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F =Fcos(f-ax) F =—Fcosf F =Fsin(zx—f) F =Fcos(f—a)
F,=Fsin(f - a) F, =-Fsin j F =—Fcos(r—f) F =Fsin(f - «)

(4) o Jsd
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R, =2F, , Ry :ZFy
S G al el g (R) el led eyt S Abasall aas -3

R=./R?+R?

(6) A8 IS ¢ ) Alstadl) (e (R) 2lS Aleanall (ua g oladl 2a -4

R
6 =tan" —L
R

Al 48y phal) -2

Cauai Jiay s Ciliadl 3aclE 5l ¢ ¥ (5 ) sia acld aladiinly Lol dliasall cpmt ally 48, lal) 020
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EGY) ¢l sl Bl (a
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(Cos Law) 45l 30 alad a5 538 aladinly ) (0ab) Sliadl (pe(0a) Jsb (e (R) )i L
DS sa

R*°=F°+ F/ -2F, *F, *Cosc

R=/F2+F?—2F?*F} *Cosa

Sin ) 4l N s o5 aladiny (R ) ddeasal G al) Ge IS G (7, B) Orfs) ) sl (%
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o A

Lami's Theorem

A B _C
sin(e)  sin(B)  sin(y)

B A (o8l Aliaall &) 5 3l o'y s Bs o L P Adati ie dlalall 558l gk 4 C5 B (A s
il e Cs

1 4ssiia ALia) 321

¢ Lgalad) g o il Aluana 33 9l ¢ (10) ady JSAN A LaS ) LD cagana £13 1 (1) Jlia

20 N

NOONSNNNNNY

40N
(10) A4 sl

:Jad)
>F, = Sumof Vertical Component = 60sin 0" + 20sin 68° + 40sin 270"
=—-21.46 N
2F, = Sumof Horizontal Component = 60cos 0° + 20 cos 68° + 40 cos 270°

=67.49 N
R =/SF2 + IF} = ,/(~21.46)? + (67.49)> = 70.81 N
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N 12146
67.49

=-17.63

Qlsll o 3 A%l (g bl dbasa da gl ¢ (11) JS& A LS gl o A5 5 68 day): (2) e
¢ lealadly

F=110N

-

F.=110N

F,=150 N

F.=100N

-

YF=110N

(D.B.F.) ,all awal) Jakaia
>F, =150sin30° +80sin110° +110sin 270° +100sin345 =14.29 N

>F, =150c0s30° +80c0s110° +110cos 270° +100c0s 345 =199.13 N

R =/SF2+ 3R =/(14.29)? + (199.13)? =199.6 N

12 :tan‘l& =tan™ 14.29 _ —4.11
R, 199.13
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R=./F2+F?—2F?*F}?*Cosa

R= /42 +62 —2 %42 %62 * C0os120’

R=,/16+36+2%4%6+(—0.5) = /76 =8.7 KN

A B _ C
sin()  sin(B)  sin(y)

87 6 4
sin120° sin g siny

ﬁzsin‘lﬁ??ieg%i\—&iﬁégé—;:ZBﬁ"
. 7 10 10

sin120° sin120°
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SAMPLE FREE BODY DIAGH

Mechanical Systam [ Freo-Body Dm;:hm of Isolated Body

1. Plane tross
Weight of truss

assumed negligible
compared with P2 /U

L —x

13

é;‘C-unlil-_-vor beam
1 i\
[_

=
A
[
A

3. Beam

Smooth surface
contact at A,

4. Rigid system of interconnected bodles
analyzed as a single unit

P .-(—'r1 Weight of mechanism
Q\-\Qr«g]o:trd

\\\—- W=mg
NN
B,

—j

Contndl) I3 AuSlSuall ALYl g i) coliibai] dailill] £ 4¥) prida gy 13 pdy JSi
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Fa F1

G )

a{ll) Free body dlagram b(l) Two spheres in

{00 w o

ﬂl}Frhﬁnnhﬂ ﬂ,‘ll}ﬂﬂbﬂd‘ﬂ

(c) Ball resting on a lw'l'm

tw
RRAERE

1(1) Block on
S 100 Free body

e(ll) Fres body diagram
o{l) A bar placed in a

hemispherical cup

lw
R
f{iii) Free body
diagram a(l) Hlnﬂinﬂ

diagram groove
Fig.5.3.1(a). Examples of free body diagram

F.B.D. o acal bbie aw o ditise diaf 14 a3, JSG

Dr. EMAD TOMA BANE KARASH




MODEBELING THE ACTION OF FORCES INTWO Dll!?’..\f.'ﬂ()!\

caly to 15e Laclatod

1’\»]-- of Cantact and Foron S & Acvionean B

Flhoxibhle enble, beit, >
fhaln, or Toeo s e — _ It Posoe sxwerted by
e e ‘,.—--"d».— n Mexiblo cablo
2 c., L::\';:.h'ﬁ +—'_- 2 - nlwoss & tensilon sxa
nis - from the body in tho

Weight of coblc [ R — divection of the cable.
ot el ble ' -

2. Smooth vorfooss
\”.\.:,\' <3 o Caominet forcw is
N - cocspramcive mewl is
° "~ Do Inal to thic aurfnee

Rowph surfncos nre
enpahle of nupparting
n targeentinl eomy
nent & (rict o

forse! e wall ae
pnurmal o psonene

N ot thie susulilant
COnNtaet foareem I

Haller suppoes
Holler, rosher, or bl
support 1Tmmarn s o
o preenive fooe
nocmasl s the
rupporting surfooe,

Collar o wlisder frev t
move wlong oot
grakdes; can muppart
toreo e aal o gnakde
n.‘llj.'

2. in conseation P | LR
frow Dot St wowunoetion o sopabile
o fwrn Lo T off mupportiog « furee
I any directson ot
FAane noarinal e the
oxle. usunily shown
I s VW oo procuseyts S
ok oo A sidos muod Prex
Lo L may Ao
supPoet a couplie A5
T Buit-in o fixed aogpors A Buibtoan ar fxed
SUBEare s cnprabile of
FuUppPOorting as axisl
Porvees A, @ Lrnnsverse
farve Vonhone fowee
pod m coupln 5
IEewdeng raommenes 1o
PUOYOnt rutalaon.

5. Cravitatianal airect om The rosuitans of
pravitational
meornction oo all
sivioomits of o body of
Gamma oo am Bl wwwa g
W e and sots
toward the center of
e ourth thirocsgh the
et s 5

D_Nprieg s bion Hprirg Force s Cens e
Tisivar Nonlloear W -ro-nr in strotche o
and sooanireasive
Hardsoang . oo pressed. 'or o
Lisoriy elaslic wpring
s e wiitloene & = e
Sa®oning force requaired o
= el rees peanE A
skt distan

Ot B pleas ¥ e 5 58 il i o (15) iy JSI)

Dr. EMAD TOMA BANE KARASH




2 de siia ALl 4.3.1

(1) Jéa
O caale 131 ¢ (16) ady JS&N A ajall 22 )
F=100N, D=04M

:Jad)
M =F.d=100x0.4=40 N.m

(2) Jia
Oa IS (b Al a9l ¢ 00185 s (B (17) by JSAY (b (SilSaal plaT)
0 aﬁ\"\}“ a“.‘-é\’ Tl ) T2 ) T3

(17) s Sz
:Jad)

(D.B.F.) sall auall Laladia o s
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IS5 O Y e jiia (g by 48V (5 8l QLS jo g sana

>F =0
—T,sin35" +T, =0 )
+T,c0835"-40=0 (2)

SIS 5 Y e jia (5 s B3 ganl) (558l LS 50 g s
ZF, =0
—T,+T,sin0 =0 (3)
+T,c0s60-50=0 (4)
O giited Yol s (e
T, = 40 _ 48.8 N
cos35°
T, =T,sin35 =48.8sin35" =28 N
T,sin@=T,=28 N
T, cosf@ =50 N

tané = @ =0.56
50

0 = tan(0.56) = 29.3°

50

T,=——=57.3N
C0s29.3°

Y8 g gl duilg) gLl )

T,=488N ; T,=28N ; T,=5/3N ; =293
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O O Caale 13 ellin Adlaa dpapaa dic daplaia A (T) Al 3 280 ded a5l / 3 JYa
€ (18) o) JSal A LS ol 3l s 3 a5 (NK4.66) 5 sbos dial

R

e gy e

sl le— 0,12 m

4.66 kN Jf

10 kKN
Free-body diagram

M, =0

T 08 25° x0.25+T sin 25" x (5 - 0.12) —10(5 —1.5— 0.12) — 4.66(2.5— 0.12) = 0
T =19.61KN

SF,=0

A, -19.61c0s25 =0 = A, =17.77 KN

SF, =0

A +19.61sin25° —4.66-10=0 = A, =6.37KN

A= A2+ A = A=.(17.77)?+(6.37)? =18.88 KN
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LS 31 Al 5 Aol ASlSsa R glate 6 (A, B) Bl 3 Jedll 35 2551 /4 Jia
€(19) B, sl 4

60N

Al ABall 8 LS a5 gl ) YV Alls 8 A Adadi J s 05 g2l £ sene
>M, J,=0
90+60x1—-N;x0.75=0

N, = 90460 00N
0.75

SF, =0 — A, —200sin30° =0 — A, =100N
SF, =0 — A —200c0s30°—60=0 = A =233N
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Inclined
surface

Dr. EMAD TOMA BANE KARASH




2549, Jsd

AV JISE Al olal 5 dad 3a ) / 9w

2p

Dr. EMAD TOMA BANE KARASH




Dr. EMAD TOMA BANE KARASH




G50 mm

38 a4 Jed 3748 Jsii
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$iliall ()35 Jably (40) JSA G ALinll (A, B) A i Jadl 35 3851 /130
Given:

Fj = 600 N

F» = 400 N

= 15 deg
ad =4 m

=8m

Iﬂ
S Y

40 29, Jsd

£(41) b, JSill O bt Jsa pgjall diana an 5l / 14
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Efficiency

Efficiency is the ratio between the useful power delivered by the motor and the
power that you supply to the engine. In most energy conversions energy gets lost
(usually in the form of heat). We call this lost energy “losses”.

n=P,/ P [W/W]

With P,: useful power output
P,: total power input

Efficiency has no unit and is usually expressed in %.
We calculate the efficiency of the LEGO engine by dividing the useful mechanical
power output by the electrical power input.

n= I:)mechanical / I:)electrical )
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/22

a solid steel shaft 4BC. d = 50mm omes Pl am e

motor A transmut SOKW at 10 Hz b j ]{ i

= 35kKW. P = 15kW y  agEl

it
determine Tpe and ¢y G = 80 GPa

Ty=TI6Nm T3 =557 N-m

796 N-m

T=T30 N-m

e i

2710

\ Ly ‘\;

similarly Pg =35 kN I3=557 N-m
Pc = 15kN ITc = 239N-m

then T8 = 796N-m Tz = 239N-m

shear stress and angle of twist in segment 48

16 Ty 16 X 796
TAB e —_— =

32.4 MPa
7d’ 7 50°
b = faslas Pox 10 = 0.0162 rad
G, o A
80 x 10° — 0.05
32

shear stress and angle of twist in segment BC

16 Ty la x 239
TRC - _— - _— — 0.7 MPa
Td? 7 50°
T L 239 x 1.2
bay = _—CBC — 0.005% rad
G I o 7T 4
B0 x 107 — 0.05
32

Tyg = 324 MPa

T X

dic = ddug+ de =0.0162+ 0.0058 =0.022 rad = 1.26°

Dr. EMAD TOMA BANE KARASH




= 30kW. Tar = 42 MPa
(a) n=23500rpm. determine o

(b) »n=4000 rpm. determine d

60 P 60 x 30 kW
T

2an

16T 16 T 16 x 573 N-m

7d’ T Tall mx 42 MPa

= 41.]1 mm

60 P 60 x 30 kKW
- = 71.6 N-m

2mn 2 7 x 4000

16 x71.6 N-m s 3
— = = RK68x10 " m

T Tan X 42 MPa

20.55 mm
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135l sabeal) alkal jualic 9.5
Elements of Pins and bolts governing

BASIC BOWED REINFORCED HEAVY.DUTY

( > N5000 ‘5101' 5115 5160

250—100 10 3 188-1.750 in : 094— 1010 3942010
Sue Size Suze

sa—2se0mm | EXTERNAL | ™[ 26 404 mm | EXTERNAL

Range Range

INTERNAL o EXTERNAL 10.0—50 8 mm

BOWED BEVELED BOWED £ RING CIPRING®

< > N5001* 5102 5131 ;
For housings and bores For shafts and pins For shafts and pins For shafts and pinsg

size | :250-1.750 in. Size |10-100n 1101375 Sore 156 -1.000 in

254 254 0mm | EXTERNAL 28-339mm EXTERNAL | #9R¢ | 40254 mm

R,
INTERNAL | R2"8% 64 42 4 mm EXTERNAL | "O"8¢

BEVELED CRESCENT® E-RING GRIPRING®

*N5002/ * N5003 5103 5133 5555

For housings and bores
TD=100 T For shafts ang pins For shafts anc pins For shafts and pins

Size |° 25.4—254.0 mm Size | 12520 Size | 04013750 size | 079—75010n

Range TEe 28T in
INTERNAL 35828 | exrernad | Raee Raoge Range [ 0—19.0 mm

32—-508mm EXTERNAL 1034 9mm EXTERNAL

CIRCULAR CIRCULAR RADIAL GRIPRING* HIGH STRENGTH

5005 5105 5135 5560*

For housings and bores For shafts and pins for shatts and pins For shafts and pins

sze | 312—20m sne 09 —10m . 094 3751 sre ] 101—3281n
INTERNAL | Ravee . ExTERNAL | FonEe 3 EXTERNAL 6 [Za 95mm | exvernaw | Ranee o

INVERTED INTERLOCKING PRONG LOCK® PERMANENT SHOULDER
» ] L 4 -
5008 5107 === 5139 5590
For housings and bores For shafts and pins \ = e For shafts ang pins For shafts and pins
size | .750—4.01n size | 469—3.375in Size | 092— 438 1n

250 7150
Size
Range 156 101 6mm | EXTERNAL | P[5 85 7mm | ExvernaL | Ro"8¢ 3 EXTERNAL | Fange [64 190 mm

INTERNAL

BASIC INVERTED REINFORCED E-RING
( : *Non-Stocking Ring Type
5100 5108 5144 Available on special order

For shafts and pins shafts and pins For shalts anc pins only

size | 125—1001n 5004 0 1n Size ] 094— 562 in
Range s, 25a0mm | EXTERNAL 127101 6 mm | EXTERNAL | R378¢

EXTERNAL 24143 mm

Jsidly palwall G (20) a4 S8

Jlerivl JSY) Hglae S5 aie 5l AS jaiall Clasll @l LSS0 o) 3aY) A die 234
A gl dabiaal (o) ) cliladl s Jall cailay ) sal

38l J&5 il JW& 10.5

Al ol 5aac Y1 b ol U i ¢ g Ailiaal) JISEY) G (21) JS

=y

(b) Acme stub

ﬁi f I‘ e

(¢) Square (b) Modified square (c) Butress

Aliiall 5ac Y| 4 5 480 Jii Glind £ pil Lilisal) NSSY) (21) ady JSS
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Design of shafts: 33 Y) aradi 11-5

For ductile materials, based on strength, is controlled by the maximum-shear
theory. Shafts of brittle materials would be designed on the basis of the maximum-
normal-stress theory. Shafts are usually subjected to torsion, bending, and axial
loads.

(Lroa ) ) &) saall Jaalll g eliaW) Jlaal col i) Jlaal ) (i i L sale | glaal)

1). For torsional loads: 4 il Jleadd

The torsional stress, Ty, is: sV ) paill dgal 7 M, 65V 6 e

Ty = (M)/J = (16My)/nd®  For solid shafts

or T,y = (16M,do)/m(d,’-d;*) For hollow shafts

2). For bending loads: sUady) Jleal

The bending stress o, (tension or compression) is: cliaiy) Algal
6, =(Mpr)/1 = 32My/nd’ For solid shafts ka3
ob = (32Myd,)/m(d, -di*) For hollow hafts «isae agas

M, sLsWVlaje

3). For axial load: $ 94 Jaad

The tensile or compressive stress 6, is:  baall ) caudldleal - Fy ol casill 548
Laxall

6, = 4F /nd? For solid shafts
6, =4F./n(d,>-d?)  For hollow shafts
dg gaall Jlaal g sUiaiN g o) g Jlaal J»Jﬂhgédw dgas ad alag) dlalaa

The ASME code equation for hollow shaft combines torsion, bending, and axial
loads by applying the maximum-shear equation modified by introducing shock,
fatigue, and column factor as follows:

2

16 aFd (1+K?)

d?®= kK M, +—2a-%o +(k. M, )?
o] 7Z'O'S(1—K4)\/|: b b 8 :| (t t)
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l

. (A =L /r)<115
1 - 0.0044 4

For solid shaft having little or no axial loading, the equation is: 2l 3 gall Aalas

16
d3:7[—63\/(ktMt)2+(kbe)2

K=di/d,

o,= allowable shear stress, N/m?= 30% of the elastic limit but not over 18% of the
ultimate strength in tension for shafts without keyways. These values are to be
reduced by 25% if keyways are present. g seall (il Jgal

do= shaft outside diameter, m  _ialb (s )&l ) saall Hlad
d; = shaft inside diameter, m il Jafall ) gaal) o
ky, = combined shock and fatigue factor applied to bending moment
slini¥) el GBlaall Canll 5 adeall Jalae
k. = combined shock and fatigue factor applied to torsional moment
e) sV o 3al Budadll a5 aaiall Jalae

The following table gives the values of the factors ki and k; for different loading
conditions of the stationary and rotating shafts.  Jaeles o (oo J s

For stationary shafts Ky ki

Load gradually applied 1.0 1.0

Load suddenly applied 1.5t02.0 1.5t02.0

For rotating shafts

Load gradually applied 1.5 1.0

Load suddenly applied (minor shock) 1.5t02.0 1.0to 1.5

Load suddenly applied (heavy shock) 2.0t0 3.0 1.5t03.0

Agallal) (§) gu) B 53 giall Saluall o)) gal) Bas (e Adlida £1 5 Audllll plaall cs (1) S92
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Standard sizes of shafts

Typical sizes of solid shaft that are available in
the market are:

diameter T increments  IPTSTIN

up to 25 mm 0.5 mm
25 to 50 mm 1.0mm
50 to 100 mm 2.0 mm
100 to 200 mm 5.0 mm

Y iy s Al 3 e (e a8l 3 Uall Al Gus g yis 3 a gle dla jeaa p JUa
200 M\wﬂ\#}W4OOSJu‘#u‘Q&\J\cd&ﬁ\@\ASJM\LAQaJP)A\
¢ Jlaal ol Jeatl anladin) cal gl el Hhad Cras) yiala

1000 N

ball ) mall A adais Bearing

._..+.._.._.._.-... e
Q E
W=1000 N

400
mm mm mm

Mo_Mx2rxN- _ kW x1000x60 _ 9550 xkW
1000 1000x60  °  2zxrev/min  rev/min

Power =

1) For belt drive: The torque is 2) For gear drive: The torque is found by:

found by: M =FR N.m
M,=(T,-T,)R, Nm F :_ F'
Where: Where: , =ritan a
) F, = tangential force atthe pitch radims, N
F_=radial force. N

T, = tight side of belt on pulley,N

T, = lose side of belton pulley, N R, =pitch radivs of gear, m

R, = radis of pulley,m & = gear pitch angle, degrees

d
—

2
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Example: solution

Torsion: ol G\ﬂY\ PJ.Q
To = 6000 x (Dpinion/2)

= 6000 x (200/2)

= 6X10e5 N.mm
OR 3 _Mall ¢ ity ps
Tec= (4000 -1000) x (Dpulley/2)

= 3000 x (400/2) = 6x10e5 N.mm

Bending (vertical plane): g gandl liady) a3

AN C K
200 mm 400 mm 200 mm

Rav Rev

6000 N

Rsv= (1000x200- 6000x(400+200))/(200+400+200) = -4250 N
Mov= -4250x200 = -8.5e5 N.mm
Mev= 6000x400 - 4250x600 = -1.5e5 N.mm

Bending (horizontal plane): g:sé‘g\ sUaiN) a e

A. A
200 mm © D1 200 mm

Ran ReH
Y2200 N

5000 N
v

Rew = (5000%200 + 2200x(400+200))/(200+400+200)
= 2900 N

Mow = 2900x200 = 5.8e5 N.mm

Mecr= 2900x600 - 2200x400 = 8.6e5 N.mm
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Bending (resultant): D kil xie Q) sliad¥) o 30

M, = \/{ M, )E +(Mpy)

=10.29%10° N snm
Similarly, C kil sie N plaiN) oo

2

M= (15%10°) + (8.6x10°)

=8.73%10° N.mm
araaill D Abdll) sie Jlaa¥) HUdl dded C Adakil) die sl aje e ) D Aalll) sic elad¥) o je 4d) Layg

Since Tc = To and Mo > Mg, section-D is critical.

@ = = [(Kpp-Mp)? + (K, + M,)?

T Tyl
1 vl il slgn) 5 JISH Jabaa s pteall Jaloe Cul 2 w525 ASME _ubae sl (00

ASME code:
Under minor to heavy shock, let us consider

km=2 and k= 1.5. Also let us assume the shaft will

be fabricated from commercial steel, i.e. Tallowable =
40 Mpa.

e 16

3 \j{'leo.zgxmf)j+{'1.5><6><10")3
' 40> ¥V° '

d, = 65.88 mm

The value of standard shaft diameter is 566 mm.

Sada 66 skt athall Shaft alall jgaall 4ad o))
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L 12,5

¢ il an i £ 53 JS Lo ga g )l Shafts Ol osall saas) £ 531 AL 110

£ Baee) pua (B dasiiniall 3 gall ALa 12w
Bgadl) jglaally 5aas) & jaas AL 130
ogbally Olugall Baes) Ao B gall 5 s8N (AL 14 m
: ohle e 50

¢ Badatia da yaia jUaBl Baas) ¢ daata jUaBL Baes) ¢ dakag A Cila jah 3aes ) ¢ AL gla Baas
L A0 pal) BaasY) ¢ Add)atal) Saas Yl

o) Y] Lo 5l 5 an 1 aa Lgauia g 488 yal) BaeeY) Ala 16 m
fgnle il g Baa) g s sy da Lgaula g ciliaal) Baas) Ala 17w
feijal¥) Ao adlill g am ) aa Lgaua g Baddial) 3aas ) ALa 18
flgilaladin alag lgd e §gill g sralusall ALa 19

Tlgia Adlida £ i) auay pa Jgiall g gralusal) alSa) palic aAla 110

AN JlaaY) 80 ciat A8 gaa 5 Al g Balia [ glaa gé Galga) clead aalea GS) 211
Torsional loads ¢! Jwal -1
Bending loads stadl Jlaal -2
Axial loads ( Tension or Compression ) 4, Jual -3
Gl aa) B 58 giall Balual) o gl Baas ) (e Adlida £ 93 Apul Bl yulaal) G J 90 ae ) 1120w
Sdallal)
AAlAL) Baas ) 5 ARl JAI i g ol AANSAl) JISEN) an ) 113w
£ ¥ (A Leliii g & jaa 3 jla (e 8 a8l 5 Ul alied Cum g 5 Ma Ao Axle ) g3t 14w
200 suall Gu il jhd g siada 3300 5 all sk O Cuale 13 ¢ A A LaS ) gaall o B g gal)
¢ Jlaal o3a Jaadl daladiiad cual ol i gadl jsaall o Ll g AAlal il cacal jiaila

- 1000 N

O B("ﬂg 1
€ ))-- DR sy sy By p—————
A_
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Coupling «u &l 6

. L . - L . i
Aled Jaa g 435 CDLa S 2230 ¢ Sasie JISAT ol LT ) Silyd 5 e Sl

- £ 3

2268 Laalasl ey o agil gl sl gkl S Jaeanll ¢ pimadll Lgzaay aa 2hac Yl

5l s A1,

Y aladiad 1.6

—r LD el e S A A s et s

]

_1_17'_} J.'ILJ.._.-:._'aL;.IE...c?r L {-\._IJ;"T'_JJE.‘J .i-i_J:-_a_gl Lln_p..c_-; .i‘I_J:._aS.} l__d-:ug.'.' 'Laid_.hx_llli_nihﬁh_g_lalg_.]-l

.-;._.u:._::.:fl_lrll -5._'||_|_.P il :'_:,:.1.1 KT _9' ,‘_!LL.EII Lol dgm g 2O '...:5":._'.'

ctoaliall Jaalhgalyy die (Sldiall & ol oGl gl asdaad asal) Aileall Hd g0 .2

-

i - e " E . . L N £ - . - - . . i B ot
s B sl A e bl fpagen) G et gl Gl sie Gpapes G A5l 8 i8] 3

,I:I._..:.,:,.J_.gl.:._.:. ‘l_ll;'l:'l L_‘i|_r|;'..j:| A g g Al
LY A W 8 g5 caal gl cldall 2,6
—: T lpanl oadl gl Cildia Sae aa
.I.I_'l_‘_l'lﬂ_r'i“_!. .EIE_IJ :"IJP.E_._.I .1
(25 G - JelSIl ol paall a4 5e J8 L2

A ow - I LA ALY ]
-bJ_.:.LII;-I'J_?LI"__._{-;J‘,'_-;J'_‘-JE .3

Types of couplings <@l g)sd 3.6

2 pllaall 4508 gl CENERL Lpie JS Jadi) Gabiay AN @l E e dabae JISET aa

- . | T . [ i a e 1= n o -, " .
=i Laa Gl e gd ) SU SIEN Cagial SSang 0 Lpdal e

S el la

St il la
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Rigid couplings 4LGl <@l 1.3 .6
Il g gl uih leg olod¥I uid 2 5yually i yondl S50 2535 ANl oy
Coam L ygnll 53050 algay LIl BHAsY! W yma s Lo iyl J3U g pall 1
Ay gemgdad of Hamee e Gligs=s
(Blaall gdl) (al B cd dladal) 45 A ]
ibye Lo yaieally ddslall doguSl emmt oo Slollall macuill ol )37 e pical
Slalou¥l aies 2 Lehilie Luilad (J] (5030 e LaMs Ls 5

Foil 108t e BV LSLS s ol ;3N sla] wdls g lliag

ﬁ&aﬂ@wﬂ/uabﬁ/dljwlﬁaﬂ/d*y(l)ﬁﬁbﬂ

LSLad) Jlaadl a8 euld Aabuaiall 45,80 2

>
o
3 .

D

o
1l

|

Lol Jual) Sl ) <l duleaiall A gl) Gy (2) pdy JSi

AV s sy 2Bl alad fem 2 lallas 33k i
oAl Yo clpatae Cgala pamaddoy iy LSl Ladls sl Jlos 5yl g
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ddaUaal) ail gl uld duladal) 4581 3

Lblball bila gt ol 3 i ddaial) dbua ol S (3) pdy JS

VL dasd dgbollae ALy iz L AlBY Ledizg

dsalgd) Agh b Auluadall 45 \BY 4
Ao yemme Ol Sigusu 7:.4.....33&1."49...':1\9 Sleaall wes e Jaas

|}
(¥

===

@)

Liskgly A28 3 lucrial) alGN Sy (4) pd) S

o g palisa i s
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dalial) ddalaall dbaial) 43,84 5

zsb Shis Lo bl el (smmusmlalad¥l jes 20 Oje iliads Aoy

debiral) Lblbal) i duaial) (i@ G (5) ad) JSG

Movable couplings 4S adidl <l @l 2.3 .6

B e e e sl aje JE Gan g ) pisen deap b3S el il AN it
lei il p Saec) Jighl 8 Gahll @ il Gl s a0 e o albie AT 65 )
s IS5 ) Lol

s3a oIS ¢l Saee) s B 5 i UL dpm g A ekl Gl mad
I_‘J|_’|_9J._I|'| _::_::.E_ ‘_El_'l.ii -:._'I_J..-u. E-_".In_.n__'l |_5_Ir_'-.'|_". Cpe Sy je I_i_._:'_'l_'lr__'l L'JL.'_':'I SN ¢ ;—..'_J_'g—"“-"" _;| :1__|_-g'|_::,__'| L:il_':-'l‘_':;l:'li?'l
s Yl Ablas e Jeat LS o (52eeY) G 5 ymea Lig) asas) SaeeY) Cililas

.5.__|f||;_.j.'|| ;_,rll.a:..[ﬂ'l L ;.n_'lx.]_fll Ciletiall

s & £ o a . ok o
AL Lol A SY Lm e b lad o sane JIS 3L AS el @il 2 aa g
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The toothed coupline : audidl a3;En 1
e oo tobe O JRANG dameal GGl LEN S Gl 3
Ol JEE e 35 0 Lagie JS JEAN Sl ghaual 7y JalT

£

Sl (30 ol S 1 ook Bk S Ao g (wigec A8 e Jaea gl Lpaladti) aic)
hiladl . b jlaalis) Al adadll T LA ey i Bpaliean A LENYI 5 IS el
gy s iall Aoyl e AN (Aladll T 3 a0

Jaul 3 45l e a0 el aa 2 jall SlEid) sgeall e (3150 3 4 AN e BN

e il A pa o AB el e AR GG b a3y L 2l aliid) el ) o el e

i JSdi o g Lagia S i pliLiLe Gyl (o A g8 Lulin )15 () a9 JSi
R L I T TP S |
SR L SEN gl
(1 G spaad o Gl L DN e IV 6 el
(2 Y sgandl o 350 ) . AN e BN 6 R0
) A YR DR T A PR P PR U JOW- S
(1 B G ) L Al S
Dol ek

Cp o A1 s b FL]&Z:.?];L&M:J; A=l g JMCHJM;DW\EJJEBG@&E

sl Blga wc) o 64 Sgaa Jainall g ) jall sodll ol o (Alea 5,a3) D50 Sie

box BRh

wf Jimansl

a2 1B B G BIS 8 aga s e STD

The flexible coupling : 45 0l 45,50 .2

A ¢ A5 A0 e (Jesllsalyy Alls 8y ¢ foala ) 50 2 e A A5 a0l &G lEl

.;E_;.:-l'l I_];_Il .;'I_:H-._rl IFII'E' _J'l_JJ_:-_'li ‘;l;: -\il_g\_'l;\. ‘_'.I_-g-\_". sl_.'l_'l.ﬂ_ll.l ;-_".Imj'l é_}_ﬂf‘&
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The toothed coupling : Al 43N 3

ssandls 1 o jall ufy . o) ol B e AN JSEN da e el Jinad) 5 5UEN o 480
Ca E.E.Jaj .,_5_._-....;—._;513 -a.‘h;h.l_gj'l -:._Ilj;l-..l] Jaxlig < alaiall J_g.na_lll_ll 2 :-j;.'-l] I\."_'IEIT_I Lalss KA

.{5_}_.]‘15...& -a_ﬂl_gl_:y:' . _H_-L..a l._-l'l_rp_'llz.__'l KA J_;mjl a_'-_'ll Aal

Liicwal) L8 (7) ady JSdi
A5 AN e J e LD
AN e JEN e a2
Ak gl At 3
The joint coupling - dwadll 4@En 4
L . f * o " = -
saacy) Jooy (B Yl A8 el Gl EN £1e8l aal e Aladall L0 00
.-;jhi.ah_'_g_:th_.'g_-_llL'jc '._i_._.’-_-n;r__1l._-'l_'|:._'l:|~7_'_"|j'l _ﬂla—.";.'-'-""'l:"_P.IjJ." L‘|.I-_-|;.-__'|_I|| |_i_._l-_-|_1_lll_".;|5-ajj:._'L.nl'l
¢ Al liSley ¢ Sl 3SRl J8 5 el B Aliadad A aadns
slaall 220l e g 0 3 LS g Lzl g ¢ Zalall
Ayp Sl Alpaddl ESLa Gl b D) L Gplud e gl Aluadd) Gl BN an g

(sl 4 510

The spherical joints couplings 43S dxduaiall cBla gl cld cili &l 5

Q‘)l..._a_g‘:._'u:. LJ.A‘FPII:II] .\_E.li.ll'l_ll-;_"._..a_g.n_lﬂ 5|_,|_9_JE_'.1 ;lﬂh.aia.lﬂ a‘:“_l.ﬂ_p.lll ] &} :L'I_Jl:i.lll I:J_;SII

.;lh.ai.n

deadl Cag
-;.;-H_:.j\_,__-':.f..;ﬁuj.ﬂm; b geall Sl jaall ald o) jaall 2 e JE01 &5 IEN sla Crasia

. _}ﬂﬁl illln:l:liln..n._'l ‘I;I_I‘I-:'.:;:Il.l Dl gamayg s J_gl_“n.d..lll AR | ~Tlilj'| ~LI'|_"|I.‘I£'L.&_II :15_.];_“ .,__,.r;."l
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Ly g N Lbadall Ol ol ld Sl S (8) a9 JSdi
The universal couplings 4sladl 43 ,4Y 6

£ o - » s £ -
L3k Ih__'_rllli_"l'I .\_Eufll_ll 5.;.....';._;...:..'.1 -al_'*l.rl...ajll ;.l..a_gjl._:l _gl -IE._J;'._I.J -Ln..-a|_':.._|.'| -’-l..a_-;]l_ll Ln.lﬂlill Lt

I;;.-.I'I.:l_}ﬁ- n._IJ;':" '._!L..ajll -Ili_l.__l'n......_gI R {h:L ;_';'...a.j_g__:] -ET"_HE .,__!..a.'_-.._.a.:" ;eju.did ;Ll‘:‘n_..a_-; L EJ'I&-

- vy 4 iy i " i " . v e’ 1 " 3 i 21 1
l_;,l_';_-g-._-"n_T-Tun_J_g_ﬁ_.e ._]_-;_1 ;_H_'l_g..n.:r_"l e H;II_JJ.J ..._J_}S; LEJ;I_JJ_'I L)E-_giu;ur_al_-_n L“ﬂ—,.'_,l_‘ﬂ—““—‘

.I._-._.'_'n;'lln_;._p.:-_.n‘_!_g_x _F:,-_:..;_‘_;'l J_:;-_-._.d'l

ASSia draly L5 (9) a9, JSd

. Adlia S T [;d_,. =l 5..1....|_~|._'1 -:.'n.n..-.i_.ﬁlj -i.u-.l_u."l il AN aa
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Advantages of universal joint : Axekad | do)lad) ol ks

—1 W gl ol e Tamg Saalall 5 EN e
Aakaliiall 32N S Jia gl L1

lagin gl 3 et oL SaacH S 38 a0 s e 145 508 2

Disadvatages of universal joint : Anebad! 43y EH o s

—1 S a Ll D3N g nal e

Gaec) Bl etV 2aly 5 aie AS el JE5 AU aae W1
EJggﬂjﬁil\_}ﬁuﬁleﬂ1E_}5ﬁ\;ﬂlﬂ:lJ.ﬁrL-2

il Gl gt B el slga) Jalaid L) c¥slaal) 4.6

Basic formula of shear stress analysis of bolts in coupling
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To find the torque that can be transmitted

T, =S =0577S/Norz.=17
sy y d~ Call

7= 0.185 or O.SSyIO (which is lower/small)

Nb: number of bolts

Db= bolt circle diameter

@ =2m/60 rad/second
P = Power, kW or hp
n=rpm

K= service factor for machinery

To find the required bolts diameter
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.C1, Cy Hlsall dadd cBlalaa ¢ (1) ad) Jota

>
s

Driving machines

cleciric rmotors

iuroornzachinery

Haciprocaiing engines:

A-cylinder

g-cylinder

Driven machines

Vlaichina tools

rolling rriills

olowers

Taxilz rmachinary

roizry ournos, cormnoressors

rdciorocating ournops, cormorassors

Paozr mills

Mixing rnachines

V/ood procassing rrnacnines
lzciric gznaraiors

noisis

EXAMPLE 1:

An electric motor is used to drive a blower at 600rpm. The shaft of the motor is
connected to the shaft of the blower by flange coupling. Calculate the rated power
of the flanged keyed coupling assembly as shown. Given that there are 6 bolts of
diameter 15mm with allowable shear strength S, 210MPa. The bolts circle
diameter is D, = 150mm

Area in shear for one bolt is

Allowable force for one bolt is
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The torque that can be transmited by six bolts which are at a 75mm distance
from the central axis is

Therefore the rated power is

EXAMPLE 2:
A rigid flange coupling used 4 bolts. The bolts circle diameter is 125mm. If the

bolt has an ultimate tensile strength of 550MPa and a yield point in tension of

345MPa, determine the bolts size if it is to transmit a torque of 2kN.m .

Solution

tar = 0.18 S, = 0.18 (550 MPa) = 99 MPa
or ty = 0.3S,,= 0.3(345MPa) = 103.5 MPa
T=2kN.m ; Ny,= 4 Use ty = 99 MPa

Hence from Table 8-1, use M12 bolts.
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dLalud) & 2l quad 5.6

2 Lad ol yall Al Y i Gsdita e s a g aliall gl )3 e 28l ol G Sy
Ao )M AW oy s L )5 Ll 3 geal) 13 asia (S5 gl Jlanie Al g0 g8l 238 s
iaiy daany ol palle g3 ciia 2la 500 A 200 G oY) Cre 3 saall 138 gL ) ) 3
8 ey AT (e 2l sl yday a3l Gl ae i Sl dge ) 3l Colasall aal e Gy el
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Power-takeoff (PTO) power is power required by the implement from the PTO

shaft of the tractor or engine.

Typical PTO power requirements can be determined using rotary power
requirement parameters available from a number of sources. Implement power

take-off power can be calculated as 338} 3ala 2 gac 3 )28 (538

P,io=a+b.w+c.F

Where:

1) Pp.o is power-takeoff power required by the implement kW (hp); 43U 5l
2) w is implement working width, m (ft); JLill ia pall
3) F is material feed rate, t/h (ton/h) wet basis; 3 gall 43330 Jana

4) a, b, and ¢ are machine specific parameters (Table) &Skl sf A3 saae O lalas
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LA )3 Y ciliatal 433 ) gal) 3 a8l cilitlaia <) e (i (4) AL Lgda

Parameter Parameter
b ¢ a b c
Machine Type KW/m KWhit hp/ft hphiton

Baler
Baler
Baler
Baler

. small rectangular

. large rectangular bales

. large round (var. chamber)
. large round (fix. chamber)

Beet harvester’

Beet topper

Combine, small grains
Combine, corn

Cotton picker

Cotton stripper

Feed mixer

Forage blower

Flail harvester, direct-cut
Forage harvester, com silage
Forage harvester, wilted alfalfa
Forage harvester, direct-cut
Forage wagon

Grinder mixer

Manure spreader

Mower, cutterbar

Mower, disk

Mower, flail
Mower-conditioner, cutterbar
Mower-conditioner, disk
Potato harvester

Potato windrower

Rake, side delivery

Rake, rotary

Tedder

Tub grinder, straw

Tub grinder, affalfa hay
Windrower/swather, small grain

L= == == |

£ LR LN £ £ 0 £ 0 0 £ o 0

OO OO O OO
(%3 2 MO

o o —
[i=}

= O O O O O O O

n
=1

4.5
8.0

5.1
04
20
1.8
0

0

1.3

1.02:'
13
1.1
1.8
0

0
3.54]
1I54:|
0

0
2.3
0.8
1.1

£ LD 0D D £ 0 D O O £ o 0

[=J = =1

o o O O O O O O O O O O

oW o O W -
oo oo o~

== N =N =N

B
.

= =]

[=3=}
wn

102
1.6
13
2.2
0
0
449
o g%
0
0
2.8
1.1
1.3

= === ===

"Range in average power requirement due to differences in machine design, machine adjustment, and crop conditions.

UIncrease by 20% for straw.

“Total power requirement must include a draft of 11.6 kN/m (= 40%) for potato harvesters and 5.6 kN/m (+40%) for beet harvesters. A row spacing of 0.86 m for potatoes
and 0.71 m for beets is assumed.

“IBased upon material-otherthan-grain, MOG, throughput for small grains and grain throughput for com. For a PTO driven maching, reduced parameter a by 10 kW.

Throughput is units of dry matter par hour witha 9 mm (0.3 in.) length of cut. At a specific throughput, a 50% reduction in the length of cut setting or the use of a
recutter screen increases power 25%.

Caale 13) ¢ 3,08 laie caws) Combine corn 33 saals 15 08 Jan 5 508 Ml agae 11 Jla
¢ yie 3 Jlill e yall gdele (SO a3 o) sall 53l Jana )
a,b,c sl adz Alud Jsall e Jal)

(a=35Kw;b=0Kw/m ; c=1.6 Kw.h/t)

F=3Ton/hour ; W=3m ; Ppi=7?

P,;o=a+b.w+c.F

Ppto=35+0*3+1.6*3=35+4.8=39.8Kw
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el Baler, small rectangular 3 s e dulS ) 508 Jayy 308 ale 2 5ae 12 Jia
¢ yie2 Juill o yall gdelo JSU a1 o) sall 03l Jara o) Caale 13 ¢ landly 3 a8l laba
a,b,c sl ad e Al dsall e dal
(a=2Kw;b=0Kw/m ; c=1Kw.h/t)
F=1Ton/hour ; W=2m ; Ppio=7?

P,;o=a+b.w+c.F

Pp.t.o:2+0*2+1*l:2+1:3KW
1h.p=0.746 Kw
Pp.t.o)h.p =3*0.746 =2.238 h.p

Juaally 33l Hlaie cawsl Potato harvester WsUay dla ) 3508 Jay 3508 3ale 3 see 13 Jlia
¢ yie 2 Juill o yall gdele JSU a2 o) sall A0l Jara o) Caale 13
a,b,c sl ad g diud Jeadl e Jal)

(a=0Kw;b=10.7 Kw/m ; ¢=0Kw.h/t)

F=3Ton/hour ; W=2m ; Ppi=7?

P

to=a+b.w+c.F

r

Poio= 0+10.7 *2 + 0*3 = 21.4 Kw
1 h.p =0.746 Kw

Poto)hp =21.4*0.746 = 15.96 h.p
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Schematic drawing of a cone clutch:

1. Cones: female cone (green), male cone(blue)

2. Shaft: male cone is sliding on splines

3. Friction material: usually on female cone, here on
male cone

4. Spring: brings the male cone back after using the clutch

control
5. Clutch control: separating both cones by pressing
6. Rotating direction: both direction of the axis are
possible

oA yaildl o) G (1) pd JSd

hgAall SIS () iy ki

1-Uniform pressure theory —akiiall Jauall 4,

L

T = :
3 sinp |D* — D?

I
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2-Uniform wear theory — alilall old gud) 4y a3

4 R

P = 2z - 07|
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N=600rev/imin B=120/2=60".Do=008m D;=0.02m n=0.3
Power P =200 W

UNIFORM PRESSURE PEM\ Ll
2w N.T

60P 60 x 200
= 60

2n N 2m 600
_ uR [Dg -D?] 0.3R [0.083 ~0.02°
~ 3sinB D2 -D?| 3sin60° 0.08% —0.02]
3.1831x 3xsin(60°) x [u.usz -u.uzﬂ
R = . .
0.3x |0.08% —0.023 |

T= =3. 1831 Nm

]

=3.1831

=328.172 N

UNIFORM WEAR ?B'.'\.'\A\ O gaad)

__HuR
- 4sinf3
_ Tx4sin(pi _ 3.1832 x 4 xsin(60)
~u(D, +D;)  0.3x(0.08+0.02)

T (Dy +D; )

R =367.553 N

Single — disc friction clutch oAl 3 i SiaY) paddll 2.1.1.7
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Stop pin ~
Cushion springs ~
Parts of a clutch disc

J«aﬂ{;dnﬂ/ﬂbgﬁ'uaﬂ/yia&&/u&glﬁ;{jglw (3) Al Jsd

G b s ALy ¢ Lol Bt ) A slau) ey " meall " Al gall Alaie A, e il
At ) 431 a1 S a5y (4) S5 ¢ Giaddl ALadl) A1 oyl s giall (Fhos o Al
ol el

Dr. EMAD TOMA BANE KARASH 120




plilt e 4l g duusai Jf 1l s GlSa iy (4) pd) JS

i ypeile Lualal! Lgtilgs (pa gy Bpuacd Tusnsly Blglanal (ye Luvudiyll Alall sy o
dde () (ulim 0 Bl g8 (5t e a1 Aulall o 391 LgB)lo (e JuaTs
el oo a8l dadnll alsaal e Jead Loy (Lawd) suls) el daile E.Lnﬁ’l Y

sy (L5l 5ula) 6y oy Zaile ooy @ieaall LIS Zgandl g Dl slara¥l Oy g
) gt GaulEll Aules pe el adnll 150 s g el ol s il
crae ax JIJalys e dli by dadisg o35 o g Ll 0l Slglaclil lefy @il (5l
g ool (5 ) @3 Jsmilly oldly Flagll (e cujdl o Gsle sllad aag odlely

a0 el ol

alill L W) lel) £1 i) oy (5) AL JSii

Dr. EMAD TOMA BANE KARASH




guma Gle Lii (g5ie Lgils ((Esenll e yall Lulall) Gaulall dlanall Slslai ¥ Laf
Sy daddall 0yl pue g BT alsma | e Joadd Gualda) Gopd daile dide 555 pdas
idedl eljad mungs ool (6 ) @) Jemillg nlall Juads plyd ae duadl Jatiy

e Al

Calill Lol el 5] G (6) pd S
SHoon (il A ghaia g Sl (e shaia ¢ & )lia (i (7) JSA

Pressure
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} plate
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1. Uniform pressure theory — aliiiall ki) 4, ks

2. Uniform wear theory — akiiiall () gl 4y s
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Multi - leaf friction Clutch G aamial) SWSIAY) G2l 3.1.1.7

T |[D? — D?|

sis_'*l.ﬂ:. ;: .l_ll._,___-.jﬁ e sil__'ll-_d l:gil.j_'} Bac e éjli_;,j' bl ;]ﬂ:u.:fl ‘__J.a_'lilll u_}SiI*

'=.:_-'| ._..,—T'-_,}I—'I‘ u;..:l_;.i q._J_PE‘;" |L'_ﬂ'1_ll . _,:.LLI'I:'I:'ILII é_"nli_}j'l ,I_lj_}j . ‘.!III:I]H .\_ji._.i_lll_ll I:-_r_n_a_g..n. Ll Las |_,‘-a|_,]§l'
dafa= s .l'l:.'_g & J:._"‘-‘; I-.i_-\_.l_'l.'lr___'l __:._g.:l;' n.L'n___'r_-._:n c |:'|5.A._5| _:,:..; I‘:_'_':-__:.-I_'.\. q._J-"—"_JE' I:-|-Ii‘l ‘-Flnzlul_"' .__J-L"_JE'
ILJI_J_‘?LI'I ._?'_::"': 1. -\L'Ll:-_;.......j'l ‘_;...J_g__f:l j_g.'u.-__-nj _\-E..JI_LFI_J.III __:._-;:-.n'-_lnl i __:.:.E" & j;;-jl BE AT Ln.|_._'|9 [

S Gy ke e B N sl (e tEl .
aje Jai e 45,085 derecat dhbad 1M (306

S somfall oaglall aladfil Jaady

BTN ST

‘;.i.l:-_gl. ;:a.‘lli_.]llﬂli_l. ]Iltmlﬁi;ﬁiﬂjd@jﬁ‘;‘nﬂ- ::aflli_.]llkl'll_..ul_*lélw—ﬁ_}'—l

.._j :g;'“:.'lll l;:'l_'}}_ﬂl f‘-_:l'c _F:,I"j..-c

(el AY) ) paldl) Gl S (9) pd JSdi
e Al e Al
i) el
N I
EPTEN

Dr. EMAD TOMA BANE KARASH




a & ek

G Ol a3e s A8 el JEl Gakal G LB 306 0 aadia i =m g S gl

was i Ao gasal o a0 Ggaioally 3000 Aad) I rade & a0 die Sy o 1 25EN 3 gend)
An Al G518 ) e Saaatiall Ac gegall o haaa®il 3 A gk i A5 350 ¢ Gile )
L_;]jh..‘ﬂﬁ £l gl .,_]ila,la,;_'l.ﬂl..l;:ﬁl_c. Uain Balge yoadll Lgutay QS 6 &« 5 ALlalally

L8 alEiu .L‘l_-g.na_lll L_:I! l_'ﬂJ_ng'l I:j.c_g:iﬂ._J;_lllJé:'lla:'l;llg ._Ji_ru,]jlﬂ

gucadl] Al 4 G080 dsele SISEs] il s (10) ATy S8
L2SEl 3 paall
B e oafl J e A A 60 6 Rl ALl B
il sl 8 s

ol o A kel B L0 S oal B Jed e AN dn i) RN

1. Uniform pressure theory — akiiall kiual) 4,

. R D?—D?
T = ) n
3 D?—Df

2. Uniform wear theory — aliiall ¢ gud) 4y a3
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n=>5

N=2000 rev/min
=0.15m
=0.08 m

0

Uniform Pressure
T R (Dg — D?}}H
3 (b, -D;) 3

2x NT _ 27 x 2000 x 44.457 9311 Watts

Power = =
60 60

3 53 _
0.25 x 600 (0.15% —0.083 ) a4 457 N
(0.15-0.08)

Uniform Wear
15 % .
T —E(D +D;)n=2:22%0004 15, 0.08)x 5=43.125 Nm

2 NT 27 x 2000 x 43.125
2% X x — 9032 Watts

Power = =
60 60

The centrifugal friction Clutch ¢3S sall 3kl 53 SWaY) (41,17
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CENTRIFUGAL CLUTCH
1. Bolt 5. Washer
2. Oil filter cover 6. Clutch weight
3. Gasket 7. Clutch sprag
4. Locknut 8. Clutch outer housing

g ISl bl 33 SEY) paildl G (11) Al JSG

electromagnetic clutch Clutches Llaliig g gl 2l 68l 2.1.7
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Completely Packaged
& Enclosed Unit )
Easy to install Low Current Coil
Generates Magnetic Field

Inner Rotor Magnetic Powder

Input Shaft ) Output Shaft

Sealed for Life

Bearings
Outer Rotor

Rugged Cast lron

Housing
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Heavy Duty Units allow PTO driven implements to freewheel with adjustable
safety protection under load.

Prevents expensive damage to internal tractor PTO packs.
Prevents single clutch tractors from being driven forward by PTO over-run.
Integral heavy duty adjustable disc type safety clutch protects PTO drive line.

"40 HP Capacity - 150mm (6") Diameter

DESCRIPTION

1 3/8" x 6 spline male / female

A= 170mm

60 HP Capacity - 200mm (8") Diameter

DESCRIPTION

1 3/8" x 6 spline male / female

A= 185mm
(7.3")

REMEMBER THIS!
To adjust Standard Duty (Silver or Gold Spring)
BARE-Co PTO clutches:
Compress springs fully then back off 2 turns.
Fine tune so that the clutch slips occasionaly

Once per year release springs completely and allow clutch to slip to polish
pressure plate.

When Fitting Clutch:

Pair of 12" dia Clamp Belts 75 fribs

Par of 5/8 " dia Clamp Belts 150 ft Ibs

Smgle Cotter Clamp Bolt 100 ft Ibs

Note: LOOSE BOLTS = STRIPPED SPLINES.
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Stepped pulleys : 4 yid! & S
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Multi V belts transmission : 8 adad! V @ s> yguad b 4S pud| J&3
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Equal transmission in one direction
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Transmission in one direction to decrease speed
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D19 oled| (B A )lgke Sukas | Suat A4Sy UGS
Transmission for multi parallel shafts in one direction
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Driven 2
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: palalile (bl | B A glucke 382 3
Equal transmission two crossed directions
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Belt drives by Jaill 2-1-8
Belt tensions sl Aol il 1-2-1-8

Belt motion

Friction
on belt

Friction
on pulley

Driving pulley

S Ao ) 8 ) 5 e g (22) JSii
S5ad) (B 2 (s 8 (o ABal) 2-2-1-8

T,

.2
centrifugal force(CF)= m(rdq}}\—
r

=mv'de

where, m = btp,

T,

buag 848 o gl A G G4 g (23) S

2
T] —my

= eh®
T, —mv’
Where:
T, = belt tension in tight side, N
T, = belt tension in loose side, N
V = belt speed, m/s
m = b.t.p = mass of 1.0 meter of belt, ka/m
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b = belt width, m, t = belt thickness, m,  p = belt density, kg/m®

0 = groove angle for the V-belt (0 is 180° for a flat belt).
sl A e pud) L Aslaa

N, d +t 1—
N a0

Sl b A ghial) 5 jahl) Alalaa
( Ty = T2 v

Angle of wrap and length open belt C5iha gpu Joby LN gl 3-2-1-8

The angles of wrap for an open belt may be determined by:

- Slack side

T

-

lght side

e ped (S pall s Apsital) uila) e ( 24) S
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The angles of wrap for a crossed belt drive may be determined by:

sin,B=R+r
C

R+r

@, =0, =180°+2/7 =180°+2sin

Lo = Length of open belt

1
L, = %(dl_ +¢|5)+2C+E(dl_ —'tl,-,)2

sl sl i) o 255 ¢ sk i s s 0 g6 sl Alnad o 1 e 1 1
- D L) Ll S 13 Aadadiud

ale 300 s sl e Sl 8 el s Sl ki

e 600 (5 ot Adaimall o A 5all 8 525,01 i

0.2 ssbusi 5 paall 5 S L3 ASia) Jabaa |

0.25 (s sk 5,0l 5 HSull 8 cliiaY) Jalaa

Ale1000 (5 sk i JSall (G Adlsall |

Ll 530S 20 (55t A saiall 3 5080

CSa e e ol ye sLS 1000 (6sbod deadiuall ) 3ale 485S

Ll 5800 2 (5 sk 43 = gansall gVl

e 5 (s sty aull clan
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Jadl
GHEIN) &y 3 ot
Deter mination of angle of wrap
: -1 d.’_ B d.s — 0
f o= sin (TJ =8.63
=/80+2p(3=197.

Length of open belt

/ Csidal) yuud) sk

4C

L, = ’:{T(dl +d )+ 2C +

(di_ - d.s )

1

——(600-300 Y =3436mm

=2 (600 +300)+ 2000+ y

b= T x 3001440 9 6m /s

60 x 1000

EIJ j 3 - ]
m=htp= X x [ =0.005ke / m
P00 10 &/

mv: =2.56xb N

Now,
po =025x2.84=0.71
o, =0.20%3.44=10.688

~larg er pulley governs the design

T,-2.56b _
T,-2.56b

power equation 5_aal) Aalaa
P=(T, -1, )xv

. putting data,

(T,-T,)=884.17N
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again, T, =2xbx3N

= [0bN ( from permissible stress )

From(1),(2)and (3 ), selving forb,
b= 240 mm

Hence, the required belt dim ensions are,

Length = 3436 mm; breadth = 2400mm and thickness = S5mm

Length open belt ablie judoh  4-2-1-8

&hliie pud (A5 el g Jgadial) uilad) e g (25) JSd
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aL=0as=180"+2B

Where angle [ is,

Length of cross belt

T 1
L. = E(dl. +d5)+ 2L+E(d1' +d5)2

A 5 (e ISy 3415 IS Baala b Al S S Jala e e A8 et 2
Jshs QU 405 aa gl adaliie jw aladiuly (uSlea oladly )28 (S il sad) o 48 5
¢ A L) Gl S 13 Aaladiol Csthall )

ple 400 (5 5basi i N ) gaall (o A8 yall 3 ppaall 3 S i ]

ple 800 (sl daiaall o 4 yall 3 sl s S Hlad D

L1500 (5 b S (G Adlasall 3

Jall

aL=as=180°+ 2B

Where angle B is,

Length of cross belt

m _
L= (d, +d,)+2C+ ~(d, +dg)’

400

.4 8DD—4DID) 1 =766
= Sin ——— | = SIn ’
k ( 2 .1500 3000

1

2 _
eis (0.84+0.6)° =5.53m

L = g (0.8+4+0.6) +2.1.5 +

Dr. EMAD TOMA BANE KARASH
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sped) A g0 a9 ol A A gt jal) AS ) Jii ( 26) JSd

N, d

N, d,

Ny, dj

N4,.d2 — N3.d3 — N3 — a

Nz N4, dl d3 N4 dl Xd3
N1 N3 dz d4 N1 dz Xd4

Nz — N3 N (T

2 peamil ) uat

Ny, dyxd;xds
N, d,xd, xdg

L:IHJ‘LL:\:LMJEJ:\J\A‘;j —

@50 dsae ok o sablall 2 gee M AS ) Jaty g 488y JSI3 550 150 Ao s <l me 1Jla
Ll g A shaiall A (las aa 0¥ Lenie Vsl sailall 3 gae ) Al stiall Aoyl Casal iyl 4le Sy
75 s s &yl 3 gae o &S yall 5 jall jhad of cauade 131 Aol 8 Gl Ay ()08 0 g g Al &
e S yall 3 sl 3 Ul plad Ll yiaiin 45 (5 sl 2 sanl) e A8 jall juall 3 jUall jlady atis
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Jall

O 35 g ate A Ao Yyl L]

x = 173 - N, =N .
N, N; d, d, N, d,xd, : 3ol

2 an H

No duixds 75 %9 15 L N, =150 x 10
= = = — =
N, d,xd, 45 x15 *
= 1500 rpm

oiﬁéaﬁjﬂu@:g&tﬁ d

Nz N4. d:[ d3 N4-

—_ @ —

X = X
Nl N3 dz d4. Nl

d, xd S
_ 1773 3(1——1)><(1
d, x d, 100

N, 75x90 2
- gsx15(~100) % (1

= 1——
N, 45x15 100

N, = N, X 96 = 1440 rpm
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Chains  Jwddl

< cC ——
Al Jsh Gla 533
Jedlead) o] g0 AS jad) Jii peida o (27) S

2

L=2C+1.57(D+d) + (D-d
4C

Chain ink L) Lo

Smaller
Wy
‘ |~ sprockel
o ' s e. .4
res or pinion

Judleally Jil) Ao gara £ jn) pd] g (28) JSd

Dr. EMAD TOMA BANE KARASH




Chain roller
il sl Alul
Hinge Centre —_ —
\

Juadall S 5e

\~&— Sprocket

Hoisting and hauling (or crane) chains
Sl bl fudin 31 b s (29) S

udlad) B £ 531 1-2-8

YT L 11 d—ib
O S ! / ‘

\-‘-:\~ - s ‘/,“-' A X ! !
$san JS3 e a5 Aluls day o Jaul 5 5 ALl
(a) Chain with oval links. (b) Chain with square links.

(T
f
|
|

(@) Detachable or hook joint type chain, (D) Closed joint type chain.

ohaia g JSE Lol Aladia Aluls lie Jaaia g 55 (e Aluu

Jedled) clila £ 4 ad) g2 g ( 30) JS
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Conveyor chain 48Ul dulul) 2-2-8

Block or brush chain .1
Bush roller chain .2

Silent chain .3

Block or brush chain

, |
'
|

—_— e ) ——— e —a —rer et e e
! :

i |
| l
. | |
Bagh 2 , , Outer plate
/ (Pin link plate)

T

b

]

Roller —
A
Inner plate
(Roller link —, .
plate) * 3\

i
!
!
!

Bush roller chain

Dr. EMAD TOMA BANE KARASH




(DN HED)))]

!«—Pilch—>

o i | —

I W

Silent chain

ALY Judlaal) NSEf 8] i g0 (31) S

Roller Chain Components 4: shud) dlwladl 51321 ,3-2-8

L) ) dasda L) ) dasda

Inside Link Plates Outside Link Plate

AN
<il) gl

Rollers

Ll gl akead) £ i ab) i g (32) JS
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Roller Chain Pitch 4 shaud) dAludead) 5 ghad 4-2-8

Roller Diameter i guy ks

fitch_‘ Pitch

Connecting link  4eded) Ji ¢) jal

Connecting Link
(Pin Link)

(Sansal) Byl ) £ 3 byl

(azial) byl ) £, Jai)
Connecting Link
(Link Plate) E—

Connecting Link

Retainer —— e

(JEaY) £ 3 Jal

Ll phas) Ueakia) 4 5 ghail) s g0 ( 33) JSdi
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dobads dday ) Mail (5-2-8

5. ghadl)
R = Pitch

Al by dlad | p
Chain Link Dimensions
Laledd) Mg 3 5 ghadl) Ay
Chain Dimension Syvmbol Pitch Ratio

Roller Diameter 45) glacy) gad D, 5/8 x Pitch
Chain width W byl e W 5/8 x Pitch
Pin Diameter Jlamall jad ID

Link Plate Thickness Skl Caal LPT

Roller Link Plate Height 598 by &by gli))
(Maximum) H,

Pin Link Plate Height
(Maximum) Soasal) By Aagion gL H,

Dbl by y Ha) il g ( 34) JSdi
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Sprocket Pitch Diameter Calculation

Seadcal) 3831 3 glail) b e

8 skl 3 yila
Pitch Circle P

T T180°
Sin
N

PD = Pitch Diameter 8 ghadl) hd
P = Chain Pitch in inches cilaiyy dbadul) 3 ghad
N = Number of teeth on the sprocket

Sl 38 Jo i) axe

T
m
(o

Fig. 14 Chain Length Dimensions
£ not to scale

Specifications:

Pitch () W= 0.250"

PR Pitch Diameter x 0.5

Drive Sprocket (n) 10 Teeth

Driven Sprocket (N} = 30 Teeth

Center Distance (C) = 67/0.250 = 24 (expressed in pitch units

The chain length = 2 (Tangent line length BE + arc ME + arc BK)

el s 3 Jis Ao pans 5 bealeal] J5bs w4y s peida gy ( 35) Jiid

N
L = 2|:C cosa + _: ki 3:0 (N — H_}j|

Dr. EMAD TOMA BANE KARASH




Types of Sprocket Liall el s g1 930 ,6-2-8

Hub iS4 g g dliceal) 51 £ 4 oo (36) S

.
o.(‘/i' ‘)‘ id
< -

| 'Y

No Hub dif 4ga g Liiwall 548401 £ i s ( 37) Jsi
edhead) g ) gaeally B 81 (85 o 4 jlBa 7-2-8
Sl 3 81 Jas ol B a8Y JaS
e oo s A3kl g Bl pe s dlle &

PP PP
V <500 m/min. 700 <V <2500 m/min.

;L;Jgugc\ﬁeymﬂ\ﬁc ;@Lo‘;c\ﬁhmmﬂ\;b
j\jﬁ%}?\cdj}\c&;@\coﬁ}ﬂ\c&gﬂ\ d)#\‘mj\cdﬁyd\cgmgﬂ\d#\
gw\jﬂ\cﬁj\)ﬂ\:\;‘p¢oh§ﬂ\c:\:ﬁ)$\

BJQL&AE)S,\AASL»\‘

s Cpalaall sCpaladll
dlle da 5lae I3 (o) Aille 3 68 Cadd g D A0l
Jshall 8435 5 g e
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BEARING

eld Jasa -8

SR Jexe -9

a8 (558 Jaas =10
ik Jana 11
Sl )3 Jess =12
Slanla gy Jesa-13

Jalaal) £15311.1.9

L saall 5l Jana -]
daeladll 54y ) sl (5 ) Jane -2
SY ) dese -3

Gsha hbuail Jess -4
S 51 (SIS Jasa -5

Daaal) S5 Jasa -6

asdaiil) 33 Jasa -7

Jalaad) J8&i 2.1.9

bad (e o ) (AR ¢ 3ad) Cua e Jalasal) acdll

Boll Bearing

(c)

(a)
Filling notch Angular contact

Deep groove

|

1
f) (g)
Double row Self-aligning

(h)

External
self-aligning

4580 Salgad) 1.2.1.9

|

(d)
Shielded

(1) ()
Thrust Self-aligning thrust

Lol Jol gad) £330 (1) A1) JSii
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Roling Bearing di) shad) Jalsall 2.2.1.9

Ll shuy) Jolsadl €159 (2) A Jid

Bearing Jalall )32l 3.2.1.9

Lg 3l kGl

Corner radius

alisy)
— Shoulders

A5 5 lad o

- Corner radius

BN el Aalafy ddls
~—— Inner ring
ball race

Outside diameter

-Separator
( retainer)

ball race

IS Jalad ahia (3) ad ) JSii
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Al 2.9
s Al gl 1.2.9

—RFaCK and pinion

i g (ug A

6434 QA

A E 15T G (4) pd S8

g A (o Al £ 5Y sl Lagudiny s (e i Blinind S ey (5) i

PITCH CIRCLE

LINE OF ACTION ¥
\/\
/*— TOOTH PROFILE
g\ (INVOLUTE)

iy .
o
\/\R\ BASE CIRCLE
‘ < PITCH CIRCLE
oA ﬁ/— - WHOLE DEPTH cpreo

DISTANCE

<< —— ADDENDUM
DEDENOUM ~y”
CIRCULAR TOOTH ' L " BT

ROOT lTOOTH )

THICKNESS

v -
3
,/\‘/ /
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RACK

BASE PITCH

Ty

PINOMN w57
e

=g

e}ﬁ,}d\ 2\1..41&]".
.-\ddcndum
i — E =
ot :‘Lém“ ’ l Tooth

Dcdctldum ( uﬂh {hlt

pitch

Clearance

o=asiall

Circular

b
i,

O i il s (5) pd) JSdi

Aadl)
Top land

daa A5 il
Addendum

Fillet

radius
Dedendum  Clearance
circle circle

adslall 3 0l oasall 3 yila

i Glici pbaia (6) a4 JSS
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955 Ae pana A A ol Jhi G (7) pE) JS

Ny Ny Ng T3 T3 Tg

Ny N3 N Ty Eq4 Tg

N2: N3

9 As gana B AS Al J833.2.9

N, T,
jb‘.1 ]2
jb‘.*1- ]3
N; T,
juﬁ ]5
jb‘.5 ]ﬁ-

i Lo Lagd 328N S alaal) o jaay

Ne Ty T3 Ig
Ny Ty E4 Tg

N4:N5

8053 JS5,50 975 e e s (1) Lol daalie JSAN (6 LS U568 jshale ) gae 1dlia
osaall o i (F) o) Gl e )0 ) slaa e (5 )] sie Sy d3ie (BC D) sl
tet WS e i ST gl 2ae ol Caale 131 ¢ (F) de s o2 W (G) Sl

Ng
N,
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N 202526 4

N, 50°75°65 75

4 4
Ne=N;X—=975xXx — =052
F=Na%9g 75 rpm

Al @odia 4.2.9

2ns 5 tlee Al 05 A8 ) Ji 5 el B g (e pud) i §gdia) ey ) Bpdia
. addl)
s Al (8 gaia il 5 1.4.2.9

Slleall il pall Alide Sl jur o Jpandl & ey A 3 sateal Al Aid )

Al dgel )

Dl as e i) (Bl B QS Y ALY

Js—anll dllyy el Alall Slaall )2 e s &l O 50 Ao je G Adll Jpaad —)
el e Al )3 AN UK Ailie Al e jug als g e

Al SOl o ) ge eladl (aSan dllay ) jall ddlall de ) e Jpaadl Y

Aoy el 53 AT 5y (S s Ldls Slad Bl el e el AS a Jusd Y
A o 0 AT Al )y Alla B LS Al B el il e clli5 3 oY) 5l

S souedl Sleadly AL E YT 2see 58 I0Y1 5 e e S 8 A Jua gt 8

a3 AN (3 gaiea i ) #1321 2.4.2.9

l_ga'.q&jé,-é"lMQ\&DJ‘F“QJ}&JJM%"quwjﬂiéjhmeaaﬁt_m'a.)

2V Al ol Rl

A Gtial ale S (8) af) JSd
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Wid

Neminal Width of
Tiee in Millimeters

of Height to
th [Aspeet Ratis)

U.5. DOT Tire
Identification Number
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DENCTES TYPE OF
CONSTRUCTION

COMMERCIAL NAME
OR IDENTITY

REINFORGED MARKING
WHERE APPLICABLE

MANUFACTURERS NAME
OR BRAND NAME

TYRE CONSTRUCTION
DETALS

TUBELESS OR TUBE TYPE
(NB, IF NEITHER IS SHOWN
ATUBE MUST BE FITTED)
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MARK AND NUMBER THE
ALTERMATIVE EEC

APPROVAL MARK 5
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ARROW DENCTING DIRECTION
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e e e e R

Tire Size Wheel | Tire Tire | R.C. | For Tractor Models
Dia. Width | O.D.

17.5L-24 24 17.5 | 48.9 AGCO 1455, 1165;
10-16.5 16.5 104 | 313 CNH 35,40,45; JD
17.5L-24 24 17.5 | 48.9 45xx, 46xx, 4Txx;
10-16.5 104 | 313 KUB 3710, L43,
L3830, L4330 ,
L4630, L5030

44x18.00-20
27x10.50-15
29x12.50-15
460/60D24

265/55D16.5
320/55D16.5

Rear: KUB B7400; JD
4010; CNH 18,21;
AGCO 1413, 1417

| | | [ 2

13.6/14.9-24/28
8-16

9.5-16
13.6/14.9-24/28
250/85D16.5

Rear: KUB B7500,
B2410; JD4110; CNH
18,21; AGCO 1413,
1417TH
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International System of Units

1. Sl base units

Unit Quantity . . N Dimension
Definition (incomplete)" '
symbol name symbol
« Original (1793): gy ©f the meridian through Paris between the North Pole and the Equator.
« Interim (1960): 1650 763.73 wavelengths in a vacuum of the radiation corresponding to the transition between the
2p'0 and 5d° quantum levels of the krypton-86 atom.
« Current (1983): The distance travelled by light in vacuum in sggrdg=g Second.

« Original (1793): The grave was defined as being the weight [mass] of one cubic decimetre of pure water at its
kilogram(n 2! freezing point F&
« Current (1889): The mass of the international prototype kilogram.

« Original (Medieval): gz of a day.
. . 1 . ) .

<econd o Interim (1956); aqrzzgmegryy Of the tropical year for 1900 January 0 at 12 hours ephemeris time.
« Current (1967): The duration of 9 192 631 770 periods of the radiation corresponding to the transition between the

two hyperfine levels of the ground state of the caesium 133 atom.

« Original (1881): A tenth of the electromagnetic CGS unit of current. The [CGS] electromagnetic unit of current is that
current, flowing in an arc 1 cm long of a circle 1 cm in radius creates a field of one oersted at the centre [391 IEC
ampere electric current Current (1946): The constant current which, if maintained in two straight parallel conductors of infinite length, of
negligible circular cross-section, and placed 1 m apart in vacuum, would produce between these conductors a force
equal to 2 x 1077 newions per mefre of length.

Original (1743): The centigrade scale is obtained by assigning 0 °C to the freezing point of water and 100 °C to the
thermodynamic boiling point of water.
temperature Interim (1954): The triple point of water (0.01 °C) defined to be exactly 273.16 K.In 3

Current (1967): 2731—.1-5 of the thermodynamic temperature of the friple point of water

kelvin

~ Original (1900): The molecular weight of a substance in mass grams.'C4%W
amount o

liEs Current (1967): The amount of substance of a system which contains as many elementary entities as there are

atoms in 0.012 kilogram of carbon 12.1" 4

Original (1946): The value of the new candle is such that the brightness of the full radiator at the temperature of
——— luminous solidification of platinum is 60 new candles per sguare centimetre.
Intensity = Current (1979): The luminous intensity, in a given direction. of a source that emits monochromatic radiation of

frequency 540 x 10'2 hertz and that has a radiant intensity in that direction of E%? watt per steradian.
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Name

radian
steradian
hertz
newton
pascal
joule
watt
coulomb
volt
farad
ohm
siemens
weber
tesla
henry
degree Celsius
lumen
lux
becquerel
gray
sievert
katal
Notes

kat

2. Named units derived from Sl base units

Quantity

angle

solid angle

frequency

force, weight

pressure, siress

energy, work, heat

power, radiant flux

electric charge or quantity of electricity
voltage (electrical potential difference), electromotive force
electric capacitance

electric resistance, impedance, reactance
electrical conductance

magnetic flux

magnetic field strength

inductance

temperature relative to 273.15 K
luminous flux

illuminance

radioactivity (decays per unit time)
absorbed dose (of ionizing radiation)
equivalent dose (of ionizing radiation)
catalytic activity

Expressed in
terms of
other Sl units

N-m
Jis

VWA
cn
WIA
AN
V-5
Whim?2
WhiA

cd-sr

Im/m?2

Jikg
Jikg

1. The radian and steradian, once given special status, are now considered dimensionless derived units 233
2. The ordering of this table is such that any derived unit is based only on base units or derived units that precede it in the table.

Prefix name

3. Standard prefixes for the Sl units of measure

hecto | kilo giga

deca

mega

Multiples | Prefix symbol da h k M & T

Factor

109 |10 | 10° 10% | 10° 10°

tera | peta

P E

1U12 1U15

exa

1U1E

Expressed in
terms of
Sl base units

m-m-~"
mZ-m-2
g1
kg-m-s~2
kg-m-1.572
Kg.mz,s—z
Kg.mZ,S—S
s-A
kg-m2-s3.A~1
kg-'-m-2 5% A2
kg-m?-s—3.A~2
kg-!-m-2 53 A2
kg-m2-s2A1
Kg-s‘Z-A‘1
kg-m?-s2.A~2
K
cd
m~2-cd
g1
m2.5~2
m2.5~2

mol-5~1

retta | yotta
z Y
1U21

1U24

Prefix name deci | centi | milli | micro | nano | pico | femto | atto | zepto | yocto

Fractions | Prefix symbol d C m p n p f a z y
Factor 109 107" | 1072 107 [107° |[10°% [ 107"2 | 107" (107" 107" 1073
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UK Imperial units
4. Table of length units

Table of length units

Metric
value

Unit Relative value

85503 gl 1/16 Arabic foot ~2.25cm A finger-length
cabda i=g 1/4 Arabic foot ~3 cm A palm-length
Arabic foot -2
) ~32cm
A
Cubit, traditionally 2 Arabic feet, later 1.5 Arabic _
cubit A cubit-length
feet
orgye 6 Arabic feet ~1.92m A pace-length
gasab iu=k 12 Arabic feet ~3.84 m A cane-length
selr 600 Arabic feet ~192 m Also noted as a stadion, a stadium-length.
ghalva 720 Arabic feet ~230.4m

From Ancient Mesopotamian (Iraqi) parasang. Roughly analogous to an English

parasang 13,000 Arabic feet ~5.76 km
league.

barid 4 parasang | ~23.04 km

marhala s s & parasang | ~46.08 km Avillage-length.

5. Table of length equivalent units

Relative to
previous

Feet | Millimetres Metres Notes
thou
(th)

inch (in) | 1000 thou 112 254 0.0254
foot (ft) | 12 inches 1 3048 0.3048

112000 0.0254 | 0.0000254 |  Als0 25.4 um

yard
(yd)
chain
(ch)

3 feet 914.4 0.9144 Defined as exactly 0.9144 metre by the International yard and pound agreement of 1959

22 yards 20116.8 201168 The distance between the two wickets on a cricket pitch

furlong
(fur)

10 chains 201.168| 220 yards

mile
| 8 furlongs 1609.344|  1.760yards
(mi)
league

(lea)

3 miles 4.828.032 No longer an official unit in any nation.

4. Maritime units

fathom |2.026Byards | 608 18288 1.8288  TheBritish Admiralty in practice used a fathom as 6 fest. This was despite its being 1/1000 of a nautical mile
(m) (i 6.08 feet) uniil the adoption of the intemational nautical mile 1%

cable | 100 fathoms 183.3184 Qe tenth of a nautical mile. When in use it was approximated colloguially as 100 fathoms.
nautical | 10 cables 1853184 Used for measuring distances at sea. Until the adoption of the inernafional definition of 1,852 metres in 1970,

mile the British nautical (Admiralty) mile was defined as 6,080 feet "
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5. Gunter's survey units (17th century onwards)

11100 of a chain

ik |792inches 66100 201168 | 0.201168

The rod is also called pole or perch and equal to 5.5 yards

rod |23 links Gei4|  50292| 5.0292

100 links or 1/10 of a furlong

chain | 4rods b6 20.1168

6. Area

Relation to
Unit  units of
length

Square | Square | Square
] Square metres | Hectares
feet rods miles

Although the proper term is square rod, for centuries this unit has been called a pole or

perch | 1rod x 1rod| 272.25 1 . ) ) )
! perch or, more properly, square pole or sqliare perch.

Yiqn 2529285264 | 0002529

1 furlong x
rood 10890 40

; 1 1011.7141036 01012
1 rod!™ =80

The rood is 1210 square yards.

1 furlong x
acre N 43 560 160

. Veun| 40468564224 | 0.4047
1 chain

One acre is 4840 square yards

Note: All equivalences are exact except hectares, which are accurate to 4 significant figures.

7. Table of volume units

. Imperial | Imperial —
Unit ) Millilitres
ounces pints

Cubic inches US ounces US pints

28.413 0625 1.7339 0.960 76 0.060 047

fluid ounce (fl 0z) 1 150

gilf (ai) 3

Ya 142.065 3125

8.6694

4.8038

0.300 24

pint (pt) 20 1 568.261 25
quart (qt) 40 2 1136.5225
galion (gal) 160 8 4546.09

34.677
69.355
277.42

19.215
38.430
153.72

1.2009
2.4019
9.6076

Note: The millilitre equivalences are exact, but cubic-inch and US measures are correct to 5 significant figures.

8. Table of British apothecaries' volume units

Relative to
previous

Exact
metric valueglnots 1]

Symbols &
abbreviations

m,, 4., m, m., min
13, fls

Unit

minin 59193 880 2083 pl

fluid scruple 20 minims | 1.183 877 604 18 ml

fluid drachm

LA 3, 13, f3, fdr
(fluid dram, fluidram) 3 3.13. 1

3 fluid scruples 3.551 632 8125 mil

fluid ounce 3.11%, 1%, f 3. floz | 8 fluid drachms 258.413 0625 ml

pint O, pt 20 fluid ounces 568.261 25 mil

gallon C, gal a8 pints 4 54609 |
Note:

1. ~ The vinculum over numbers (e.g. 3) represents a repeating decimal.
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9. Table of mass units

Unit Pounds grams kilograms Notes
grain (gr) 1/7000 0.064 798 91 Exactly 64.798 91 milligrams.

drachm (dr) 1/256 | 1.771 845 195 3125
ounce (0z) 116 28.349 523125

pound (Ib) 1 45359237 | 045359237  Exactly 453.592 37 grams by definition.

A person's weight is often quoted in stone and pounds in English-speaking countries that use the
stone (st) 635079318 | 6£.35079318 avoirdupois system, with the exception of the United States and Canada, where it is usually quoted
in pounds.

sluig (slug) | 32174 048 56 | 14 593.902 94 14.59% 902 94 Slug is US Customary unit of mass. Force = Mass = . Pounds = Slugs » 32.174 (ft./s2) Bl

One quarter is equal to two stone or a quarter of a hundredweight. The term quarter was also

quarter (qriqtr) = LA commonly used to refer to a quarter of a pound in a retail context.

hundredweight One imperial hundredweight is equal to eight stone. This is the long hundredweight as opposed to
50.802 345 44

(cw) the short hundredweight of 100 pounds as used in the United States and Canada ']
As with the US and Canadiani®"! systems, twenty hundredweights equal a ton. The imperial
hundredweight is 12% greater than the US and Canadian equivalent. The imperial ton (or long ton)

(UL B0 i5 2,240 pounds, which is much closer to a metric tonne (about 2,204.6 pounds), compared fo the

short ton of 2,000 pounds (907.185 kg).

United States customary units
10.Units of length

Unit Divisions

Sl Equivalent

Exact relationships shown in boldface

International
point (p)
pica (F) 12 p
fnch (i) 6 F
foot (ft) 12 in
yard (yd) 3ft
mife (mi) 5280 ftor 1760 yd
Us sSurvey

link (1i) Iy ftor 7.92 in
(survey) foot (ft) 12000 027 m
rod (rd) 25 hor 16.5 ft
chain (ch) 4 rd or 66 ft
furlong (fur) 10 ch
survey (or statute) mile {mi) | 8 fur
league (lea) 3 mi

International Nauticall®!
fathom (ftm) 2 yd
cable (cb) 120 ftm or 1.091 fur

nautical mile (MM or nmi) 5.439 cb or 1.151 mi
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352 777 778 um
4233 333 mm
25.4 mm
0.304 8 ml®l
0.914 4 ml®
1.609 344 km

0.2012m
0.304 20061 ml2l
502921 m
20116 84 m
2011684 m
1.609 347 kml®]
4 828 042 km

1.8288 m
219.456 m
1.852 km




11. Units of area

Divisions S| Equivalent
Exact relationships shown in boldface
1 square survey foot (sq ft or fi2) | 144 square inches 0.092 903 41 m?
1 square chain (sq ch or ch?) 4 356 sq ft (survey) or 16 sq rods | 404 687 3 m?
1 acre 43 560 sq ft (survey) or 10 sq ch | 4046873 m?
1 section 640 acres or 1 sq mile (survey) 2.589 998 km?
1 survey township (twp) 36 sections or 4 sq leagues 93.239 93 km?

12. Units of capacity and volume

Volume in general
Unit Divisions sl Equivalent
1 cubic inch {cu in) or (in¥) 16.387 064 mL["]
1 cubic foot (cu ft) or ()  |1728 cuin 28.316 85 L

764.554 857984 L

1 cubic vard (cu yd) or (yd®) | 27 eu ft
(cu'yd) or (yd%) 0.764 554 857 984 m?

43560 cu ft 1.233 482 ML

1 acre-foot (acre ft
( ) 1613.333 cuvyd | 1233.482 m?

13. Fluid volume

Liquid volume

Most common measures shown in falic font

Exact conversions in bold font

Unit Divisions sl Equivalent
minim (min) ~1 drop or 0.95 grain of water | 61.611 519 921875 L
US fluid dram (fldr) | 60 min 3.696 6911953125 mL
teaspoon (tsp) 80 min 492892159375 mL
tablespoon (Tbsp) 3tsp or4fldr 14.786 764 78125 mL
US fluid ounce (floz) | 2 Thsp or 1.0408 oz av of water | 29,573 529 5625 mL
US shot (jig) 3 Thsp 44,360 294 34375 mL
Us gill (gi) 4floz 118.294 118 25 mL

US cup (cp) 2giorsfloz 236.588 2365 mL
liquid) US pint (pt) | 2 ep or 16.65 oz av of water 473.176 473 mL

liquid) US quart (qt) | 2 pt 0.946 352946 L

liquid) US galion (gal) | 4 qt or 231 cu in 3.785411784 L

liquid) barrel (bbl) 31.5 gal or %3 hogshead 119.240 471196 L

oil barrel (bbl) 42 gal or %; hogshead 158.987 294928 L

63 galor 8.421875cu ft
hogshead 238.480942392L
or 524.7 Ib of water

(
(
(
(
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14. Dry volume

Dry volume

Unit Divisions Sl Equivalent
1 (dry) pint (pt) 33.60 cu in 0.5506105 L
1 (dry) quart (qt) |2 pt 1.101221 L
1 (dry) gallon (gal) | 4 qt or 268.8025 cu in | 4.404 884 L
1 peck (pk) 2 gal 8809768 L
1 bushel (bu) 4 pkor1244 cuft 35.23907 L
1 (dry) barrel (bbl) | 7056 eu in or 3.281 bu | 115627 1 L

15. Units of mass
Conversions

Unit Divisions Sl equivalent
1 grain (gr) Y4000 1D 64.798 91 mg
1 dram (dr) 2714, gror 8.859 carats | 1.7718451953125 g
1 ounce (0z) 16 dr 28.349523125 ¢
1 pound (Ib) 16 oz 453.59237 g
1 US hundredweight (cwt) | 100 Ib 45.359 237 Kg
1 long hundredweight 112 1b 50.802 345 44 kg
1 ton (short ton) 20 US cwt or 2000 I1b 907.184 74 kg
1 long ton 20 long cwt or 2240 1b | 1016.046 208 8 kg

Avoirdupois

1 grain (gr) Yooolb avor Vsrgp bt | 64.79891 my

1 pennyweight (dwt) 24 gr or 7.776 carats 1.555173 84 ¢
1 troy ounce (0z t) 20 dwt 31.1034768 g
1 troy pound (b t) 12o0ztor 13.17 oz av 973.2417216 g

MMost common measures shown in ffalics

Exact conversions shown in bold
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16. Cooking measures

Measure Australia | Canada UK

Teaspoon 5 mL 5 mL 474 mL

Dessertspoon | 10 mL — 9.47 mL —

Tablespoon 20 mL 14.21 mL 14.79 mL

Fluid ounce — — 28.41 mL 29.57 mL

Cup 250 mL | 28413 mL |236.59 mL

Pint 6826 mL | 47318 mL | —
Quart 113652 mL | 94635 mL | —
Gallon 4346.09 mL | 378541 mL | —

17. Other Units

1 board-foot = 1 ft x 1 ft x 1 in = 2.360 dm®

1 British thermal unit (Btu) = 1055 J

1 calorie (cal) =4.184 ]

1 food calorie (kilocalorie, large calorie) (kcal, Cal) = 4.184 kJ
1 foot-pound (energy) = 1.356 J

1 hand = 10.16 cm

1 horsepower ~ 745.7 W

1 R-value (ft*-°F-h/Btu) =~ 0.1761 Rs, (K-m?/W)

1 slug = 1 Ib-s°/ft

1 U (rack unit) =1.75in

1
2
3
4
5
6
7
8
9

=
o
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