixed relation
between rope-speed and revolution per unit time of the fan-axle according to the given
transmission mechanism, E is approximately proportional to »%. This relation is shown
by a curve @ in Fig. 3. There is a breakeven point of @ and @ corresponding to a
certain rope-speed v;. If it is assumed that the tractive force of the traction-cable is
constant, and the movement of the cable begins from v»=0, the value of the driving
effort @ is higher than the braking effort @ until the rope-speed reaches to v=v,.
The rope-speed can be no more accelerated, but kept constant at v, because there is
no surplus driving power when the rope-speed reaches to »,. In other words, the rope-
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speed has its upper limit when the sheave is restrained by a fan-governor. This means
that the running speed of the carriage has also its upper limit, because the rope is fixed
to the carriage. Actually, as soon as the carriage leaves the loading point, it accelerates
very quickly and then it keeps its limited maximum speed. Thus the carriage can
travel along the skyline with approximately constant speed until it is braked by the
traction-cable at the unloading point.

Chapter III. Different Types of Fan-governors

There are several types of fan-governors which are available and already practically
used for cable logging. From the view point of mechanism of the machine, we can
classify them in following four types
(Fig 4. A, B, C, D):

Chapter IV. Method of Calculation

1. General Procedure.

Principal function of fan-governor is
to keep automatically the most adequate
speed of running carriage(s) when the
main brake of the machine is released.
Therefore, to find out this probable run-
ning speed of carriage(s), which could

C be assumed to be equal to rope-speed,
d is the aim of calculation. For this pur-
p
2 c — . pose, the general procedure of calcula-
-~ =f 5 | tion is to solve the following equation,
'—_r: ' which represents the general condition
o 1 ' for existence of balanced relation bet-
D ween driving power and braking power.
d If we denote,
o | 4__3.3,6—‘_—1:, @,: Driving torque (kg.m) of the
= A==g T} sheave-axle.
a ..
! 5! Q: Resisting torque (kg.m) of the
Fig. 4.
fan-axle.
A, B for cableway. . A
a: Traction-cable a: Speed ratio of rotation (fan-axle:
b: Cable sheave sheave-axle), a certain definite
<Ci: gransmi“i(’n mechanism value for the given machine.
: an . .
C for crane. Fan is attached to the cable yarder. 7: Mechanical efficiency of trans-
D for crane. Independent fan-governor unit. mission system, which may be esti-
a: Ha?ulout cable or lifting cable. mated at the value of 0.75~0.90
b : Winchdrum or independent sheave(s) . .
¢ : Transmission mechanism according to the applied mechan-
d: Fan ism of transmission system.
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DeQu=-GQ e oy
where #=0.75~0.90

To solve this equation, at first @, and @ should be investigated independently.
2. Calculation of driving torque @,.2*¢

(1) Cableway with endless traction-cable—Driving Torque of Sheave-axle.
Fig. 5. shows the main sheave of a cableway. The sheave is driven by the traction-
cable and rotating counter-clockwise when the main brake of the sheave is released.
In this case,
T,: Tractive force of traction-cable, which is pulled by loaded carriage(s) (kg).
T,: Tractive force of traction-cable, which is pulled by the empty carriage(s) (kg).
G: Tensioning force applied at sheave-axle (kg).
R: Friction of sheave axle (kg).
11 Frictional coefficient of axle bearing.
7,: Radius of sheave (m).
7,: Radius of sheave-axle (m).
Then, the driving force F (kg) is given by

F=(T1—T2)——:—2R .......................................... ©)

where, R=uG

The second term in eq. (2) is small enough and practically negligible when it is compared
with the first term. Therefore, approximately,

e A 3)
Hence, the driving torque:
Q=7 F=py(T1—T,) rereererrreemieeiniiiiesiiiiiiiieens 4)
F In this equation, the tractive force in kg is
T given by
n Tl_TZ:(T_TR)—(T/+TR/) """ ®)
g G where,

k T: Rope-pull due to loaded carriage(s)

T R ().
Fig. 5. T’: Dope-pull due to empty carriage(s)

(kg).

Tr: Running resistance of loaded carriage(s) (kg), including that of running rope
on the coresponding side.
Tz': Running resistance of empty carriage(s) (kg), including that of running rope
on the coresponding side.
It is evident that the predominant factor in eq. (5) is 7. Approximate average values
for T° and 7’ could be calculated by the following formulae.
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(Fig 6).
T=P(, sin atiysina+---)=P3i-sina } ........................ 6)
T/=P’/(i,-sin a;+1,-sina,+---)=P’ > -sina
in which,
P: Weight of each loaded carriage (kg).
P’. Weight of each empty carriage (kg).
ay, ay-++: Inclination in degree of the span, on which carriage(s) is (are) situated.

i1, 5+ --: Number of carriage(s) on the corresponding span.

S Paind = 2Pdindl;+ Pain &z + Painds
Fig. 6.

For the calculation of more accurate values of 7 and 7,, the author recomends the
use of the “Method of Influenceline”®*.

Tz and T’ are the resistances caused by all moving parts of the cable system,
which could be calculated by the formulae,

Tr=fZP+W) }
Ty =fZP+W)
where,
f: Coefficent of running resistance.
S2P: Total weight of the loaded carriage(s) (kg).
3 P’: Total weight of the empty carriage(s) (kg).
W: Weight of the traction-cable on each side (kg).
The value of the coefficient f in the above formulae is estimated at 0.04~0.05, in
extreme cases f=0.02 to f=0.08 or more.

F
(2) Cable-crane—Driving Torque of the Drum-axle of T

Cableyarder.
As shown in Fig. 7., consider that the main brake of ﬂ

the drum is released, and if we denote
T,: Pull of the operating line (kg).
G: Weight of the drum (kg), including weight of the
wirerope reeled in. G
R: Friction of the drum axle (kg). Fig. 7.
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¢ Frictional coefficient of the axle bearing.

71: Radius of drum, which is variable according to the amount of reeled—in wire-
rope (m).

7.: Radius of drum axle (m).

F: Driving force at the external surface of the drum (kg).

then,

F=T,—D2R e, @)

8]

where R=p /T21G?

%R in eq. (8) is practically negligible when compared with T,.
1

Hence,
F=T, i 9)
Therefore, the driving torque:
Q=r,T;  -oorvreeeerrmreeeeei (10)
And,
Ti=T —(f P4 fIW’) oreeeiiiiiiiiiiiiiiiieeeiii, 11)
in which

T': Pulling force of the operating line due to the gravity component of the loaded
carriage (kg).

P: Weight of the loaded carriage (kg).

S Coefficient for the running resistance of the carriage. (f=0.03~0.05)

W’: Weight of the operating cable between the end block and the drum (kg).

f’: Coefficient for the moving resistance of the cable (=0.05~0.1)

The value of T in eq. (11) is variable according to the situation of the carriage. When
the carriage, running on the skyline, is at the middle of the span, T takes its average
value, while value of 7" is maximum or minimum when the carriage is at the upper or
lower end of the span respectively. These, different values of 7" are calculated by the
following formulae (Fig. 8).

(a) Carriage is at the upper end.

Tinax=Psin orax=Psin {tan! [tan a+4s (1+20)]}  -oevvveereeeenen (12a)
(b) Carriage is at the middle point of the span.
T oo =PSIN @=PSIN @ +eerveerveeeiieaiiniiiiiiiinna (12b)
(c) Carriage is at the lower end.

T min=Psing,.=Psin {tan! [tan a—4s (1+2n)]}  --ooeeverrmveinnnn (12¢)
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(d) Carriage is at any point.

— Peino—Psinftan- tan a— _opy  1H6mEn) k—k) W
T =Psin p=Psin{tan [ tan a—4s (1+21) 1—2K) 150010 (k—kz)]2/3]} (12d)

Ann A/t
#ﬁl‘ = ‘/4
K %
P y;
z “
#-2/4 P 4
v
HEMLR P ’
G e lan P mass land + 44 (14 2n)
% =08 , ﬁny‘-: lan &
fxo

Lan pmin = land - 4.4 (1+2n)

Fig. 8.

In these formulae (See Fig. 8),
¢: Inclination in degree of the locus curve of the running carriage (°).
a: Inclination in degree of the span (°).
s: Central sag-span ratio of the skyline cable.

Weight of carriage load
Weight of skyline cable

k: Distance indicator for the situation of the carriage (0~1.0).

n: Load ratio P/W =

(3) Cable-crane—Driving Torque of the Sheave-axle of the Independent Governor unit.
As shown in Fig. 9.,

T,: Pull of the operating line (reel-out side) (kg).

T,: Pull of the operating line (reel-in side) (kg).

7,: Radius of the sheave (m).



then,
F=T,—T, oo (13)
Hence, the driving torque
Qu=7-F=r, (T,—T,) reoreeeeeres (13)
In this formula
To=T—(f-P+f- W) cereeerrnne. -+ (15)
A L | A Y o (16)

Fig. 9.

where,

T': Pulling force of the operating line due to the gravity component of the loaded
carriage (kg).

P: Weight of the loaded carriage (kg).

f: Coefficient of running resistance of the carriage (f=0.03~0.05).

W’: Weight of the operating cable between the endblock and the sheave of the
governor unit (kg).

W'': Weight of the operating cable between the sheave of the governor and the
drum of the yarder (kg).

S/’ Coefficient for the moving resistance of the operating cable (f’/=0.05~0.1).

G: Weight of the drum of the yarder (kg), including the weight of the cable reeled
in the drum.

f"’: Coefficiant for the frictional resistance of the drum-axle (f”/=0.01~0.02).

3. Calculation of Resisting Torque @y~

(1) Speed Ratio of Rotation (Sheave-axle: Fan-axle) (a)

The value of speed ratio (¢) depends upon the mechanism of the transmission
system. Revolution of the fan-axle is limited to 500~1500 r.p.m. from the view points
of mechanical corstruction and safety. Therefore, the mechanism is usually designed

as to give the value of “@” at 5~10. This means the final speed ratio, and this value
is attributed to the individual model of the governor.

(2) Resisting Torque of Fan (Q).
The fan is rotating against strong resistance of air. And resisting torque of the
fan-axle should be calculated by the empirical formula:

Q=C-p-M2 D5 reerreeriiiaiieiie an
where, @: Resisting torque (kg.m).
C: Torque-coefficient, determined by the experiments.
o: Density of air.
n: Fan speed (r.p.s.=1/60 r.p.m.).
D: Diameter of fan (m).

(3) Density of air (o)
Although the value of air density varies according to the atmospheric pressure or
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air temperature, cable logging is actually operated under moderate conditions, not under
extreme conditions such as more than 2000 m above sea level. Therefore, it is sufficient
for our purpose to use the approximate mean value in m.kg.sec. unit;

P=0.12 e (18)

(4) Relation between Linear Ropespeed and Revolution per Second of Fan-axle.

If it is assumed that there occurs no slip of operating rope at any place of the
cable system®-'” the rotation of the fan is completely depends upon the movement of
the operating rope.

Then,
n=-2y
T
e (19)
2nr,
or v= .
where,

a: Speed ratio.

n: Revolution of fan (r.p.s.).

v: Linear rope speed (m/sec).

7,: Radius of sheave or drum (m).
m: 3.14

(5) Diameter (D) and Structure of the Fan

It is evident from the formula (17) that @ is proportional to D® Very high value
of the resisting torque can be obtained when relatively big fan is applied. But use of
too big fan may cause the disadvantage of undesirable vibration and fast wearing of the
machine parts. Therefore, usually, diameter of the fan is selected at D=0.5~1.5m.

Structure of the fan must be strong enough against air pressure and centrifugal
force. For this purpose, disc-type or arm-type fan is suitable. Fig. 10 (a) shows the
disc-type, by which fan wings are fixed on a circular disc made of rather thin steel or
juralmin plate, while Fig. 10 (b) shows the arm-type, by which the fan-wings are fixed
to the steel arms. Also a combined disc- and arm-type fan is available.

Wing plate should be

a b very light and resistible,
and usually it is made of

R I thin steel or juralmin

/ N\ plate. And also it is con-

\
JL f' -~ . venient to let the wing
) W ! plate convertible. Fig. 11.
\

shows some examples of

S~ J - the convertible wing.
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Fig. 11.
Fig. 12.

(6) Torque-coeflicient (C)

The value of the torque-coefficient C depends upon size and form of the fan-plate
as well as upon type of the fan structure. From the results of our accurate laboratory
experiments and field measurement, we could find out the facts;

a) The value of C is higher in the case of plane wings than in the case of curved

wings, concave or convex.

b) The value of C is approximately 109 higher in the case of disc-type than in

the case of arm-type.

¢) The value of C varies considerably according to the form of the wing plates

(rectangular plates). As to the form of the wing,

R=D/2: Radius of the fan.

B: Width of a wing plate.

H: Height of the wing plate.
are shown in Fig. 12. High values of C were obtained when H/R=0.6~0.7. The
relation between C and B/R were not so evident. But from the view point of practical
application, desirable proportion could be represented by

H/R=0.5~0.8 and B/R=0.4~0.8
From this relation, form of the wing plate is reasonable when
(H:B)=(1:0.5)~(1:2)

d) Number of wings

The value of C varies according to the number of wing-plates of the fan, and it is
not always proportional to the number of wing-plates. If 4-wing fan is considered to
be the standard (C=100%), the percent-
age of the values of C in 2-, 3-, 6- and
8-wings fans can be given by the figures

Table 1. Relation between Torque-coefficient
and Number of Wing-plates

Number of wing-plates Value of C (%) shown in the Table 1.
2 50 e) Effects of side wall and safety
3 75 cover
2 i(z)g There observed almost no effect of
3 150 any side wall, which may shut out the
10 170 sidewise flow of air, even when the wall

- - was set adjacent to the fan. Therefore,



Table 2. Values of Torque-coefficient for

Standard 4-wing Arm-type Fan

Relative dimension of fan Torque-coefficient
HIR B/R BJ/H Cs
0.4 0.80 0.68
0.5 1.00 0.84
0.5 0.6 1.20 0.99
0.7 1.40 1.15
0.8 1.60 1.30
0.4 0.67 0.72
0.5 0.83 0.86
0.6 0.6 1.00 1.05
0.7 1.17 1.24
0.8 1.33 1.38
0.4 0.57 0.72
0.5 0.71 0.88
0.7 0.6 0.86 1.03
0.7 1.00 1.20
0.8 1.14 1.35
0.4 0.50 0.67
0.5 0.85 0.85
0.8 0.6 0.94 0.94
0.7 1.05 1.05
0.8 1.00 1.10

Supplementary table for culculation of C

for other types of fans

Types of fan Arm-type Disc-type
For 2-wing Cy;=C4X%x0.5 Cy=Cyx1.1
/1 3-wing C3=C;x0.75 Cy=Cyx1.1
/7 6-wing Ce=Cyx1.2 Ce/=Csx1.1
/1 8-wing Cg=C,x1.5 Cy/=Cy4x1.1
n 16-wing Cig=Cyx1.75 Ci/=Csx1.1

from the view point of practical calculation.
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Cy

1.4 —
/\ '\
e ™.
\\
1.2 B/R
™ =0.8
N
1.0
\ =0.6
] =05
0.8
/-'_——‘_--H
=0.4
0.6
H
0.5 0.6 0.7 0.8 /R

Fig. 13. Torque-coefficient C, for
standard 4-wing arm-type fan.

no correction is required even if the
fan is set at the side of a yarder or
drum.

When the fan was covered by a
plate, which was set just adjacent
to the fan wings, we could find the
tendency of increasing the value of
C, in extreme case about 50%;. But,
the safety cover is usually set some
reasonable distance apart from the
wings. So that, the effects of the
safety cover can be also neglected

From these results of our experiments, the values of C are compiled on the Table

2. and shown in Fig. 13, in which C, means the values of C for standard 4-wing arm-

type fan. The supplementary table could be utilized for calculation of the values of

torque-coefficient corresponding to the other types of fans.

4. Calculation of Rope-speed (v)

The rope-speed, which is equal to the speed of the running carriages, is calculated

by following procedures.

The basic condition is already given by the formula (1);



70

PRI=G Q e (20)
Substituting formula (17) in this, we have,
7 Qi=a-C-p-n2-D5  coovriiiiiiiii e 21
Hence,
L
"=y Cp D" (22)

Substituting (19) for # of eq. (22), we obtain the rope speed controlled by the fan-
governor,

in which,
n: 3.14.
71: Radius of the sheave (drum) (m).
a: Speed ratio (Fan-axle: Sheave-axle).
7: Mechanical efficiency of the transmission system=0.75~0.90.
@:: Driving torque of the sheave- (drum-) axle (kg.m).
C: Torque-coefficient.
0: Density of air=0.12.
D: Diameter of the fan (m).
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Appendix: Specifications of Available Fan-governors
Maker . .
(Sales agent) Specification
Type RK-62 FG-75 BV-305
Nansei Kosaku- . .
s Attached to PK-62 | Independent unit | Independent unit
sho Co. Application cable yarder for skyline cranes | for cableways
(Nansei Kikai Weight 3,000 kg 250 kg
. 500 kg
Hanbai Co.) Diameter of main 300m 500 700 mm
sheave (drum) m mm
Final ratio of speed 59:1 6.6:1 7.3:1

increase

Drum—Gear—-Slid-

Sheave—Gear—

Sheave—Gear—

increase

Transmission
mechanism

Diameter of fan

Number of fan-

plates

Size of fan-plate

Sheave—Chain—Fan

600 mm (min.)
1,000 mm (max.)

4X2
250 x 150 mm

700 mm (min.)
1,400 mm (max.)

4x2
300 150 mm

250 % 350 mm

300 x 500 mm

Transmission .
- ing gear clutch— | Cone clutch—Fan | Cone clutch—
mechanism Fan Fan
Diameter of fan 800 mm 750 mm 880 mm
Number of fan-
plates 8 8 8
Size of fan-plate ’ 250290 X 3 mm 250X 250 X 3mm 230X 240 X 3mm
Type ’ L-1 LI
Owase Kosaku- Applicati d it f kvli
sho Co. pplication Independent unit for skyline cranes
K Weight 450 kg 470 kg
(Hokutan Norin Diam .
eter of main
Co.) sheave 500 mm 500 mm
Final ratio of speed i i
increase 5:1 5:1
;{;?E:%Z?}il::on Sheave—Gear—One-way Clutch—Fan
Number of fan-
plates 2,3 4,6 2, 3,4, 6
Size of fan-plate 300 x 300 mm 300 % 300(400) mm
Type Medium Large
g@?;:i?ui{}fgaé o Application Independent unit for cableways
Weight 160 kg 200 kg
Diameter of main
sheave 800 mm 1,000 mm
Final ratio of speed 6.7:1 85:1




72

Maker . .
(Sales agent) Specification
Type ML-15
Maruyama
Attached to brake
Tekkosho Co. Application devises of cable-
ways
Weight 1,500 kg
Diameter of main 1,000 mm
sheave
Final ratio of speed 6:1
increase 12:1
Transmission Sheave—Bevel gear
hani --Shaft——Gear box
mechanism —Clutch—Fan
Diameter of fan 1,000 mm
Number of fan- 4
plates
Size of fanplate 300 x 350 mm
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