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(|» ÊkZ] �Â,¯Y�e Z] l0Z:,» �YÁ' �!Ìe ÊuY�-OTM 930)378(
Ê��€ {Z¼Xf,�<1$({ ,Ã{Y�#�Z¼( 1�X |¼v» |Ì� �2ÊPZ�, {Z>�< ,3ÊPZ�, {Y&�< ,4

Ã|Ì°  
7|!!» ÊsZ!!" �/!!$(Y�5 *Y/!!5 Z!!" O!!�Z9$» �Y,{ �!!¸Ì5 ÃZH$!!�{ E!!# Ê!!XY�? '!!" ,�!!�ZX @2,d!!^ �{ OTM 930 )3Z!!�

 )!�Y Ã|> '$3Y{�^ 'Ì»,�Y É&Z��/$(Y�5 )(�> .�Y,{ �!¸Ì5 8!( l/0!b» �Z!( '^!�Zv» Z!" ,'!$<Z# LZ!W Y Ê!XY�? �{ �!"Y�" '!( 
k!!�/5 LZ!!W Y 8!!"ZI �Z!!( Z!!" *G '�!!#Z4» , �Y,{ �!!¸Ì5 Ê°Ì»Z!!9#{ l/0!!b» �Z!!( , Ê°Ì5Z$!!�Y l/0!!b» �Z!!( j/!!¼W» Z!!" )!!�Y

 {�!� 1!#Y '!!( |!> 1Ì! » �/!$(Y�5 Z!!" O!�Z9$» �Y,{ �!¸Ì5 {�!� ,�/!$(Y�5cm 100 Ê!» |!!>Z" .'!!( |!> yb-!» 1Ì!9i¼2
 ÊsZ!!" �/!!$(Y�5OTM 930 �Z!!( {�!!� Z!!" �Y,{ �!!¸Ì5 E!!# ÉY�!!" cm100 �Z!!( J!!¼� ,cm 10Ã|!! { �{ k!!4< ,ÉZ!!21,2

)!�Y *G *|Ì-( '" �{ZI 1ÌH9� .Ã|! { '!^ + UV!�2Ã|! { ,{ 1Ì»†!5 '!" �{Z!!I '!( |!> '!$<�= �!!;  �{ �Y,{ �!¸Ì5 ÉY�!" ÉY
 )��!!!�rpm 396Ã|!! { �{ 1,rpm 169Ã|!! { �{2Ê!!» �Y,{ �!!¸Ì5 �/!!5,� �{|!!>Z" .Z!!" Ê!! Y�,{ ÉZ%$��!!� 1!!#Y O!!Ì(�5 Z!!"

 )��!!� ,{Ã|!! { �{ �/!!$(Y�5 É,�-!!Ì^ ÉZ!!21,2,1ÌH9!!� 4ÉY�!!" Z!!2 )!!PZX &Y E!!# �!!2 '!!" '!!+/5 Z!!" Y� a!!¸$b» 7/!!? 
'#. Ê» NZ3 Ã|> Ã|#�" ÉZ2 {�,G )!�{ '" *Y/5 .'!uÌ5 , �/!5,� �/!v» UV!� Ê!XY�? �{ |!> Ã|2Z-!» '!( | |!> Ê!XY�? Z!2

Y†5 �Ì  Ê-¼3 �,Z$-= ,Ê-iÌ^ �,Z$-= �" Ã,M� ,�Y,{ �¸Ì5 �/5,� �/v»{�Y{ ÊXY�? �{ Ê#Y�� '" �Ì.

Ã"YÁ |Ì!¯ :�/$(Y�5OTM 930�Z( {�� ,Ê°Ì»Z9#{ l/0b» �Z( ,Ê°Ì5Z$�Y l/0b» �Z( ,�Y,{ �¸Ì5 ,

1-,É&�,Z-( ÉZ%9Ì>Z» EÌ Z°» |>�Y Ê�Z9>�Z( É/W- Y{ 'Ì»,�Y ÃZH- Y{EÌ ,�$°PY )�^ ,:hemad.zareiforoush@yahoo.com 
2-'Ì»,�Y ÃZH- Y{ ,É&�,Z-( ÉZ%9Ì>Z» EÌ Z°» Ê�|9%» Ã,�= �ZÌ- Y{ 
3-'Ì»,�Y ÃZH- Y{ ,É&�,Z-( ÉZ%9Ì>Z» EÌ Z°» |>�Y Ê�Z9>�Z( É/W- Y{ 
4-*Y|¼2 ,Z9Ì� Ê¸�/" ÃZH- Y{ c.ZÌ� EÌ Z°» Ê�Z9>�Z( É/W- Y{ 
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Ä»|$» 
)�Y '$<Z# É{Z#& f�$�= É&�,Z-( cZÌ¸¼� LZW Y �/;9» '" �Y,{ ÉZ2�¸Ì5 &Y Ã{ZA$�Y Ã&,�»Y .Ê!» �Y,{ ÉZ!2�¸Ì5 &Y Ã{ZA$�Y Z" *Y/!5

 É&�/(Z3 cZÌ¸¼� '" Y� '#/ ZY , 'ÌP,Y {/!¼  Ã{Z»G )-( ÉY�" Y� 1Ì»& ,�Z( '¸X�» E# �{ , {Y{ LZW Y LO/5 �/? .ÉZ!2�¸Ì5 &Y Ã{ZA$!�Y
 '!" É�Ì=/!¸+ NZ!3 |!X &Y @Ì" Ê={�-< &Y , Ã|> Ê�Y�& 1Ì»& É,� �" É&�,Z-( cY,{Y �#Z� , �/$(Y�5 {{�5 @2Z( O+/» �Y,{

 Ê» 8¼�{�,G .Y �Y,{ ÉZ2�¸Ì5 '°9#Y {/+, Z" cY,{Y �#Z!� �Z!( &Y '¸X�» |9R LZW Y '" �{ZI '°ÌeZW G &Y Z»Y ,| �Y{ É{Z#& Ê<�0» É�� 
NZ3 {/" |2Y/3 C( Z% G Ê<�0» *Y/5 j/¼W» �{ 1#Y�"Z9" ,|9$�2 É&�, .NZ3 �Y�"Y '" CÌ4$�» �/K" *Y/!5 */R �Y,{ ÉZ2�¸Ì5 �{&�,

 Ê» Ã{Y{ 7Z4$ Y Y Ã{ZA$�Y c�/� �{ *Y/5 7Z4$ Y Ã{&Z" ,{/> {/" |2Y/3 .Z" cY,{Y 1#Y &.NZ!3 �Y�!"Y Ê--( É,�Ì  @2Z( ,Ã,M " &�,
E^� �/$(Y�5 &Y Ã{ZA$�Y *Z°»YÊ» C2Y�< Y� �5 {�,G]3.[

Z%&Á� Á 'YÂ» 
ÊsZ" �/$(Y�5 Ê9< cZ0b-»OTM 930 )�Y �#& �Y�I '" ]1: [

-�/$(Y�5 7/? :2785�$¼Ì¸Ì» 
-�/$(Y�5 {�� :960�$¼Ì¸Ì» 
-�/5/» 7|» :9 LD 626-2 
-�|9¸Ì� {Y| 5 :2
-'0b-» )��� �{ �/5/» c�|I �6(Y|X 3000 '4ÌI{ �{ �,{ :30�Zb" O�Y )37/22cY, /¸Ì( (
-�{ �/5/» �,Z$-= �6(Y|X 2000 '4ÌI{ �{ �,{ :10515/Ì  -�$» 
-�/v» )��� PTO :540�/5/» '0b-» )��� �{ '4ÌI{ �{ �,{
-�/v» �KI PTO :35Ì¸Ì» �$¼ 
-7|» ÊsZ" �/$(Y�5 OTM 930 )��!� ,{ 1Ì»†5 �/;9» '" Ê2| Y/5 �/v» ,{ ÉY�Y{ rpm540,rpm750 ,{ J!#�? &Y 

Ê» ' Z=Y|+ )<Z>|>Z".
-1ÌH9� &Y Ã{ZA$�Y *,|" �/$(Y�5 8( *&, Ã|99( Z2 :925L�=/¸Ì( 
-8»Z> Ã| { '^ + 3, /¸+ Ã| { 3Ã| { E¼( C$�Ì� '" �%W» , O4� Ã| { 1Ì»†5 )%+ 6, /¸+ )��� 3Ê» O4� )��� |>Z".
-Ê» Ã{ZA$�Y Z%3�R '" *Y/5 7Z4$ Y )%+ 8Ì� Y�A#{ ,{ &Y *G �{ , Ã{/" N�v» x�R �Z%R ÉY�Y{ �/$(Y�5 1#Y {/>.

ÃZa,0' ÊuY�- 
{/!¼  '^�Zv» Y� �/$(Y�5 k�/5 LZW Y 8"ZI �Z( �Ì  , �Y,{ �¸Ì5 l/0b» �Z( |#Z" �Y,{ �¸Ì5 ÊXY�? ÉY�" .�Y,{ �!¸Ì5 l/0!b» �Z!(

 Ê» LZW Y *Z»& *G �{ Ã|> {�3 NZ3 CWX ÉY&Y '" 'uÌ5 @3�R �,{ E# Ê? �{ �Y,{ �¸Ì5 '( É�Z( &Y )�5�Z^� �#& 'K"Y� &Y , |2{
Ê» '^�Zv» {{�=]2: [

)1(A = A0 + AB

|/< 'K"Y� �{A0,AB,{ �¸!Ì5 Ê°Ì»Z!9#{ l/0b» �Z( , Ê°Ì5Z$!�Y l/0b» �Z!( OÌ5�5 '" 1Ì!Ì 5 �!!#& k!"Y,� &Y , Ã{/" �Y
Ê» | {�=]2: [
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3dm
mkgA0 = 0.1 C0 K0

)3(¸
¹
·

¨
©
§ �

3dm
mkgAB = 0.001 au u2

)4(¸
¹
·

¨
©
§ �

3dm
mkgAB = 0.001 av v2
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.Z" k"Y,� �{C0,NZ3 j/!  '" :/"�» O#�� K0NZ!3 l/!0b» )»,Z!4» )kg/dm3(,u'!uÌ5 Ê!�Z¼» )��!� )m/s(,v

1Ì>Z» É,�-Ì^ )���)m/s(,au,avÊ» Ê°Ì»Z9#{ O#Y�� )�Y �#& c�/0" �H#|°# Z" Z% G 'K"Y� '( |9>Z"]2: [

)5(¸̧
¹

·
¨̈
©

§ �
4

2

m
skg2Oav = au

)6(
v
u=O

Ê» '^�Zv» �#& 'K"Y� &Y �Ì  �/$(Y�5 k�/5 LZW Y 8"ZI �Z( {{�=]2: [

)7(¸
¹
·

¨
©
§ �

3dm
mkg

vab
N zcc KK5.7Ac =

|/< 'K"Y� �{Nc�/$(Y�5 *Y/5 )hp(,v,�-Ì^ )��� É)m/s(,cK/¸+ '" ,� *Y�,{ )PZX ÉY�" *G �Y|4» '( )�Y �/$(Y�5 Ã{&Z" 
�Y,{ �¸Ì59/01Ì" }/!° » *Y�,{ ÉY�" ,9/0-8/0Ê» '$<�= �;  �{,{/>zK1Ì!" *G �Y|!4» '!( �/!!$(Y�5 *Y/!5 Ã�Ì3€ O#�� 

8/0-7/0,)�Y a�Z( J¼� )dm(,b{���Y,{ �¸Ì5 �Z()dm()�Y.
Ê���" Ê» *Z-  '$<Z# LZW Y ÉZ2 Ã&Y|! Y '!" &Z!Ì  {�/!» É�� Y ,�/5,� /¸+ '" ,� *Y�,{ )PZX �{ '( |2{15-10'!" )^�!  |!��{ 

Ê» @2Z( }/° » *Y�,{ )Ì �, |"Z#]4.[�/$(Y�5 ÉZ%3�R @3�R Z" )%+ C2 �/5,� *Y�,{ )%+ ,�Y,{ �¸Ì5 ÊXY�? �{ 1#Y�"Z9"
 = �;  �{/!¸+ '!" ,� @3�!R )PZX �{ �Y,{ �¸Ì5 Ê Y�-Ì^ É,�Ì  &Y *Y/$" ,&ZÌ  {�/» É�� Y 1$<Z# @2Z( �" Ã,M� Z5 )�Y Ã|> '$<�

)�+ Ã�%" �Ì  *G �/5,�.
)b� 1$<�= �;  �{ Z" �Y,{ �¸Ì5 ÊXY�? )!�Y Ã|!> LZ!W Y 1ÌH9� �ZÌ�" ÉZ%(Z3 ÉY�" Ê9 # k#Y�> 1#�5 .�ZÌ !" ÉZ!%(Z3 ÉY�!"

 �#{Z4» 1ÌH9�C0,K0,au�!"Y�" O!Ì5�5 '" 5/2,)kg/dm3(70,)kg.s2/m4(400 Ã|!> f�Y�!= |! Y]2.[�Z!( ,1#Y�"Z!9"
 'K"Y� &Y Ã{ZA$�Y Z" �Y,{ �¸Ì5 Ê°Ì5Z$�Y l/0b»)2(Ê» '^�Zv» �#& c�/0"{/>:

¸
¹
·

¨
©
§ �

3dm
mkgA0 = 0.1 × 2.5 × 70 = 17.5        

k"Y,� �{ '°ÌeZW G &Y)4(,)5(,)7(�Y,{ �¸Ì5 �Z( {�� �#{Z4»)b(É,�-Ì^ )��� ,)v()��!� '!" '!uÌ5 Ê!�Z¼» )��� )^�  ,
É,�-Ì^)O(Ê°Ì»Z9#{ O#�� ,av{�/» �/$(Y�5 cZ0b-» '" '+/5 Z" Y� O�Z9» Ã�$�= E# �»Y ÉY|$"Y �{ Ê$�#Z" ,|9$�Ì  L/¸ » 

Z5 {�( a#� 5 Z%$Ì¼( 1#Y ÉY�" Ã{ZA$�Y {/¼  [Zb$ Y �Y,{ �¸Ì5 ÊXY�? ÉY�" Y� '9#�= 1#�$%" Z% G 1Ì" &Y *Y/$" )#Z%  �{.Ê!XY�? �{
l M< '¸�Z< �Y,{ �¸Ì5 1#Y �/5,� �/v» É,� �" Z2cm251#Y &Y Ê"�]» '( ÃZH$�{ �Z( {�� Ã{,|v» , )�Y Ã|> '$<�= �;  �{ 

ÊsZ!" �/!$(Y�5 {�!� '" '+/5 Z" {/" |2Y/3 '¸�Z<OTM 930�"Z!" )!�Y �!"Ycm100,cm125 ,cm150 ,cm175 .
ÊsZ!" �/$(Y�5 É,�!-Ì^ )��!�OTM 930Ã| { �{'0b-» �,{ �{ , a¸$b» ÉZ2rpm 3000Ã|!> f�Y�!= �!#& c�/0!" 

)�Y]1: [
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 (Á|)1-�Â,¯Y�e 6¯�u 6L�0 [ÌÌGe OTM 930�ÂeÂ» Ä?NU» �Á' �' 
Ê"Zb$ Y Ã| { )(�X )���)km/hr()(�X )���)m/s(

1/¸+ 1ÌH9� 3/136/0
2/¸+ 1ÌH9� 6/272/0
3/¸+ 1ÌH9� 9/308/1
1/¸+ E^� 7/686/1
2/¸+ E^� 00/1489/3
3/¸+ E^� 00/2183/5

1O4� 6/144/0
2O4� 4/394/0
3O4� 2/544/1

'uÌ5 €/A  c�|I .Z" É,�-Ì^ ÉZ%$��� �{ '°9#Y 8ÌP{ '"Ê» @2Z( NZ3 �{ Z2"Z# Ã|! { &Y k4< �Y,{ �¸Ì5 ÊXY�? �{ ,| ÉZ!21Z!5 3
)�Y Ã|> Ã{ZA$�Y a¸$b» ÉZ%$��� {ZW#Y �/;9» '" 1ÌH9�.

ÉY�" &ZW» �Y|4» 1#�$¼(O�"Y�" 5/2Ê»|>Z"]3.[ÉY�" ,1#Y�"Z9"OÃ�$�=22-2Ã{,|v» É,�-Ì^ )��� ÉY�" ,m/s 2-2/0
ÌÌ 5Ê» 1)3Z� C2Y�< J#�? 1#Y &Y Y� É�$-Ì" [Zb$ Y *Z°»Y *Y/$" Z5 {/>.

�#{Z4» ,|/< cZvÌ�/5 '" '+/5 Z"A,Ack"Y,� &Y Ã{ZA$�Y Z" )1(,)4(,)7(Ê» )�|" �#& c�/0"|9#G:

)8(¸
¹
·

¨
©
§ �

3dm
mkgA = A0 + AB = 17.5 + 0.001 av v2

)9(¸
¹
·

¨
©
§ �

3dm
mkg

vb
162 Ac =

ÉY�" Ã|»G )�|" c.{Z » &Y Ã{ZA$�Y Z"A,AcÉY�" Ã|> a#� 5 Ã�$�= &Y Ã{ZA$�Y Z" 1Ì9i¼2 ,O,v7,|+ 2�!#& c�/0!" 
Ê» 8�ZX{{ =:



˺4˻B

 (Á|)2-|$» �' �Â,¯Y�e b0Âe 2ZC¿Y 8]Z3 �Z¯ Á �YÁ' �!Ìe 8¯ ‚Â?N» �Z¯ �YVÁ Z4OM!,N» DZ4 

321Ã| { Ã�Z¼> 

21.6 1.4 1.2 1.08 0.8 0.72 0.6 0.5 0.4 0.36 0.2 v (m/s) av=u/vO
23.921.6 20.6 19.8 19.36 18.52 18.32 18.08 17.9 17.76 17.7 17.56 1600 2
31.926.7 24.6 22.68 21.67 19.8 19.36 18.8 18.4 18.08 17.96 17.64 3600 3
43.133.9 3026.72 24.96 21.6 20.82 19.8 19.1 18.52 18.32 17.76 6400 4
75.154.4 45.7 38.24 34.29 26.72 24.96 22.68 21.1 19.8 19.36 18.08 14400 6
12083 67.7 54.36 47.36 33.88 30.77 26.72 23.9 21.6 20.8 18.52 25600 8
178120 95.9 75.1 64.15 43.1 38.23 31.9 27.5 23.9 22.68 19.1 40000 10 
248165 130 100.4 84.68 54.36 47.35 38.24 31.9 26.72 24.96 19.8 57600 12 
331218 171 130.4 108.9 67.68 58.14 45.72 37.1 30.04 27.66 20.64 78400 14 
427280 218 165 136.94 83.04 70.58 54.36 43.1 33.88 30.77 21.6 102400 16 
536349 272 204.1 168.66 100.4 84.68 64.16 49.9 38.24 34.29 22.68 129600 18 
658427 331 247.9 204.12 119.9 100.44 75.1 57.5 43.1 38.23 23.9 160000 20 
792513 397 296.3 243.31 141.4 117.86 87.2 65.9 48.48 42.59 25.24 

A
(kg.m/dm3)

193600 22 

8.110.1 11.57 13.5 1520.25 22.5 2732.4 40.5 458110 
6.488.1 9.26 10.8 1216.2 1821.6 25.92 32.4 3664.8 12.5 
5.46.75 7.71 91013.5 151821.6 27305415 

4.635.78 6.61 7.71 8.57 11.57 12.86 15.43 18.5 23.1 25.71 46.28 

Ac
(kg.m/dm3)

17.5 

b
(dm) 

'uÌ5 Ê�Z¼» )��� '" ÊH$�" �Y,{ �¸Ì5 ÉY�" O�Z9» É,�-Ì^ )��� [Zb$ Y)u(�/5,� Ê Y�,{ )��� &Y Ê "Z5 {/3 '()n()!�Y
 Ã|> Ã|#�" NZ3 '#. 7/? ,)L({{�Y .k!"Y,� &Y Ã{ZA$�Y Z" Ã|> Ã|#�" NZ3 '#. 7/? , �/5,� Ê Y�,{ )��� ,'uÌ5 Ê�Z¼» )���

Ê» )�|" �#& |9#G]2: [

)10((m/s) 
6000
2 RnS=Zu = R

)11((rpm) 
R
v

S
O

2
6000 n =

)12((cm) 
Z
R

O
S2L =

)13((dm)
nZ

v600L =

|/< k"Y,� �{R�/5,� jZ > )cm(,vÉ,�-Ì^ )��� )cm/s (,Z'uÌ5 {Y| 5 l! M< &Y E# �2 `�? E# �{ Z2 Ê!» Z!2 |!>Z" .
'uÌ5 {Y| 5)�Y Ã|> '$<�= �;  �{ {|� ,{ l M< `�? �2 �{ Z2 .Ê» *Z-  c"Z9» Ê���" ÉY�" Ã|> '$<�= �;  �{ �/5,� �KI '( |2{

 1Ì" Ã|¼� �/K" �Y,{ ÉZ2�¸Ì5cm50-30)�Y .Ê» �Y,{ ÉZ2�¸Ì5 �/5,� jZ > ,Ã,M " ¼� &Y )�#Z" ÉY�!" Ã|> '$<�= �;  �{ �Z( J
|>Z" �$-Ì" Z% G �Z(]4.[8^I ÉZ%-b" �{ �Y,{ �¸Ì5 �Z( J¼� '°9#Y '" �;  �Ì  , �Ì�ZA5 1#Y '" '+/5 Z"cm10,)�Y Ã|> [Zb$ Y 

�KIcm40|> Ã{Y{ yÌb-5 O�Z9» �/5,� ÉY�" .

k"Y,� &Y Ã{ZA$�Y Z" 1#Y�"Z9" )11(,)12(/5,� Ê Y�,{ )��� �#{Z4»Ê» )�|" �#& c�/0" Ã|> Ã|#�" NZ3 '#. 7/? , �|#G:



˺4˼=

)14() rpm   VO= 47.75(
202

)(6000
S
OVn =

)15(cm
O
S20 =

2
202




O
SL =

7,|+ 'Ì%5 Z"3Ê»*Y/5 1Ì>Z» �Z( {�� ÉY�" 1°¼» ÉZ%$PZX 'Ì¸( )b(É,�-Ì^ )��� ,)v(Ê!���" Y� �/!5,� Ê Y�,{ )��� ,
{/¼  [Zb$ Y �Y,{ �¸Ì5 ÊXY�? ÉY�" Y� '9#�= 1#�$^�Z9» )#Z%  �{ , Ã{�( .

(Á|)3-9ZN,¿Y DY�] [°O» DZ4bXnÁv

`M$3Y 
l/0b» �Z(Z2

L (cm) n (rpm) (v, O )v (m/s) 
�Z( {�� 
�Y,{ �¸Ì5 
(cm) 

Ã�Z¼>
[Zb$ Y 

55.76 2.85 210.1 (0.2,22) 0.2 1
2.41 2.85 315.15 (0.3,22) 0.36 2
2.26 3.49 343.8 (0.4,18) 0.4 3
0.5 5.23 286.5 (0.5,12) 0.5 4
0.28 7.85 229.2 (0.6,8) 0.6 5
1.68 15.7 133.7 (0.7,4) 0.72 6
0.45 20.9 114.6 (0.8,3) 0.8 

100 cm 

7
39.56 2.85 210.1 (0.2,22) 0.2 8
1.71 3.49 257.85 (0.3,18) 0.36 9
2.36 4.48 267.4 (0.4,14) 0.4 10
2.02 7.85 191 (0.5,8) 0.5 11 
1.8 15.7 114.6 (0.6,4) 0.6 

125 cm 

12 
28.76 2.85 210.1 (0.2,22) 0.2 13
2.34 4.48 240.66 (0.36,14) 0.36 14 
0.28 5.23 229.2 (0.4,12) 0.4 15 
0.5 10.47 143.25 (0.5,6) 0.5 

150 cm 
16 

21.04 2.85 210.1 (0.2,22) 0.2 17
0.75 5.23 206.28 (0.36,12) 0.36 18 
1.5 7.85 152.8 (0.4,8) 0.4 19 
0.1 20.9 71.62 (0.5,3) 0.5 

175 cm 
20 

7,|+3Z"k"Y,� &Y Ã{ZA$�Y )10(,)11(,)12(7,|+ ,2)�Y Ã|»G )�|" .Ã|> [Zb$ Y �Z( {�� �2 ÉY�" Y|$"Y '( c�/� 1#|"
 7,|+ &Y2yb-!» É,�-!Ì^ ÉZ%$��!� &Y E# �2 �{ �/$(Y�5 k�/5 LZW Y 8"ZI �Z( '" �Y,{ �¸Ì5 l/0b» �Z( �Y|4» 1#�$°#{�  

, Ã|>O*G Z" �BZ9$» 7,|!+ �{ NZ3 Ã|> Ã|#�" cZ KI 7/? , �/5,� Ê Y�,{ )��� '^�Zv» )%+ )��� 3Ê!» 1Ì!Ì 5 {{�!= .
Ê» O+/» É,�-Ì^ ÉZ%$��� &Y E# �2 �{ �/$(Y�5 k�/5 LZW Y 8"ZI �Z( '" �Y,{ �¸Ì5 l/0b» �Z( �Y|4» *{/" E#{�  �{ Z!5 {{�=

 {�/» �/$(Y�5 , Ã|> ÊXY�? ÃZH$�{ 1Ì" Ê^�Z9» )4"ZK» )#Z%  |>Z" '$>Y{ {/+, Ã{ZA$�Y .�9V()1972 ('!$<Z#�{ {/!3 cZ4Ì4v5 �{
{,|X |#Z" �Z( {�� &Y �$¼Ì$ Z� �2 ÉY�" �Y,{ ÉZ2�¸Ì5 1$3Y| Y �Z°" ÉY�" &ZÌ  {�/» c�|I '( '( )�Y1�/!v» É,� �" �Zb" O�Y 

|>Z" Ê2| Y/5 .�Z( {�� �{ '°9#Y '" '+/5 Z"cm100Ã{,|v» ^^ )��� ÉY�" Ê^�Z9» ÉZ2 NZ!3 '!#. 7/? , �/5,� �,{ ,É,�-
 {/!+, �/!$(Y�5 k!�/5 LZ!W Y 8"ZI �Z( , �Y,{ �¸Ì5 l/0b» �Z( 1Ì" Ê¼( `M$3Y �Z( {�� 1#Y �{ 1Ì9i¼2 , )�Y Ã|»G )�|"

 �Z( {�� 1#Y�"Z9" ,{�Y{cm100|> Ã{Y{ yÌb-5 O�Z9» �Y,{ �¸Ì5 ÊXY�? ÉY�" .
7,Y|+ '" '+/5 Z"1,3Ê» yb-» /$(Y�5 '( {{�= 7|» �OTM 930Ã| { �{ k4< ÉZ21,2�!¸Ì5 *|Ì-!( '!" �{ZI 1ÌH9� 
�Z( {�� Z" �Y,{cm100�Z( J¼� ,cm10Ê»|>Z" .
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 Ê» �Z( {�� *|> yb-» Z" 'uÌ5 Ê�Z¼» )��� , �/5,� Ê Y�,{ )��� ,Ã|> Ã|#�" NZ3 cZ KI 7/? *Y/5 &Y E!# �2 �{ Y� Z2
Ã| {{/¼  '^�Zv» Ã|> [Zb$ Y ÉZ2 .&Y 8^IÊ» |/< cZ^�Zv» LZW Y Ã| { &Y E# �2 �{ )�#Z" �Y|4» ,Ã|> [Zb$ Y ÉZ2OO�Z9» 

{�,G )�|" Y� �/$(Y�5 É,�-Ì^ )��� Z" .CÌ2Y/!3 �/!$(Y�5 k!�/5 LZ!W Y 8"ZI �Z( , �Y,{ �¸!Ì5 l/0b» �Z( *{Y{ �Y�I É,Z�» Z"
 )>Y{:

= 23.031O(v = 0.36 m/s)                   A = Ac:Ã| {1
= 4.912O(v = 0.72 m/s)                     A = Ac:Ã| {2

$�Y Z" k"Y,� &Y Ã{ZA)10(,)11(,)12()>Y{ CÌ2Y/3:
L1 = 2.73 cm           ,          n1 = 396 rpm       ,        u1 = 8.29 m/s   :Ã| {1
L2 = 12.79 cm         ,          n2 = 169 rpm       ,        u2 = 3.53 m/s : {Ã|2

Ã| { �{ '°9#Y '" '+/5 Z" ÉZ21,2Ê» 'WÌ$  1Ì9R ,)�Y Ã|»G )�|" �Y,{ �¸Ì5 �/5,� ÉY�" a¸$b» )��� ,{ ,�/$(Y�5 �¸Ì5 '( {/>
 {/!¼  {Z!W#Y �/!5,� �{ c,Z!A$» )��!� ,{ *Y/$" *G &Y Ã{ZA$�Y Z" Z5 |>Z" '$��� ,{ Ã| { '^ + E# '" �%W» Ê$�#Z" �Y,{ .)!Ì¸"ZI

 { &Y Ã{ZA$�Y Ê» O+/» ,�Y,{ �¸Ì5 �/5,� �/v» �{ a¸$b» )��� ,{ {/+, �Ì  , É,�-Ì^ ÉY�" �/$(Y�5 Ã| { ,'( {/>4a¸$b» 7/? 
'#. ÉY�" 'K"Y� &Y Ã{ZA$�Y Z" *G a¸$b» �#{Z4» '( |>Z" 7/0X 8"ZI Y�W» ÉZ%$PZX �{ NZ3 Ã|> Ã|#�" ÉZ2)13(7,|+ �{4Ã|»G 

)�Y.

(Á|)4-Ë\ (Â- M!,N» �Ë'Z$» �ÂeÁ� Ê¿Y�Á' 6L�0 Á �Â,¯Y�e DÁ�UÌ5 6L�0 M!,N» DZ%,_Zu �' Ã|& Ã|Ë�] KZ; Ä
N2 = 169n1 = 396�/5,� �,{)rpm(

É,�-Ì^ )���)m/s(
L = 6.4 cm L = 2.73 cm V1 = 0.36 
L = 12.79 cm L = 5.45 cm V2 = 0.72

½YÂe (Z$,¿Y J,HÌ0 ÊuY�- 
{ �¸Ì5 �/5,� �,{ *|> yb-» &Y U^ {{�= ÊXY�? *G Z" O�Z9$» Ã| { '^ + |#Z" �Y, .Ã{/" Ã{Z� Ê Z¼$3Z� ÉY�Y{ Ê$�#Z" Ã| { '^ +

|>Z" )XY� *G *{�( U#,�� ,.
Ê» )�|" �#& 'K"Y� &Y Ã{ZA$�Y Z" �Y,{ �¸Ì5 �{ ,�Ì  7Z4$ Y O#�� |#G]2: [

)16(

A

D

n
niC =

|/< 'K"Y� �{An,Dn�/v» )��� OÌ5�5 '"PTO O�X �" �Y,{ �¸Ì5 �/5,� )��� ,rpmÊ»|9>Z".
7|» ÊsZ" �/$(Y�5 ,|> *Y/9� 8^I ÉZ%-b" �{ '( �/K Z¼2OTM 930Ê» Y�W» Ê2| Y/5 �/v» ,{ ÉY�Y{ |>Z" .�¸Ì5 ÊXY�? �{

 �/v» �;  {�/» �Y,{PTO )��� Z" rpm540ÉY�" )�Y Ã|> '$<�= �;  �{ �Y,{ �¸Ì5 É&Y| Y ÃY� .O#�� ,�Ì�ZA5 1#Y '" '+/5 Z"
 Z" )�Y �"Y�" �Y,{ �¸Ì5 ÉY�" �,{ 8#|^5:

= 396 rpm                iC1 = 0.733Dn:7,Y )PZX)Ã| {1�Y,{ �¸Ì5 (
= 169 rpm               iC2 = 0.312Dn:L,{ )PZX)Ã| {2�Y,{ �¸Ì5 (
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 Ê» �Y,{ �¸Ì5 �{ �,{ 8#|^5 O#�� *|> yb-» Z" Ã| { '^ + '" '+/5 Z" *Y/5 x�!R Ê^Ì(�5 Ã| { '^ + ,�Y&Z" �{ {/+/» ÉZ2 , Ã|! {
 Ã| |3�R &Y Ã{ZA$�Y Z" , {�( [Zb$ Y Y� Ã|> ÊXY�? �Y,{ �¸Ì5 ÉY�" O�Z9» É�ÌW &9» ÉZ2 �,{ 8#|!^5 O#�!� ,Ã|! { '^ + �{ O�Z

{/¼  {ZW#Y *G �{ Y� �;  {�/» .

�ÂeÁ� �Â=» ÊuY�- 

Ê» �Y,{ �¸Ì5 '( Ê�Z¼» É,�Ì Ê» )�|" �#& 'K"Y� &Y |9( 8¼v5 | Y/5 |#G]2: [

)17((kg)
u

N zcc KK75 Ko =

Ê�Z¼» É,�Ì  �6(Y|X |#Z" �/5,� �/v» ÊXY�? ÉY�"Ê» �Y,{ �¸Ì5 '( {/> '$<�= �;  �{ |9( 8¼v5 | Y/5 .Z" �6(Y|X Ê�Z¼» É,�Ì 
Ê» 8�ZX 8IY|X Ê�Z¼» )��� 1$<�= �;  �{{{�=:

)18((kg)                                                                                  
min

75
u
N zcc KK(Ko)max = 

k"Y,� '" '+/5 Z")6(,)12(,umin ÉY&Y '" minOÊ» 8�ZX '( {{�=minO�{ �Ì  LmaxÊ» )�|" |#G .)>Y{ CÌ2Y/3 1#Y�"Z9":

= 4.91 
79.122
202


S=

max

2
ZL

RS=minO

0.72 × 4.91 = 3.53  m/s =minOumin =V. 

'K"Y� &Y Ã{ZA$�Y Z" 7ZX)18(Ê»*Y/5(Ko)max {/¼  '^�Zv» Y� :

= 458.92   kg 
53.3

8.09.03075 (Ko)max =  

Z" cZ^�Zv» �{ ,Ê�Z¼» É,�Ì  cZ Z�/  '" '+/5 Z" &Y &,ZW$» ÊPZ¼$XY ÉZ2,�Ì  Ê$�#kg92/458{{�= �/;9» �Ì  .&Y )!%+ 1#|!"
 �/$(Z<CsÊ» Ã{ZA$�Y )�Y Ê�Z¼» ÉZ2,�Ì  �6(Y|X 8»Z> '( {/> .Ã| |3�R , Z%$<Z> '^�Zv» '( )�Y Ê%#|" }Z�Y�" Ê$�#Z" Z2

{�Ì= LZW Y ,�Ì  �6(Y|X .)>Y{ CÌ2Y/3 1#Y�"Z9":

)19((kg) Ks = Ko.Cs

.Z" 'K"Y� �{Ks, *Z9Ì¼?Y O#�� 1$<�= �;  �{ Z" Ê�Z¼» ÉZ2,�Ì  �6(Y|X CsÊ3MH9� ÉZ%(Z3 �{ *G �Y|4» '( )�Y Ê^#�� 
2Ê3MH9� �Ìs ÉZ%(Z3 �{ ,5/1)�Y Ã|> f�Y�= ]2.[)>Y{ CÌ2Y/3 1#Y�"Z9":

× 2 = 917.84      kg Ks = 458.92
�Y,{ �¸Ì5 �/5,� �/v» �{ C¼#�(Z» *Z¼»)Ms(Ê» )�|" �#& c�/0" |#G:

Ms = Ks R = 917.84 × 20 = 18357 kg-cm    
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 �{ |/< 'K"Y�R�/5,� jZ > )cm(,KsO#�� 7Z¼�Y Z" Ê�Z¼» É,�Ì  �6(Y|X CsÊ» |>Z".
Ã|!> {�!� {�/!  {./< �/5,� �/v» U9+ ,Ã|»G )�|" cZ�M?Y '" '+/5 Z")AISI 302 (CÌ¸�!5 @9!5 Z!" Mpa520=YV

Ê» [Zb$ Y{/> .�/5,� �/v» �{ &ZW» @95)allW(Ê» )�|" �#& 'K"Y� &Y |#G]5: [

)20((Mpa)  
f

300 =
f

YV577.0=allW

|/< 'K"Y� �{fZ" �"Y�" *G �Y|4» '( )�Y *Z9Ì¼?Y O#�� 2Ê» '$<�= �;  �{{/> .�{ �   �Z3 ÉZ+ �/5,� �/v» É,� '°ÌeZW G &Y
'K"Y� ,)�Y Ã|> '$<�= �; )20(O#�� E# �{75/0Ê» [�� {/> .)>Y{ CÌ2Y/3 1#Y�"Z9":

= 112.5 Mpa = 1147.18  kg/cm2

2
300= 0.75 × allW

Ê!» 7Z!¼�Y �/5,� �/v» '" '( )�Y Ê-iÌ^ �,Z$-= ,)�Y �Y˜» �/5,� �/v» {Z "Y ÊXY�? �" SY|#|> '( Ê¸»Z� 1#�$¼%» {{�!= .1!#Y
 ̀ �� SM¼� ,*&, É,�Ì  , Ê-¼3 �,Z$-= �Ì;  8»Y/� �#Z� &Y {/+/» c"Z9» �{ '( )�Y Ã|> ~�Z" 'P†�» {/> �; ]6.[�/5,� �/v»

'" Ê» {�< {�= �/? )<Z> �{ Ê-iÌ^ @95 '" :/"�» 'K!"Y� '" '+/5 Z" c�/09#Y �{ '( {/> �/5,� �/v» �KI ,Z2)d(�#& c�/0"
Ê» )�|" |#G:

= 4.33 cm 3
18.1147

1835716
S

=3
16
WS

SMd =

ÄwÌe ÊuY�- 
Ì5 ÊXY�?'u{�Y{ Z% G É�Z( k#Y�> 1Ì9i¼2 , {Y| 5 , j/  '" ÊH$�" Z2 .ÉY�" Ã|> '$<�= �;  �{ k#Y�> '" '+/5 Z" �Y,{ �¸Ì5 1#Y �{

'uÌ5 &Y ,*G �Z( ÉZ2L)�Y Ã|> Ã{ZA$�Y 8°> .E# ,�Y,{ ÉZ2�¸Ì5 �{'uÌ5 L�Z%R'" Z2Ê» 8¼� LO/5 �/?|99( .8!( C¼#�(Z» É,�Ì 
 'uÌ5 1#Y 1Ì" 1Ì>Z» 5 Z2 Ê» c#&/{{�= .Ê¼  )3Y/9°!# 'uÌ5 �" Ã{�Y, �Z" '°ÌeZW G &Y �/$(Z< YmP ,|>Z"Cp'" ÉY�" Ê9¼#Y O#�� *Y/9�

'uÌ5 �Z(Ê» '$<�= �;  �{ Z2{/>.
�Y,{ �¸Ì5 ÉY�" O�Z9» �Z( {�� *|> yb-» Z")b(l M< '¸�Z< *{/" L/¸ » �Ì  ,�/5,� �/v» É,� �" Z2)bi(ÉZ2|!XY, {Y|! 5

5,� �Z( �/)i(Ê» )�|" �#& c�/0" |#G:

= 4
25

100=
ib
bi =

'uÌ5 {Y| 5 l M< E# �2 ÉY�" '( Ê#Z2 )�Y Ã|> '$<�= �;  �{ Z2)Ze(4)�Y {|� .'uÌ5 8( {Y| 5 1#Y�"Z9" Ã{ZA$�Y {�/» ÉZ2)N(
Ê» )�|" �#& c�/0" |#G:

4 = 16 ×= i × Ze = 4N

'uÌ5 &Y E# �2 �" {�Y, É,�Ì  Ê» )�|" �#& 'K"Y� &Y Z2 |#G]2: [

)21((kg) 
ee

PS

niZ
CK=eK
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 |/< 'K"Y� �{Ks�6(Y|X Ê�Z¼» É,�Ì  )kg(,Cp,Ê�Z¼» É,�Ì  O#�� il M< {Y| 5 �{ Z2 ,�Y,{ �¸Ì5Ze'uÌ5 {Y| 5 �!2 �{ Z!2
 , l M<ne'uÌ5 {Y| 5 )^�  Ê» 8¼� LO/5 '( Ê#Z2'uÌ5 8( {Y| 5 '" |99(Ê» Z2|>Z" .Z" )�Y �"Y�" 'uÌ5 �2 �" {�Y, É,�Ì  1#Y�"Z9":

= 458.92    kg 

4
144

284.917



=eK

i Z9R Y� l M< {Z "Y '15×15�KI ,ÃZH$�{ �Z( J¼� ,�/5,� �KI {�/» �{ Ê¸^I cZ�M?Y '" '+/5 Z" ,C#�ÌH" �;  �{ �$¼Ì$ Z� 
l M< '¸�Z< ,)<Z>, �H#|°# &Y Z2 ...Ê» )�|" �#& c�/0" 'uÌ5 {Z "Y |#G:

8°&1-l¿j> Á ÄwÌe 'ZG]Y 

�Y|4»be,he,Ss,S1" OÌ5�5 '" 8°> �{ Y� �"Y�cm1,cm4,cm12,cm6Ê» �;  �{C#�Ì= .@9!5 ,8°!> '" '+/5 Z"
Ê» )�|" �#& 'K"Y� &Y Ã{ZA$�Y Z" 'uÌ5 �{ @¼3 &Y Ê>Z  Ê--( |#G]2: [

= 2547 kg/cm2

161
8.1492.458


= 6 ×2

ee

e

hb
SK= 6zgV

Z" )�Y �"Y�" @iÌ^ &Y Ê>Z  Ê>�" @95]2: [

= 2451.2 kg/cm2
31)63.04(
692.4583

�
=

3

1

)63.0(

3

e
e

e

e

b
b
h

SK

�
=sktW

Z" �Ì  7{Z » @95Ê» )�|" �#& 'K"Y� &Y Ã{ZA$�Y |#G]2: [

= 4902.66  kg/cm2 = 480.78 Mpa 22 4 sktzg WV =ztV

'uÌ5 U9+ 1$<�= �;  �{ Z" CÌ¸�5 @95 Z" '$b^&Z" , Ã{Y|"G {./< &Y Z2Mpa690=YV'!uÌ5 ÊXY�? ,*Z!9Ì¼?Y O#�!� Z!" Z!2

43/1 ztYf VV /{/" |2Y/3 7/^I 8"ZI .Ê!9¼#Y O#Y�!� 7Z!¼�Y ,'uÌ5 ÊXY�? 8XY�» Ê? �{ '( )>Y{ '+/5 Ê$�#Z" '$^PY
Cs,CpÊ» O+/» 'uÌ5 ÊXY�? �{ *Z9Ì¼?Y O#�� )4Ì4X �{ Z5 {{�=*Y/9� �Y|4» &Y �5.Z" �ZÌ�" Z2|>Z" Ã|> .

<=] Á lËZ,¿ 

7|» ÊsZ" �/$(Y�5 *Y/5 Z" O�Z9$» �Y,{ �¸Ì5 ÃZH$�{ E# ÊXY�? '" @2,d^ 1#Y �{OTM 930|> '$3Y{�^ .Z!" Ê!XY�? 8XY�»
 )�Y '$<�= LZW Y 1Ì>Z» ÊXY�? �{ Ê�Z�Y 7/�Y )#Z�� .)!PZX 1!#Y �{ Z!5 |!> [Zb$ Y /¸+ '" ,� �/5,� *Y�,{ )%+ ,ÊXY�? �{

Ì5 �{ ÊA9» @-( {{�= /¸+ )¼� '" �/$(Y�5 *{Y{ 82 O+/» , Ã|> {ZW#Y �Y,{ �¸ .'uÌ5 �Y,{ �¸Ì5 1#Y ÉY�" ÉZ!2L�!;  �{ 8°!> 
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 {/> Ã{ZA$�Y Z% G lZ3 ÉZ#Y�» &Y Z5 |> '$<�= .{�/!» �/$(Y�5 '( É�Z( �Ì  , *G ÉY�" 8( l/0b» �Z( 1$<�= �;  �{ Z" �Y,{ �¸Ì5
 {�� Z" ,)>Y{ Y� *G LZW Y )Ì¸"ZI Ã{ZA$�Y cm100,4'( |> ÊXY�? �/v» É,� �" l M< �"l M< &Y E# �2 É,� Z24'!!uÌ5 

Ê» �Y�!I{�Ì= .yb-» 1Ì9i¼2>7|» ÊsZ!" �/$(Y�5 '( |!OTM 930 �Z( {�� Z" É�Y,{ �¸Ì5 ÉY�" cm100�Z!( J¼� ,
cm 10Ã| { ÉY&Y '" k4< ,ÉZ21,2)�Y *G *|Ì-( '" �{ZI 1ÌH9� .� [Zb$ Y �{ '$^PY �6(Y|!X &Y '!( )!�Y Ã|> Ê � �Z( {�

 Ê» '( {/> Ã{ZA$�Y �/$(Y�5 *Y/5 {�" �5.Z" Y� *G É,�-Ì^ )��� ,�Y,{ �¸Ì5 �Z( {�� *{�( C( Z" *Y/5 .�Y,{ �¸Ì5 �/5,� �/v» ÉY�"
 Ê Y�,{ )��� ,{rpm396,rpm169|»G )�|" .Ã| { '^ + *G 7Z^ { '" | Y/$" '( )-= ÊXY�? �Y,{ �¸Ì5 ÉY�" ÉY OÌ(�5 &Y 

,�Y,{ �¸Ì5 �/5,� Ê Y�,{ )��� ,{ , �/$(Y�5 É,�-Ì^ )��� ,{4'#. ÉY�" Y� a¸$b» 7/? | Y{�= 8�ZX Ã|> Ã|#�" NZ3 ÉZ2 .Z"
)#{,|v» , k#Y�> Ê���" x�R Ê^Ì(�5 *Y/5 7Z4$ Y C$�Ì� {/+/» cZ Z°»Y , Z2Ã| { |> '$<�= �;  �{ �Y,{ �¸Ì5 ÉY�" É�ÌW & , ÉY

 {ZA$�Y Z" '( x�R )A+ &Y ÃÃ| { {/¼  {ZW#Y �Y,{ �¸Ì5 �/v» �{ Y� Ã|> yb-» Ê Y�,{ )��� ,{ *Y/$" *G �{ ‰#/ 5 8"ZI ÉZ2 .Z!"
 Ê!» 8�Z!!X C¼#�!!(Z» NZ3 '#. 7/? ÉY&Y '" C¼#�(Z» Ê�Z¼» É,�Ì  '°9#Y '" '+/5 É,�!Ì  �!!6(Y|!X �{ �/!5,� �/!v» ,{/!>

)-= ÊXY�? Ê�Z!¼» .�KI '$<Z!# LZW Y ÊXY�? �{�/5,� �/v»cm33/4*Z9Ì¼?Y O#�� Z" 2|> '$<�= �;  �{ .

ÄCÌ,¿Z4'Z%:UÌ5 Á D�ÌV 

7|» ÊsZ" �/$(Y�5 ÉY�" '( {Y{ *Z-  cZ^�Zv» &Y Ã|»G )�|" l#Z$ OTM 930 �Z!( {�� Z" É�Y,{ �¸Ì5 cm100 Ê!» |! Y/5
 {�ÌH" �Y�I Ã{ZA$�Y {�/» .b» �Z( 1Ì" Ê^�Z9» ÊH92Z¼2 Ã|> [Zb$ Y �Z( {�� �{LZ!W Y 8!"ZI �Z( 1Ì9i¼2 , �Y,{ �¸Ì5 8( l/0

)>Y{ {/+, �/$(Y�5 k�/5 .Ã| { �{ Z%95 '( Ã{ZA$�Y {�/» �/$(Y�5 É,�-Ì^ )��� , �/5,� ÉY�" Ã|> [Zb$ Y jZ > '" '+/5 Z" ÉZ21
,2{�/» ÉZ%$��� '( |> '$<�= �;  �{ �/5,� ÉY�" Ê Y�,{ )��� ,{ ,{/" �Y,{ �¸Ì5 *|Ì-( '" �{ZI 1ÌH9� Ã{ZA$!�Y Z" *G �{ �;  

Ê» J4v» '$��� ,{ Ã| { '^ + E# &Y|9$-= .�!KI , )!<�= LZW Y �/v» �" {�Y, Ê-iÌ^ �,Z$-= }Z�Y �" �Ì  �/5,� �/v» ÊXY�?
 {/" `�Z $» �Ì  �/5,� �/v» ÉY�" Ã|»G )�|" .'uÌ5 ÊXY�? )#Z%  �{LZW Y )b� ÉZ%(Z3 �{ Z% G É�Z( k#Y�> 1$<�= �;  �{ Z" Z2

|>.

>W]Z:» 60�% 
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