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Properties of Some Flat- and Round-Belt Mote[iolg. (Diameter = d, thickness = f, width = w]

Minimum Allowable Tension
Pulley per Unit Width Specific
Diameter, at 3 m/s, Weight,
Material mm {(10%) N/m kN/m?
leather i @.5-12.2

9.5-12.2

2.5-12.2
9.5-12.2
§.5-12.2
Polyamide” , @.5
Q.5
13.8
10.0
114
10.6
10.6
Urethane? . QF 10.3-12.2
1.7¢ 10.3-12.2
3.3° 10.3-12.2
1.4¢ 10.3-12.2
3.3 10.3-12.2
5,8% 10.3-12.2
d=20 13¢ 10.3-12.2

Coefficient
of Friction

4,00 5 Aadaal) A oY) Lgda aiuat Al 3 gal) Gy ) 3
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Cp 85 aall) Jalaa 1(£-1 V) g2

Small-Pulley Diameter, mm
Material 40—100 115-200 220-310 355-405 460 - 800 Over 800

Leather
Polyamide, F-0

F-1
F-2
A-2
A-3
A4
A-5

The steps in analyzing a flat-belt drive can include (see Ex. 17-1)

1- Find e#*? from belt-drive geometry and friction

2- From belt geometry and speed find F,

3- FromT = 60H,,,,, K;ng/2nn find the necessary torque

4- From torque T find the necessary (F;), — F, = 2T /d

5- From Tables 17-2 and 17-4, and Eq. (17-12) determine (F;)a.
6- Find F,from (F;)a — [(F)a — F,]

7- From Eq. (i) find the necessary initial tension F; = % —F,

8- Check the friction development from y’ = =In (FlazFe
¢ F—-F¢

9- Find the factor of safety from ngs = H,/(Hpom Ks), Hg = [(F1)q — F2]V
Example -1

A polyamide A-3 flat belt 150 mm wide is used to transmit 11 kW under light shock
conditions where K; = 1.25, and a factor of safety equal to or greater than 1.1 is appro-
priate. The pulley rotational axes are parallel and in the horizontal plane. The shafts are
2.4 m apart. The 150-mm driving pulley rotates at 1750 rev/min in such a way that the
loose side is on top. The driven pulley is 450 mm in diameter. See Fig. 17-10. The fac-
tor of safety is for unquantifiable exigencies.

(a) Estimate the centrifugal tension F, and the torque 7.

(b) Estimate the allowable Fy, F>, F; and allowable power H,,.

(c) Estimate the factor of safety. Is it satisfactory?

1750 rpm
L /T\ Belt 150 mm X 3.3 mm
150 mm*@+§ 11 kW
} Y= 11kN/m?3
> 24m B d =150 mm, D =450 mm
@ Fa(7-1) ¢ =6, =m—sin |20 0] = 30165 rad
a) Eq. ¢ =604 =m—sin 2(2400) : ra
mdn 1(0.15)(1750
V= = (015X ) = 13.74 m/s

60 60
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Table 17 — 2 w = ybt = 11400(0.15)(0.0033) = 5.64

w 5.64
F.=—V?=——(13.7)2 =108 N
g 9.81( )

60H,,,,K;ng  30(11000)(1.25)(1.1)
T = = =82N-m
21n 2m(1750)

(b) The necessary (F\), — F to transmit the torque 7, from Eq. (h), is

? 2(82
2T _ 202 _ 003N
d 0.15

(Fi)a — 2=

From Table 17-2 F, = 18 kN/m. For polyamide belts C, = 1, and from Table 17-4
C, = 0.70. From Eq. (17-12) the allowable largest belt tension (F}), is

(F1)a = bF,C,C, = 0.15(18000)0.70(1) = 1890 N
then

F,=(F)e—[(F)a— F2] = 1890 — 1093 = 797 N
and from Eq. (7)

F)),+F 1890 + 797
Fi=(1)az—2—Fc=#—108=1235N

The combination (F))., F>, and F; will transmit the design power of 11(1.25)(1.1) =

15.125 kW and protect the belt. We check the friction development by solving Eq. (17-7)
for f":

1. (Fa—F. I 1890 — 103
l: —_ = ] = 3
e e T T T BT

From Table 17-2, f = 0.8. Since f" < f, that is, 0.314 < 0.80, there is no danger of
slipping.

(¢)

Ha _ [(F), — EV _ (1093)(13.7) _
nom Ks HpomKs 11000(1.25)

1.09
AN A
50 aaaied Blal ) 02l Sany culld e @llia y ol Jail laa (55 pum A JaY) 3 Y] )
LY e el e o) ands & all (5 ) Al
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C*w

8F,

d=—— ... (17 — 13)

where d = dip, m

C = center-to-center distance, m

w = weight per meter of the belt, N/m
F; = initial tension, N

ﬁ/@& )

AN QA Eilaa) G Al Al Sy () 4=V V) JSA aldadl ¢ Aauii Jelagd) (VY- V) Jeib
Example - 2
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Design a flat-belt drive to connect horizontal shafts on 4.8 m centers. The velocity ratio
is to be 2.25:1. The angular speed of the small driving pulley is 860 rev/min, and the
nominal power transmission is to be 44 760 W under very light shock.

* Function: Hyom = 44 760 W, 860 rev/min, 2.25:1 ratio, Ky = 1.15, C=4.8 m
* Design factor: ny = 1.05

* Initial tension maintenance: catenary

* Belt material: polyamide

* Drive geometry, d, D

* Belt thickness: ¢

* Belt width: b

The last four could be design variables. Let’s make a few more a priori decisions.
d =400 mm, D = 2.25d = 900 mm.

Use polyamide A-3 belt; therefore 7=3.3 mm and C, = 1.
Now there is one design decision remaining to be made, the belt width b.

Table 17-2:  y = 11.4 kN/m’ f=08  F,=18kN/m at 600 rev/min
Table 17-4: C, = 0.94

Eq. (17-12): Fy, = b(18 000)0.94(1) = 16 920b N (1)
H; = HyomKsng = 44760(1.15)1.05 = 54 047 W
H 54 047
T o = 600N - m

27n 27 860/60
Estimate exp(f¢) for full friction development:

_, 900 — 400
2(4800)
exp(f¢) = exp[0.80(3.037)] = 11.35

Eq_ (17_1): ¢, — 9‘1* =T — ZSin = 3.037 rad
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Estimate centrifugal tension £, in terms of belt width b:
w=ybt = (11 J00)b(0.0033) = 37.65 N/m
Vi=nmdn = 7(0.4)860/60 = 18 m/s

W2 (37.6)b(18)2

Eq. (e): Fo= 2 T = 1241.86 N (2)
For design conditions, that is, at H; power level, using Eq. (h) gives
(F)a — F2 = 2T /d = 2(600) /0.4 = 3000 N (3)
Fy = (F)a = [(F1)a — F2] = 16 920b — 3000 N (4)

Using Eq. (i) gives

e (F)e + F U el 16 9205 + 16 92056 — 3000

5 ¢ > — 1241.86 = 15 678.2b — 1500 N
e (5)
Place friction development at its highest level, using Eq. (17-7):
Fi), — F, -
o= n s Va= F i 16 9206 — 1241.85 15 678.2b

= In o
£ 16 9206 — 3000 — 1241.85 15 678.2b6 — 3000
Solving the preceding equation for belt width b at which friction is fully developed gives

ool GRSt R
156782 exp(f¢)—1 156782 11.38—1 - 0 m=210mm

A belt width greater than 210 mm will develop friction less than f = 0.80. The manu-
facturer’s data indicate that the next available larger width is 250 mm.

Use 250 mm-wide belt.
It follows that for a 250-mm-wide belt

Eq. (2): F. = 1241.8(0.25) = 310N

Eq. (1): (Fi)a = 16 920(0.25) = 4230 N

Eq. (4): F = 4230 — 3000 = 1230 N

Eq. (5): F; = 15 678.2(0.25) — 1500 = 2420 N

The transmitted power, from Eq. (3), is

H, = [(F1)a — F2]V = 3000(18) = 54 000 W

and the level of friction development f’, from Eq. (17-7) is

| | (F1)a=F: " | n4230— 310

=" R-F 357" 130310

which is less than f = 0.8, and thus is satisfactory. Had a 225-mm belt width been

available, the analysis would show (Fy), = 3807 N, /, = 811 N, F; = 2260 N, and

S =0.63. With a figure of merit available reflecting cost, thicker belts (A-4 or A-5)

could be examined to ascertain which of the satisfactory alternatives is best. From
Eq. (17-13) the catenary dip is

L>w  4.8*(37.6)0.25

dip SF, 8(2420) m mm
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V-Belts 43 aiall 40 dajaY) ;L

ad IS4G e ()5S Ll adaiiall dalie o V) dadansal) e 323 Lgie 48 yaiall 48 da 3a DU 4pulul) el Calias Y
- ‘JH
daiiaall IS A Cues caal g ol jad dpliasd) 5 jadll 5 Hhadll a1 asdl 53 ) el <l Sl slbeal G (32 V)Jsaall

(E,D,C,B,A)anll g s caun da3adl Aol Jshll gadaiy:(Vo-VY) Jsaall o
(Vo= VV)dsaall axall sl Jshall I () Y2) V) saadl & il ddlialy o o5 JSI (ialadly) il 5 ghasll jlad

V 48 jatall dpd Lajadl ) aaliall (449 V)dsaa
Width @, Thickness b, Minimum Sheave kW Range,
Section mm mm Diameter, mm  One or More Belts|
A 12 8.5 75 0.2-7.5
Boaih & 16 B 135 0.7-18.5
1 U s 22 13 230 1175
1 D 30 19 325 37-186
A
E 38 25 540 75 and up
V 4 el e el bl Aa0a) Jaaal) (V229 V) gaad)
Section Circumference, mm
A 650, 775, 825, 875, 950, 1050, 1150, 1200, 1275, 1325, 1375, 1425,

1500, 1550, 1600, 1650, 1700, 1775, 1875, 195G, 2000, 2125, 2250,
2400, 2625, 2800, 3000, 3200

B 875, 950, 1050, 1150, 1200, 1275, 1325, 1375, 1425, 1500, 1550,
1600, 1650, 1700, 1775, 1875, 1950, 2000, 2125, 2250, 2400, 2625,
2800, 3000, 3200, 3275, 3400, 3450, 3950, 4325, 4500, 4875, 5250,
6000, 6750, 7500

& 1275, 1500, 1700, 1875, 2025, 2125, 2250, 2400, 2625, 2800, 3000,
3200, 3400, 3600, 3950, 4050, 4350, 4500, 4875, 5250, 6000, 6750,
7500, 8250, 9000, 9750, 10 500

D 3000, 3200, 3600, 3950, 4050, 4350, 4500, 4875, 5250, 6000, 6750,
7500, 8250, 9000, 9750, 10 500, 12 000, 13 500, 15000, 16 500
E 4500, 4875, 5250, 6000, 6750, 7500, 8250, 2000, 9750, 10 500,

12 000, 13 500, 15 000, 16 500

Lya! ol 8 shall Jgh ciluad Lo 3 [, Johall ) clilay) 1(1)-) V) s
to Obtain the Pitch Length in mm)

Belt section A B & D E

Quantity to be added 32 45 72 82 112

'V Es e‘jﬂ\ JLA) &) glad
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(E,D,C,B,A)snll ahia ysial )

L=1875 mm Jalal) abasa (B1875 ol jall JUall dusws (e () +=1Y) dsaadl e ol jall Al Jasmall 2a ¥
B1875 aliall ¢ L Jghall (A (V)-1Y) Jsaaldl 2383 sa gall Ol ALl L, ol all s ghdll Jsla aa ¥

L, = 1875 + 45 = 1920 mm

5shall Jsh lgy 2 pealalld L 3aY) cllua 3 Jghall Adaal )5 Le G ilaadle L8

o Al adaia 45l 3 (e DL B Jae Ag) 30800 2508 i oy 0

OV plal g1y e S 8 (55 YT g (0 cpmadill A5 5 5 S0 5l 5 o ) e (e S Waany Ayl 3 Aed %
ol & elua () (g% Lea 3 il die 30 (e al jall i A sraa ) (g2 &

(3-VY) dsanll  ana s Sl i 31V

e e ) e (ind sy s <20 m/s 2 Ao siall Ao pudl (se ga A8 jaiall 40d de AU Auliadll eyl A
5m/s e 8 525 m/s

;Z\,.\:‘Q\Z\AML)GLMLP 2l all 3 sladll J sl

n(D+d) (D-d)>?
L = —
p=2C+ > + iC (17 — 16a)

V) A e Lsbn w0 S (58 e G Adlaall Jiai S/ € S all ALl Ll

c=0.25{[L, - > D+ ) +\/[Lp—§(D+d)]2 _2m—a2t  17-16b)

Bl 3 KA lad= o 550K 3 KA jlai=p of Cua

dadaiall a3 Y 8 daae L G € 4508 jall ALl @
OSars e sa ol cailall 8 315l s 85 50 €4S all Ailuall (555 Y) Cand A8 el 4ad A jal) ALl e
(Y sl Gaaa Sl L ladl

D<C<3(D+ad)
sda aY) i
A i) 4pd A a) aladiuly A 5 )38 Jail o) s (e SS) ) Ula 2la

ahie 3 al 3 s i (rima sae ) G ke Gl A a1 aae G Al lagaia laae 5 o) e de nYloxe e
g

ol sae Galud e 51 24000 hr e (JaidY) clebe Gulal e L) Gawn 48 jaiall 40d 4 al) Lglis il 5,08 o
3030 10% JEal) s e @l 5ally

o Lagd i S LIS CailS 131 aad g al Ja Leliny o)) oSy ) 50l Jiad (VY=Y Y) Jsaall 8 H, )y A saadll 5080 o
e Jas 5 Ao gia JIshY 5 (B = 180°) sedlill Ayl 5 o () kel

AV Aall (e B2l Cliea i Rina e Jaaldl S ) ) JUaBY) A gladia e ) S il 1 L) o

H,=K{KoH,pp wovo e (17 = 17)

J;\jj\e\)aﬂl.g_\cjmmﬂﬁ‘)dﬂ\ :Ha
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(\ A V) d}q.;\\ (e c:\_bd;.«:\\ 'é).\ﬂ\ : Htab

(VF-IY) dsaa cpuadldl) 45 5) 3 el Jalas 1Ky
(\ £-) V) d}d_; ce\jaj\ djj:d C_JMS Salza Ky

U G Ly 8 @l e &0 Caelialy gl op’ = 1/ sin(0/2) @ sb 4 aiadl 4ud 4 3a M Jladl) NS Jalze @
252350 Jilall hand)

Dbiel ccasi Al e <0.4 <0.45 ¢0.5 dhra ¢38° ¢34° ¢30° cAilida 25040 Wl g ) me ' Asaa b ) (any A @
Y aead sl 5 o 3all 33l 5 0,13 @lSial Jales

Ol adde 2l (Ll palaa A oalade] il g8 5¢0,5123 o ylaie Jlad dllia) Jalas Gates Rubber 48 i Cwadivl o

Fl_Fc_

0.51236
17 — 18
F,—F. e ( )

108 araaail) 3 a8l
Hd=Hn0m'Ks'nd (17_19)

(OV-YY) Aalaal) (e 4 gunall 2a gl ) 3all 3508 e Lo e dnaranatl) 5 a8l = 5 i) Jail » 33 N i aY) 2xe
Ny =>— N,=1,23,.. (17 — 20)
(YIS S g S pall o Hlall B 8 Ll
V
F. =K, (—) (17 - 21)

O el e B K Jalaadl @

V‘\.ﬁ);.mj\ MJ:*\.A)AM r*\:sul:iﬂ\ '&)Aﬁ\ YAz :(\ V-\V)d}.\;
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Belt Sheave Pitch Belt Speed, m/s
Section Diameter, mm 10 15
A 65 . 0.35 0.46 0.40 0.11
75 0.49 0.75 0.84 0.69 0.28
85 0.60 0.98 1.17 1.64 0.84
95 0.69 1.16 1.43 1.49 1.28
105 0.77 1.30 1.64 1.78 1.63
115 0.83 1.41 1.82 2.01 1.93
125 and up 0.87 1.51 1.97 2:21 2.16
B 105 0.80 1.18 1.25 0.94 0.16
115 0.95 1.48 1.71 1:55 0.92
125 1.07 1.74 2.09 2.06 1:57
135 1.19 1.95 2.42 2.49 2.10
145 1.28 2.14 2.69 2.87 2.57
155 1.36 2.31 2.94 3.19 2.98
165 1.43 2.45 3.16 3.48 3.34
175 and up 1.50 2.58 3.35 3.74 3.66
G 150 1:37 1.98 2.03 1.40
175 1.85 2.94 3.46 3.31 2.33
200 2.21 3.66 4.54 4.74 4.12
225 2.49 421 5.38 5.86 5.51
250 2.72 4.66 6.05 7.16 6.63
275 2.89 5.03 6.59 7.46 1.93
300 and up 3.05 333 - 7.06 8.13 8.28
D 250 3.09 4.57 4.89 3.80 1.01
275 3.73 5.84 6.80 6.34 4.19
300 4.26 6.91 8.36 8.50 6.85
325 4.71 7.83 9.70 10.30 9.10
350 5.09 8.58 10.89 11.79 11.04
375 5.42 9.25 11.86 13.13 12.68
400 §:71 9.85 12.76 14.32 14.17
425 and up 5.98 10.37 13.50 15.37 15.44
E 400 6.48 10.44 13.06 13.50 11.41
450 7.40 12.46 15.82 17.16 16.04
500 8.13 13.95 18.05 20.07 19.69
550 8.73 15.14 19.84 22.53 22.75
600 9.25 16.11 21.34 24.54 25.22
650 9.70 17.01 22.60 26.19 27.38
700 and up 10.00 17.68 23.72 27.68 29.17

0 ALy Ld|jguAK1 aall) Jalaa (Y Y-VY) Jsaa
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K
D_;ff_ 8, deg VvV k V Flat
0.00 180 1.00 0.75
0.10 174.3 0.99 0.76
0.20 166.5 0.97 0.78
0.30 162.7 0.96 0.79
0.40 1569 0.94 0.80
0.50 151.0 093 0.81
0.60 145.1 0.91 0.83
0.70 139.0 0.89 0.84
0.80 132.8 0.87 085
0.90 126.5 0.85 0.85
1.00 120.0 0.82 0.82
1.10 113.3 0.80 0.80
1.20 106.3 077 0.77
1.30 98.9 0.73 0.73
1.40 1.1 0.70 0.70
1.50 82.8 065 0.65

*A curvefit for the W calumn in rerms of & is
Ky = 0.143 543 + 0.007 46 8 & — 0.000 015052 67
in the range 90° < & = 180°.

K, a)all Jshl rasaatl) Jalaa 1() €21 V)Jgaadl

0.85
0.90
0.95
1.00
1.05
1.10
1215
1.20

Length Factor A Belts = B Belts CBelts  DBelts ' E Beltg

Nominal Belt Length, m

Upto0.88 Uptol.15 Upto1.88 Upto3.2

0.95-1.78 12145 2.03-24 3.6405 Uptod
1.2-1.38  1.55-1.88 2463-3.0 4.33-525 35.25-6
1.5-1.88  1.95-243 3.2-3.95 6.0 6.75-7
1.95-2.25 263-3.0 4.05-488 6.75-8.25 8.25-9
2.4-2.8 S 230 5.25-60 Q.0-10.5 10.5-1
30andup 39545 67575 120 13.5-1

488condup 825andup 13.50ndup 165

*Multiply the rated power per belt by this factar to obtain the corrected power.

V 4b adal) 4ud dajadll K deddd) Jalaa 1() 021 V) gand)

Source of Power

Normal Torque High or Nonuniform
Driven Machinery Characteristic Torque
Uniform 1.0to 1.2 I.1to 1.3
Light shock 1.1to 1.3 1.21t0 1.4
Medium shock 1.2t0 14 14to0 1.6
Heavy shock 13t 1.5 151t0 1.8

AF

_60H,4/N,

AF=F1-F; ) Cun AF e adiai aal 5l o) jall A gaid) 5 )adl)

17 — 22
nnd ( )

2 (17-8) Aalaall (e aalay) (S calaal) 2301 5 58 el e a1 20 Jidi of N s
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F1:FC+

F, = F, — AF

Fi +F,
=1 __*_F
2

i c

HaNb
Negg = ———
1S HpomK

NyLp

~ 3600V

(17 — 28) Ualae e e llly i (

(YV-1V) ds

Fourth Year

Mechanical Eng. Dept.-Tikrit University

(17 — 23)
(17 — 24)
(Y-)V) 8l 3 (j) Uabaal) (g
(17 — 25)
[0S le¥) Jalae Lol
(17 — 26)

Ay bl e <l gall 22y ) Jall e Glia (Sa

(17 —27)

(VY=1Y) Jsaall A Line COLas b 5 K o s

Alaall (e Cansnd e lully ol all e Ll

(17 — 28)
148 jaial) dpd da Y asaal &l ghd (adla

60'51239,F, C,Lp ,VJ.;.

‘)AY‘Q_AL.I ”\..J\J\)Sﬂ\&ANb’Ha’HdJ_AO
nfs’FilFZJleAF;E; e
17 — 27) dabas (e & sall 20y Wil al o) jee 20

(YV-1V) s

10° to 10'°
Force Peaks

K b

108 10 10°
Force Peaks
K b

2999 11.089
5309 10.926
Q069 11.173
18 726 11.105
26 791 11.100
3240 12.464
7360 12.593
16 189 12.629

Minimum
Sheave
Diameter, m
75
125
215
325
540
b6
177
312

Belt
Section

4726
10 653
23 376

10.153
10.283
10.319

Belt Section

Example — 1 ( V- Belt)
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A 7.46-kW split-phase motor running at 1750 rev/min is used to drive a rotary pump, which

operates 24 hours per day. An engineer has specified a 188 mm small sheave, an 280 mm large
sheave, and three B2800 belts. The service factor of 1.3. Analyze the drive and estimate the belt
life in passes and hours.
Solution The peripheral speed V of the belt is

V = mdn/60 = n(0.188)1750/60 = 17 m/s
Table 17-11: L, =L+ Lc=2800 + 45 = 2845 mm

Eq.(17-16b) C = 0.25 {[Lp —Z0+d)|+ \/[L,, -2+ d)]z —2(D - d)Z} _

2
0.25 {[2845 —Z(280 + 188)] + \/[2845 —Z(280 + 188)] —2(280 — 188)2} — 1054 mm

Eq.(17-1): ® = 6, = w — 2sin"*[(280 — 188)/2(1054)] = 3.054 rad

£05123(3.054) — 4781

- Interpolating in Table 17-12 for V = 17 m/s gives H;,,=3.5 kW.

- The wrap angle in degrees is 3.057(180)/rt = 175¢. From Table 17-13, K; = 0.99.

From Table 17-14, K, = 1.05.

From Eq.(17-17), H, = K;K,H,,, = 0.99(1.05)3.5 = 3.64 kW

From Eq.(17-19), H,; = H,ymKsng = 7.46(1.30)(1) = 9.7 kW

From Eq.(17-20), N, >H,;/H,=9.7/3.64 = 2.67 - 3

From Table 17-16, Kc = 0.965.

From Eq.(17-21), F, =0.965(17/2.4)* = 484N

FromEq.(17-22), AF = ota/No _ 600.7/3) 100y
rom Eq. ), " and  m(1750)(0.188)
F Eq.(17-23), F,=F. + il =4 +188(4'781)—286N
TOMEBG A= es) = te T o 1 =" T 7811
From Eq.(17-24), F,=F, — AF =286 — 188 = 98 N
F, + F, 286 + 98
FromEq.(17-25), F=———"—F =————+484=143N
From Eq.(17-26 _ HalNyp _ 364(3) = 1.13
rom Eq.( M g T T eas) -
From Eq.(17-23),
From Eq.(17-23),
(17 — 26)
V) Al el sall 2aay 2l Jall e s (Say
K\ K\
N, =|(— — 17 — 27
=@ +E) a7 -27)

(VY- Y)d sl 8 A clalaa b 5 K Of G
Aalaal) (e and e Lally ol jall e W
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L Noky
3600V
Life: From Table 17-16, K; = 576.
kK 65
En— == = Sia N
P1= "0 T 0.188 g

Fy» = 65/0.28 = 232N

T\ =F + Fp; =286+ 346 = 632 N
T, =F + Fp =286+ 232=518N
From Table 17-17, K = 5309 and b = 10.926.

5309 \ ~10926 5309 \ ~10-926 i
Eq. (17-27):  Np = (62—) T <_51—8> = 11(10°) passes

Since Np is out of the validity range of Eq. (17-27), life is reported as greater than 10°
passes. Then

Eq. (17-28) P @85 500
e . > — -
q. ( 3600(17) 20

Chains J=dld) =Y
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Table 14-1 Comparison of mechanical drives

-

T'ype Cost Space Limit to power Basis for design f

1. Flat belts 1  Verylarge  Space Stretch and slip

2. V belts 3  Large Space, cost Stretch and wear

3. Roller chains 5  Medium Speed, width ~ Wear of pins, fracture of
links

4. Silent chains 7 Medium Speed, space Strength

5. Spur gears 15 Small Space Strength, wear

6. Helical gears 25 Small Space Strength, wear

e Basic features of chain drives:
1- a constant ratio, since no slippage or creep is involved;

2- long life; and

3- the ability to drive a number of shafts from a single source of power.

e Roller chains have been standardized by the ANSI.

e The dimensions of standard sizes are listed in Table 17-19.

e Figure 17-16 shows the nomenclature.
e The pitch is the linear distance between the centers of the rollers.

e The width is the space between the inner link plates.

e Chains are manufactured in single, double, triple, and quadruple strands.

Roller diameter
le—>|

I I spacing

Strand

Figure 17-16

Table 17-19 Dimensions of American Standard Roller Chains—Single Strand

31 (20 4aiall

Prepared by Dr. Hazim Khaleel



Machine Element Design-3 Belts and Chains

Fourth Year Mechanical Eng. Dept.-Tikrit University

Minimum Average Multiple
ANSI Tensile = Weight, Roller Strand
Chain Pitch, Width, Strength, Ibf/ft Diameter, S'_)pocmg
Number in (mm) in(mm) Ibf(N) (N/m) in(mm) in (mm)
25 0.250 0.125 780 0.09 0.130 0.252
(6.35) (3.18) (3470) (1.31) (3.30) (6.40)
35 0.375 0.188 1 760 0.21 0.200 0.399
(9.52) (4.76) (7 830) (3.06) (5.08) (10.13)
41 0.500 0.25 1 500 0.25 0.306 —
(12.70) (6.35) (6 670) (3.65) (7.77) —
40 0.500 0.312 3130 0.42 0.312 0.566
(12.70) (7.94) (13 920) (6.13) (7.92) (14.38)
50 0.625  0.375 4 880 0.69 0.400 0.713
(15.88) (9.52) (21 700) (10.1) (10.16) (18.11)
60 0.750 0.500 7 030 1.00 0.469 0.897
(19.05) (12.7) (31 300) (14.6) (11.91) (22.78)
80 1000 0.625 12 500 1.71 0.625 1.153
(25.40) (15.88) (55 600) (25.0) (15.87) (29.29)
100 1.250 0.750 19 500 2.58 0.750 1.409
(31.75) (19.05) (86 700) (37.7) (19.05) (35.76)
120 1.500 1.000 28 000 3.87 0.875 1.789
(38.10) (25.40) (124 500) (56.5) (22.22) (45.44)
140 1.750 1.000 38 000 4.95 1.000 1.924
(44.45) (25.40) (169 000) (72.2) (25.40) (48.87)
160 2.000 1.250 50 000 6.61 1.125 2.305
(50.80) (31.75) (222 000) (96.5) (28.57) (58.55)
180 2.250 1.406 63 000 9.06 1.406 2.592
(57.15) (35.71) (280 000) (132.2) (35.71) (65.84)
200 2.500 1.500 78 000 10.96 1.562 2.817
(63.50)  (38.10)  (347000)  (159.9) (39.67) (71.55)
240 3.00 1.875 112 000 16.4 1.875 3.458
(7670)  (47.63)  (498000) (239) (47.62) (87.83)
From figure 17-17, we have: @*@ B
v/ 2 T
.Y _p/2 p S,
SN—-=——, or = —70 ariable
2 DJ2 sin(y/2)
y = 360°/N
p
D = 17 — 29
sin(180°/N) ( )
The chain velocity V
V = Npn/60 (17-30)
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N = number of teeth

p = chain pitch, m

n = sprocket speed, rev/min

The maximum exit velocity of the chain is

_mDn _ mnp b
Vmax = "¢ ~ sin(y/2) (b)

The minimum exit velocity occurs at a diameter
d=Dcosy/2 (c)

_mdn _mnpcosy/2
Vmin = g0 = sin(y/2)

= nnp tan(y/2) (d)

Now substituting y/2 = 180° /N and employing Egs. (17-30), (b), and (d), we find the speed variation

to be

AV _ Umax = Umin T 1 B 1 (]7_3”
1% 1% N [ sin(180°/N) tan(180°/N)
The speed variation and is plotted in Fig. 17-18
The capacities of chains are based on the following:
¢ 15 000 h at full load B AV %
T 20 32
* Single strand 2= L 20
23 5
* ANSI proportions C§ 510~ 4
. . B 1.7
* Service factor of unity 0 I |
0 10 20 30 40
¢ 100 pitches in |ength Number of teeth, N

Fig. 17-18
e Recommended lubrication

- These capacities are tabulated in Table 17-20 for 17-tooth sprockets.

- Table 17-21 displays available tooth counts on sprockets of one supplier.
- Table 17-22 lists the tooth correction factors for other than 17 teeth.

- Table 17-23 shows the multiple-strand factors K, .

It is preferable to have an odd number of teeth on the driving sprocket (17, 19,
number of pitches in the chain to avoid a special link.

The approximate length of the chain L in pitches is

...) and an even
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L 2C Ny + N, Ng—N2
- g +_( 1)

p p 2 472C/p

The center-to-center distance C s given by

p _3 »— N 2
C==|-A A4 — 8| ———
4 _%J ( 27 )

_N]-I-Ng L

A

2 p
The allowable power H,, is given by

H, = K\ K> Hp

Mechanical Eng. Dept.-Tikrit University

(17-34)

(17-35)

(17-36)

(17-37)

K, = correction factor for tooth number other than 17 (Table 17-22)

K, = strand correction (Table 17-23)

The power that must be transmitted H, is given by

Hy = HyomKsng

(17-38)

Table 17-20 Rated Power Capacity of Single-Strand Single-Pitch Roller Chain for al17-Tooth Sprocket (kW)

31 (23 dadall
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Sprocket
Speed, ANSI Chain Number
rev/min 41
50 0.037 0.12 0.28 0.15 0.54 0.93
100 0.067 0.21 0.51 028 099 1.72
150 0.097%  0.30% 0.74% 0.42% 1.43% 2.48
200 0.12% 0.40% 0.96 0.53 1.87 3.20
300 0.17 0.58 1.38 075 | 260 - 463
400 0.22% 07s¢ | 180 098 3.50 6.00
500 028 093 | 220 1.20 425 732
600 0.33* 110% | 2,60 .42+ 5.01% 8.65
700 037 | 125 2.96 1.63 5.77 9.92
800 0.42% 1 1.40% 3.34% .84 6.5% 11.20
900 046 | 156 3.72 2.04 7.23 12.50
1000 051% i 1.72% 4.1 225 7.98 13.65
1200 060 | 204 481 2.45 9.40 16.11
1400 069 | 233 553 1.95 10.74 13.50
1600 078% | 2.63* 6.24 1.60 9.55 1100
1800 ;086 2.93 6.68 1.33 798 | 925
2000 | 095 322+ 5.76% .13+ 689% | 7.90
2500 | 116 3.94 4.1 082 | 490t 5.64
3000 137 42 311 062 | 372 430
Sprocket
Speed, ANSI Chain Number
rev/min 1000 120, 130° 160 180 200
S0 TypeA 215 40l 7 ¢ 107 156 216 286 46
o 401 i 717 13 20 292 403 534 858
150 578 1 187 29 42 S8 768 1238
200 746 143 242 375 544 753 100 i 160.4
300 1082 207 35 544 783 1108 © 144 2313
400 14 268 452 70 {1015 1402 I858 268.0
s00 % 17 327 553 | 858 1238 {1521 1656 0O
600 & 200 386 | 651 947 1052 | 1156 126
700 231 443 664 753 836 918 0
800 261 {47 543 615 | 684 753
900 298 | 394 455 5150 573 63
oo 281 (336 388 44 | 49 538
100 214 256 295 | 335 372 0
1400 169 203 235 | 265 0
1600 139 186 i 193 0
1800 6 {14 161
2000 9921119 0
2500 713} 03
3000 P54 0
Note: Type A—manual or drip lubrication; type B—bath or disk lubrication; type C—oil-stream lubrication:
type C'—type C, but this is a galling region; submit design to manufacturer for evaluation.
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Table 17-21: Single-Strand Sprocket Tooth Counts Available from One Supplier*
No. Available Sprocket Tooth Counts
25 8-30, 32, 34, 35, 36, 40, 42, 45, 48, 54, 60, 64, 65, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
35 4-45, 48, 52, 54, 60, 64, 65, 68, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
41 6-60, 64, 65, 68, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
40 8-60. 64, 65, 68, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
50 8-60, 64, 65, 68, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
60 8-60, 62. 63, 64, 65, 66, 67, 68, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120
80 8-60, 64, 65, 68, 70, 72, 76, 78, 80, 84, 90, 95, 96, 102, 112, 120
100 8-60, 64, 65, 67, 68, 70, 72, 74, 76, 80, 84, 90, 95, 96, 102, 112, 120
120 9-45, 46, 48, 50, 52, 54, 55, 57, 60, 64, 65, 67, 68, 70, 72, 76, 80, 84, 90, 96, 102, 112. 120
140 9-28, 30, 31, 32, 33, 34, 35, 36, 37, 39, 40, 42, 43, 45, 48, 54, 60, 64, 65, 68, 70, 72, 76, 80, 84. 96
160 8-30, 32-36, 38, 40, 45, 46, 50, 52, 53, 54, 56, 57, 60, 62, 63, 64, 65, 66, 68, 70, 72, 73, 80. 84. 96
180 13-25, 28, 35, 39, 40, 45, 54, 60
200 9-30, 32, 33, 35. 36, 39, 40, 42, 44, 45, 48, 50, 51, 54, 56, 58, 59, 60, 63, 64, 65, 68. 70. 72
240 9-30, 32, 35, 36, 40, 44, 45, 48, 52, 54, 60
Table 17-22 Table(17-23)
Tooth Correction Factors, K1 Multiple-Strand Factors,
K2
Number of Ky
Teeth on Pre-extreme Post-extreme
Driving Sprocket Power Power ]
¥ 0.62 .52 2 !
12 0.69 .59 3 2.5
3 0.75 0.67 4 3.3
14 0.81 (.75 5 3.9
15 0.87 0.43 6 4.6
16 0.94 0.9] 8 6.0
|
17 1.00 1.00
V 1.06 1.09
19 1.13 1.18
20 1.19 1.28
15
N (N1/17)"% (N1/17)
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EXAMPLE 17-5  Select drive components for a 2:1 reduction, 67 kW input at 300 rev/min, moderate
shock. an abnormally long [8-hour day, poor lubrication, cold temperatures, dirty
surroundings, short drive C/p = 25.

Solution  Function: Hyom = 67 kW, n; = 300 rev/min, C/p =25, K, = 1.3
Design factor: ng = 1.5

Sprocket teeth: N, =

_ = 17 teeth, N, = 34 tee = ) = 25,33
Chain numbey of strands: S = It =l

- Mol s Hoom 1.5(1.3)67 130.65
tab — = —
K\ K, (HK, K

Form a table:

Number of 130.65/K2 Chain Number Lubrication
Strands (Table 17-23) (Table 17-20) Type
l 130.65/1 = 130.65 200 c
2 130.65/1.7 = 76.85 160 c®
3 130.65/2.5 = 52.26 140 B
4 130.65/3.3 = 39.59 140 B

Decision 3 strands of number 140 chain (Hp is 54 kKW).

Number of pitches in the chain:

L 9 - Ni+ N> (N2— N))?

- p 2 T anic/p

17434 . (34— 17)

= 2(25) + 3 + an2(25)

= 75.79 pitches

Decision  Use 76 pitches. Then L/p = 76.
Identify the center-to-center distance: From Egs. (17-35) and (17-36),

N+ N; 17 4 34
2

P Na — Ni\2
—A+\/A2-—8(2 ')
27

3451 TN\
2. 50.54-‘/50.52 —3( ) J = 25.104p
4 2

For a 140 chain, p = 44.45 mm. Thus,
' C = 25.104p = 25.104(44.45) = 1115.9 mm

A=

P

(8

I
&z

o~

Lubrication: Type B ; % 3
Comment: This is operating on the pre-extreme portion of the power, so durability esti-

mates other than 15 000 h are not available. Given the poor operating conditions, life
will be much shorter.

PROBLEMS
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17-1 A 150 mm-wide polyamide F-1 flat belt is used to connect a 50 mm-diameter pulley to drive a

larger pulley with an angular velocity ratio of 0.5. The center-to-center distance is 2.7 m. The angular
speed of the small pulley is 1750 rev/min as it delivers 1.5 kW. The service is such that a service
factor Ks of 1.25 is appropriate.

(a) Find F, F; , F;, ,and F,.
(b) Find H, , nss , and belt length.
(c) Find the dip.

17-2 Perspective and insight can be gained by doubling all geometric dimensions and observing the
effect on problem parameters. Take the drive of Prob. 17-1, double the dimensions, and compare.

17-3 A flat-belt drive is to consist of two 4-ft-diameter cast-iron pulleys spaced 16 ft apart. Select a
belt type to transmit 60 hp at a pulley speed of 380 rev/min. Use a service factor of 1.1 and adesign
factor of 1.0.

17-5 Return to Ex. 17-1 and complete the following.

(a) Find the torque capacity that would put the drive as built at the point of slip, as well as
the initial tension Fi .

(b) Find the belt width b that exhibits ngs = ny = 1.1.

(c) For part b find the corresponding F;,, F,, F;, F;, power, and ng; .

(d) What have you learned?

17-6 Take the drive of Prob. 17-5 and double the belt width. Compare F,,, E., F;,
F, ,Hg ,ngg, and dip.

17-9: The line shaft illustrated in the figure is used to transmit power from an electric motor by
means of flat-belt drives to various machines. Pulley A is driven by a vertical belt from the motor
pulley. A belt from pulley B drives a machine tool at an angle of 70° from the vertical and at a center-
to-center distance of 9 ft. Another belt from pulley C drives a grinder at a center-to-center distance
of 2.7 M. Pulley C has a double width to permit belt shifting as shown in Fig. 17-4. The belt from
pulley D drives a dust-extractor fan whose axis is located horizontally 2.4 M from the axis of the
lineshaft. Additional data are
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Speed, Power, Lineshaft Diameter,
Machine rev/min kW Pulley mm
Machine tool 400 9.5 B 400
Grinder 300 3.4 C 350
Dust extractor 500 6.0 D 450

The power requirements, listed above, account for the overall efficiencies of the equipment. The
two line-shaft bearings are mounted on hangers suspended from two overhead wide-flange beams.
Select the belt types and sizes for each of the four drives. Make provision for replacing belts from
time to time because of wear or permanent stretch.
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Motor pulley:

Dia. = 300 mm
Speed = 900 rev/min

17-10 Two shafts 6 m apart, with axes in the same horizontal plane, are to be connected with a flat
belt in which the driving pulley, powered by a six-pole squirrel-cage induction motor with a 75 kW
brake power rating at 1140 rev/min, drives the second shaft at half its angular speed. The driven
shaft drives light-shock machinery loads. Select a flat belt.
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17-11 The mechanical efficiency of a flat-belt drive is approximately 98 percent. Because of its high

value, the efficiency is often neglected. If a designer should choose to include it, where would he or
she insert it in the flat-belt protocol?

17-17 A single V belt is to be selected to deliver engine power to the wheel-drive transmission of a
riding tractor. A 3.73 single-cylinder engine is used. At most, 60 percent of this power is transmitted
to the belt. The driving sheave has a diameter of 155 mm, the driven, 300 mm. The belt selected
should be as close to a 2.3 m pitch length as possible. The engine speed is governor-controlled to a
maximum of 3100 rev/min. Select a satisfactory belt and assess the factor of safety and the belt life
in passes.

17-18 Two B2125 V belts are used in a drive composed of a 135 mm driving sheave, rotating at 1200
rev/min, and a 400 mm driven sheave. Find the power capacity of the drive based on a service factor
of 1.25, and find the center-to-center distance.

17-19 A 45 kW four-cylinder internal combustion engine is used to drive a brick-making machine
under a schedule of two shifts per day. The drive consists of two 650 mm sheaves spaced about 3.6
m apart, with a sheave speed of 400 rev/min. Select a V-belt arrangement. Find the factor of safety,
and estimate the life in passes and hours.

17-20 A reciprocating air compressor has a 1.5 m-diameter flywheel 350 mm wide, and it operates
at 170 rev/min. An eight-pole squirrel-cage induction motor has nameplate data 37 kW at 875
rev/min.

(a) Design a V-belt drive.

(b) Can cutting the V-belt grooves in the flywheel be avoided by using a V-flat drive?

17-21 The geometric implications of a V-flat drive are interesting.

(a) If the earth’s equator was an inextensible string, snug to the spherical earth, and you spliced
1.8 m of string into the equatorial cord and arranged it to be concentric to the equator, how far
off the ground is the string?

(b) Using the solution to part a, formulate the modifications to the expressions for m , 64 and 6,

L,,andC.
31 (29 Asdall Prepared by Dr. Hazim Khaleel



Machine Element Design-3 Belts and Chains Fourth Year Mechanical Eng. Dept.-Tikrit University
(c) As a result of this exercise, how would you revise your solution to part b of Prob. 17-20?

17-22 A 1.5 kW electric motor running at 1720 rev/min is to drive a blower at a speed of 240
rev/min. Select a V-belt drive for this application and specify standard V belts, sheave sizes, and the
resulting center-to-center distance. The motor size limits the center distance to at least 550 mm.

17-23 The standard roller-chain number indicates the chain pitch in millimeters, construction
proportions, series, and number of strands as follows:

2540H -2
A A +—twm strands

heavy series

standard proportions

pitch is 254/8 mm
This convention makes the pitch directly readable from the chain number. In Ex. 17-5 ascertain

the pitch from the selected chain number and confirm from Table 17-19.

17-25 A double-strand no. 60 roller chain is used to transmit power between a 13-tooth driving
sprocket rotating at 300 rev/min and a 52-tooth driven sprocket.

(a) What is the allowable power of this drive?
(b) Estimate the center-to-center distance if the chain length is 82 pitches.

(c) Estimate the torque and bending force on the driving shaft by the chain if the actual power
transmitted is 30 percent less than the corrected (allowable) power.

17-26 A four-strand no. 40 roller chain transmits power from a 21-tooth driving sprocket to an 84-
tooth driven sprocket. The angular speed of the driving sprocket is 2000 rev/min.

(a) Estimate the chain length if the center-to-center distance has to be about 20 in.
(b) Estimate the tabulated power entry H,,;, for a 20 000-h life goal.
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(c) Estimate the allowable power for a 20 000-h life.

(d) Estimate the tension in the chain at the allowable power.

17-27 A 700 rev/min 18.65 kW squirrel-cage induction motor is to drive a two-cylinder reciprocating
pump, out-of-doors under a shed. A service factor K; of 1.5 and a design factor of 1.1 are
appropriate. The pump speed is 140 rev/min. Select a suitable chain and sprocket sizes.

17-28 A centrifugal pump is driven by a 37.3 kW synchronous motor at a speed of 1800 rev/min.
The pump is to operate at 900 rev/min. Despite the speed, the load is smooth (K, = 1.2). For a
design factor of 1.1 specify a chain and sprockets that will realize a 50 000-h life goal. Let the
sprockets be 19T and 38T.
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