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Abstract

This report presents the results study of the design of
mechanical systems for low speed wind turbine generators which
is the range of 4-5 m/s wind velocity. The objective of this study
is to find out the optimum parameters of 20 kw wind turbine
model. The configuration of the model was cut in wind speed of
2.8 m/s and rated power of 9 m/s. Two models of configurations
were comparing between single unit of 20 kw wind generator and

dual 10 kw generators in one nacelle. The dual system is

designed by using 2 units of 10 kw generators coupling to the
single shaft become to 20 kw power output. Both models using
the same configuration by stepping up gear ratio of 1:7 to
achieve the starting speed of 175-210 rpm by 25-30 rpm wind
turbine rotor rotational. The result of the study indicated that the
dual system wind generators performs better efficiency with lower
staring torque at same wind speed for the cut-in velocity. The
results indicated the optimum parameters of mechanical design
which suitable for low wind resources.
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o Py = waseulni (kw)
p = danunwniuzaseIMa @25°C (1.225 kg/m’)
A= Aufinnewasluwe (m))
Vo = ANILSI80N MBI ILaz eI waan (mss)
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Vo 0 E’) 3! 2 Section 1 Vo

U7 2 wannsvasngefluuudy (Momentum theory) [1]

2.3 WSIHaN (Thrust force)
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o

nnngufluamdn anagud 2 alddail
_l ( 2 2 )
E— 5 PALV, -U, @)

W18 Frus = WIIHANVRALSIA8T (N)
' ' 3
P = AMenunwuiwasaIna @25°C (1.225 kg/m')
¥ A @ 2
A= Aufinnavasluwe (m)

Vo = AN AT ILAZNI9G1%a8N (M/s)

U, = anuiSiaunasaanainlsiaas (mis)
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27

1
U =032x—x—xV,
3 16

U, = 0.18V, 4)
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+ 2T,

+
Shaft-2 2

Dual TShaﬂ-B (1 2)

Toua = WHDASUAUNIRUAVBITZUL Dual (Nm)

Tonarr, 2, 3 = hdanInuauaIusaziwal (Nm)

uwnuaasluaunInz) ale

1 zZ1

(M Shaft ) D
X

+Mm+M

— Rotor Pitch
Dual X9
2 2
2 z2 z3
(MZZ +M23 +MShaft ) (DP\tch Pitch )
+ 2x X X
2 4
3 z4
+ 2X (MZ4 +MShaﬁ +MCouphng) X DPixch X g
2 2
(216+124+242)kg  0.54m )
Tow = X x9.81m/s
2 2
(13+104+40)kg  (0.192 + 0.484)m ,
+ 2X X x9.81m/s
2 4
(15+21+35)kg  0.192m )
+2x X x9.81m/s
2 2

T, = (770.77)+2x(130.14 ) +2x(33.43 ) N.m
T, =1097.91N.m

Input Gear box Generator | Output
—P —

Rotor

1 Stage 20 kw.

307 6 sruumenaupuldiasesiufialWiawa 20 Aladad 1 @

(Single system)

A9%1N132(Load) ﬁIsma§ﬁaqai’ntmﬁmL'%uﬁu‘lumsmg‘mwm
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- TShaft-1

+T

Shaft-2

TSingle (13)
Tsinge = H39DATNAUNINAVDITZUY Single (Nm)

Tenarr, 2 = Wridansnuauaiudazingl (Nm)
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o A
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1 Al
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2 2
2 22
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+ — X xXg
2 2

(216+828+242)kg 1.347m B
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2 2

(13+32+41)kg  0.192m )
+ X x 9.81m/s

2 2
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NNFuMIN(G) aAnuHaminsiuiinaGamyu (Cutin wind
speed) WarmIuaa WA AANNS1a3 2.8 WwaTdaduf unudn
adluann13az ldusInan (Thrust force)

Thrust

l 2 2
2pA v, -0.18V,

o p=1225kgm’ @25°C
A= 119 (m?)
Vo = 2.8 (mis)

unuenadluaunsnes) azlaaadt

F

Thrust

x1.225kg/m3x119m2x(2.82 - o.18x2.82)m2/s2

Frnust = 552.92 N

2 leUTINAD (Thrust force) Frpust = 552.92 N = 553 N u3ida
(Torque) MAaTululsiaafuosnsiuanaunsnntldann usandn
Qméﬁa%'ﬂﬁﬂnaa‘luﬁaﬁ'wfﬁmmn1/3R (1] 2= ldeadt

- FThrust .

Rotor R CG ( 1 4)

Trowor = Widdauaalsiaas (Nm)
Frivust = WIWAN (Thrust force, N)

Ree= Teiinaagudn9uadnia (m)

' = Y a s o @
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1
=552.92 N x —x6.15m
3

. =1133.49 Nm

T

Rotor

T

Rot
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mymwaw'ﬁmvlwﬂﬂmmsmLLidﬁ(ﬂ‘ﬁmmmL%’m’n6] auaae
mazundanudazszuuEudunywna aai

Twind ~ 'Rotor ~ System (15)

unuenfianusiey 2.8 mis leasvasiaiusunsaaouseda
16 1,133.49 Nm sndagreszuumenauuuldiaiasiniiae i
2119 10 Aladad 2 67 (Dual system) wazusidasuduaasszuy
Touwa = 1,097.91 Nm aslugunsfi (15) a2l

To = 1,133.49 -1,097.91Nm

T

Dual

=35.58 Nm
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Wind speed Thrust Force Torque Dual system Single system
V, (mis) Frouse (N) Teoor (N.m) Toua (N.m) Tsingie (N-m)
1 4l 145 -953 -4,144
1.5 159 325 -773 -3,964
2 282 578 -520 -3,710
25 441 904 -194 -3,385
3 635 1,301 203 -2,988
35 864 1,771 673 -2,518
4 1,128 2,313 1,215 -1,976
4.5 1,428 2,928 1,830 -1,361
5 1,763 3,614 2,517 -674
55 2,133 4,373 3,276 85
6 2,539 5,205 4,107 916
6.5 2,980 6,108 5,011 1,820
7 3,456 7,084 5,986 2,796
7.5 3,967 8,133 7,035 3,844
8 4,514 9,253 8,155 4,964
8.5 5,095 10,446 9,348 6,157
9 5713 11,711 10,613 7,422
9.5 6,365 13,048 11,950 8,759
10 7,053 14,458 13,360 10,169

16,000

14,000

12,000

10,000

8,000

6,000

4,000

Torque (N.m)

2,000

-2,000

-4,000

-6,000

116 2 25 3 35 4 45 5 55 6 65 7 7.5 8 85 9 95 10
== Dual system

Wind speed (m/s) —&—Singlesystem

= a a ' = o a
3'1_]"/] 7 NIWUAAINALLIHUNEUIZTARINANUTIDUNDU T

5. q31lua
a & P 3 [ ¥
HaasUMsiaed angufl 7 andulddrszuumanauuuld
wdasinfialwihaune 10 Aladad 2 @3 (Dual system) &13150
SudunyussiaslinsiuanFunda i ldianuiadini
20

. A o < o Aa
(Single system) 3 m&ﬂ:auﬂu@nﬂ&JLS’J&NﬂWﬂ‘N’mImJS:LY]?WI&J

sruunnasuuldiasasiiialwinsue Alatad 1 62
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