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PROPORTIONS OF STANDARD GEAR TEETH

144° 144° 20° 20°
Composite | .Full Depth Involute | Full Depth Involute | Stub Involute
Addendum m m m . 0.8m
Minimum dedendum 1.157m 1.157m 1.157m m
Whole depth 2.157Tm 2.157Tm 2.157m 1.8m
Clearance 0.157m 0.157m 0.157m 0.2m

STANDARD MODULES. Standard modules taken from ISO/R54 are:

Prefered 1,125,15,2,25,3,4,5,6,8,10,12, 16, 20, 25, 32, 40, 50
Second Choice 1.125,1.375,1.75,2.25,2.75,3.5,4.5,55,7,9, 11, 14, 18, 22, 28, 36, 45
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TABLE I - Fomm Factors y — for use in Lewis strength eguation.

Number of 143 ° Full-Depth 20° Full-Depth 20° Stub
Teeth Involute or Composite Involute Involute

12 0.067 0.078 0.099
13 0.071 0.083 0.103
14 0.075 0.088 0.108
15 0.078 0.092 0.111
16 0.081 0.094 0.115
17 0.084 0.096 0.117
18 0.086 0.098 0.120
19 0.088 0.100 0.123
20 0.090 0.102 0.125
21 0.092 0.104 0.127
23 0.094 0.106 0.130
25 0.097 0.108 0.133
27 0.099 0.111 0.136
30 0.101 0.114 0.139
34 0.104 0.118 0.142
38 0.106 0.122 0.145
43 0.108 0.126 0.147
50 0.110 0.130 0.151
60 0.113 0.134 0.154
75 0.115 0.138 0.158
100 0.117 0.142 0.161
150 0.119 0.146 0.165
300 0.122 0.150 0.170
Rack 0.124 0.154 0.175
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TABLE II — Values of Deformation Factor € in kN/m — for dynamic load check

Materials Involute Tooth Error —mm
tooth T
Pinion Gear form 0.01 002 0.04 0.06 E 0.08
cast iron cast iron 144° 55 110 220 330 420
steel cast iron 145° 76 152 304 458 508
steel steel 144° 110 220 440 660 S80
cast iron cast iron 20° full 57 114 228 2 456
depth
steel cast iron 207 (ull 79 158 316 474 632
depth
steel steel 207 full 114 28 456 684 912
depth
cast iron cast iran 20° stub 59 113 236 354 472
steel cast fron 20” stuby 81 162 324 486 548
steel steel 20° stub 19 238 476 714 952
TABLE 11

Values for s, as used in the wear load equation depend upon a combination of the gear and pin-
ion materials. Some values for various materials for both s, and X are tabulated.

Surface Stress Fatigne Factor
Average Brineil Hardness Number Endurance K(kN/m=}
of stesi pinion and steel gear Limit . :
: s“(MN_-"m ) 14&“ :'Dn
15 342 205 282
200 480 405 555
50 618 673 . 219
300 755 1004 1372
40 1030 1869 2353
Brinnel Hardness Number, BHN
Steel pinion Gear
13 C.lL 342 303 414
200 .l 480 &00 820
250 C.L 618 1000 1310
150 Phosplior Bronze 342 317 427
200 Phosphor Bronze 445 503 689
C.1. Pinion C.1, Gear 5492 1030 1420
L C.1. Pinion C.I. Gear 618 1330 1960
—:iglaa Jibesa

syhaall 50 5k 10 Jamse 144° JalS Gary lind Led Aadaal) Alaedl Gus 5l (50 255 /1

—: el 302 &l A il 13 L 160mm sl gl
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Genll [C ¢S el K ¢(addendum) (sslall iyl fbooup JS ) s fa
¢(dedendum) Zaudl i /g ¢ aal) el /f o cdaalall HUaY) fe ¢paglall /d ¢l
.(check for interference) Jalsll sass (i) 5 <ol 55y Uil h

AN

Dg = 160 X %=2i0nm ‘Dp = 1_60mm (a)

D D D
sl M= MR,
D D
m=—"> .'.Np:—p:@:mteeth
Np m 10 =
D
o2 :§ SN, :16><§ = 24teeth
D 2 2 =

«addendum «csslall ¢ LY /b
addendum =m = 10mm
(JalSl) el fC
whole depth=2.157(m)=2.157x10=2157mm (Jslaall o)
coasiall /d
clearance = 0.157(m)=0.157x10=157mm

outside diameter = pitch diameter + 2 xaddendum Je

outside diameter of pinion= 160 + 2 x10 = 180 mm

outside diameter of gear = 240 + 2 x10 = 260 mm

Root diameter = outside diameter — 2 x whole depth /f

Root diameter of pinion = 180 — 2 x 21.57 = 136.86 mm

Root diameter of gear =260 — 2 x 21.57 = 216.86 mm
12
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dedendum =1.157 (m) = 1.157 x 10 = 11.57 mm

C0S141° x s5hadll 5y b Caai = (bl 33 kb (s [h

Radius of base circle = pitch radius x cos143°

Oseill R, (160/2)cos14.5° = 77.45mm ,ulsY) 5y3la ,ld Dy = 154.90mm

oall - R, (240/2)cos14.5°=116.18mm , sl 833la ki Dy = 232.36mm

¢ oall (gslal) g W)l Chemi IS 13l galis < i

addendum radius < +/(base circle radius)?2 + (center distance)2(sin )2

= J116.18) + [2 (160+ 240)]*(sin14.5°)

=126.51 mm

o Q,JBSL;; ity elllia OsSed 130mm = 280

ull (slal) g laV) Sl Caas O Ly

A Osall Bshasll B 5la lad 5abys 8 M Jsaagall [amadd L asenail) 8 Laail) any Jee

Al gatial LIS oS ()5S 192

Jae (st s 600rev/min Aeyw sn (So = 83MN/M?) gyl (e Jae sy /2

Cilialsall w16 sl 4:1 5380 J&s desy (So = 103MN/M?) Sibad) 35l (1

4l (e .8 Jsmsa (full depth involute) il JalS ee 20° Jasca )5 13l

Astiall ki Aga e Ledi oS Al 3l 4 L 90mm e sl) SIS

:Jad

sl ol Gl Chaal Legl 3paa3 Yl (g5 ) (30

Number of teath Ia Form factor » Fa¥
Pinion 15 83 x 108 0.094 7.8 % 10°
Gear | g4 103 x 10% 0.135 13.9 x 10*
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Aepdl dale Jlid) 2y S8 LB basas S (pitch line velocity) soball ad dc s
b sl Meal) Glual Clhall sl

vV =(600>< 2ﬁ)(1x16x8j —4.00m/s
60 2 1000

i\:\;V=a)r=a)%,D=mN

=V :w(lm Nj
2

10mm/s e 38 0 VG L

allowableS, =S, 3 ) _g3x10f[ 3 =355MN/m?
3+V 3+4.02

¢ o onsd Aalaad Tk Lol (Ko 0 3Rl lake G ¢ Ml
F =SbyP, =(355x10°)0.09)0.094) = x8/1000) = 7.54kN
el oy ) 5538
power, P=FV = 7542x 4.02 = 30.3kW

So )3l sl e Yae L 5 (So = 140MN/M?) Sibaudl Nl (e Jae 05 /3
105mm I Gslue gl ld 058 02101 3 dgle Jaill A &5 (= 55MN/M?
—dul Glaalsdl L) O L Gsmll 900rev/min W lae deyus 20kW Ja s
22l aaa (full depth involute form) Alall JS& QS Gaal 20° haaall 4y

Lo 2aliall Gl sill asgll e s (5y5 pal) Jgmagall 23a L) e 5SY)
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Ol (e Akl desane Galil ousl e daisall CaaRY) Gl sis Al
22301 a5 N 70530 e ey 2l
S,y =140x10° x0.114=15.96x10° (sl aay (e
S,y =55x10° x0.137 = 7.54x10° sl
7.54x109<15.9%100 & Lo Jainall Cana¥l 58 (sl (35S
D, = 105mm, Dy = 105%7/3 = 245mm
=1 sl Alalaad U KA o) dagles HUY1 G Ly

]; =Skz? | F
m-y

20,000x 60 21N

il Al gy Jgtiall a3all M, =
Osad 53 Jspiall a3ell M 900x 2, 222

. M, 212
Uganall 3l | F=—L= = 4040N
54 r  0.0525

8shadll bl dcyu \V = ro=0.0525900x 27 /60)=4.95m/s
V<10 & L

3
3+4.95

4 zgamsall algay) ‘S(allowable):55><106( JzZO_.BMN/m2

1/m?y = 20.8x10° (4)7* / 4040 = 203x10° allowable
Subm=7Jdsa am=7.02 y=0.1 jas

D
N =—9=£5=3_5teeth ¢y = 0.119 (Jslaadl ) 12 =171.5x10%
m 7 m<y

L Gl OsS
L w5 Jasall Agslhaall eyl Ll aiis Lealasind (S Y 9 51 8 <6 Jsasal

k = 4(171.5)/(202.8)=3.383 | k iad pats L las e
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b=3383x77 =74.4mm « L

Ng =35 Ny =15 m =7 b = 75mm aasiu

P ayaal Gyl s e Lasge Graill e Conial) paatl Jles (and

S,y =140x10° x0.092=12.88x10° : O sl

S,¥ =55x10° x0.119 = 6.545x10° (canzaY)) : sl

So =) whll Nl e Os Y (So = 83MN/M?) 3ol e Jae ey [4
1410 3 a5l Tarall Gy 0585 .31 3 Ay ghie Aughll Aepud) A (<5 L (103MN/m?
e SkW Jail (55 pal) dnsll e s Lealatind ey S ) pladll cld (g il 23
15 oo J8 QL) (e 2ae aladid S Yl Ailiall saa .(ysaill 1800rev/min Ae s
oAl S e

—:dal

:34 = 4l Aoyl 3aws Np = 16teeth sl s gl s

N, =16x(31)="56teeth ( Jalb
S,y =83x10°(0.112)=9.30x10° sl
S,y =103x10°(0.081) =8.34x10° t O saiall

i) sl Gl N

_5.000x60 .

. ‘,M et bt
e M, 1800x27 —

) slgaY) O Aaslaa e Y G L
S =2M, /m*k 7%y N=2x 26.5/m® x 47°(0.081)16 = 1.037/ m’

(Ao Zyanae Jga) Gyl
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S z%so =%(103><106)=51_.5MN /' m?

(Al L o)B Jgse 2aaty (B8N 108 e
m® =1.037/51.5x10°¢ . m = 2.72mm

¢ ‘éjtdb m=25 cd}\A

V =0.02

(%j:a_??m/s «D, =16x2.5=40mm

dinduced S (Aaxd) S )

allowable 8:103><106( 3 j=574MN/m2

3+3.77) ——

daniall S =1.037/(0.0025)° = 66.4MN / m?
574 <66.4 5 s G Gell O5S
«Dp = 16x3 = 48mm Jull :m =3 (68l A Jsla

=002 1025 s

allowable S=103x10°
3+4.52

j:g.u\/m/m2

cc\_"\.'\.d\ J\.@A}/\j
g sl 5 <5 Induced S = 1.037 / (0.003)° = 38.4 MN/m?2

D ansll pame Gl Jull 4(38.4/41.1)=3.74 K paes
b=mk 7 =3x3.747 = 35.2mm

Dg = 48 x 3.5=168mm D, =48 mm b =35mm «m = 3 aaas
3lab astss 900rev/min deyw sy (So = 103MN/M?) SLd) Nl o Oois /5
W jlake Jaia 4550y Ll . 144rev/min ey (So = 55MN/M?) jall sasll (e s

Jsmsall  23a 25kW oo Lelis 2 ) (gpadll 55305 (stub involute profiles) 20°
17



(Sl daal) cliad) i Ggay e s Al eded Al Loy (L) e ccanliall

BHN 250 1) ¢ssil el s 2y . Ll

i Jal

15 o Ji Y ol s SLaal cpug ) Qlind sae Gl ) S cdaglan e Gug sl ol

G S 16 58 Ol LS o oSa U Ol a1 aaed) G sl Lol

.100 teeth = 16(900/144) (sl oland sac s ¢ slhaall Jaill duns

S,y =103x10°(0.115) =11.85x10°MN / m® PO sl

S,y =55x10°(0.161) =8.86x10°MN / m? ol

o JSE ol daglae e Y G e L8.86<11.85 G Lu cana¥l s peill (S

ol e Tonsge il O3S lgalatind wiss ajall VY Gus) Ablee 3)50m
25,000 60

M,=—————=1658N
144x 27

¢ s el dleal) G Jull k=4 Jea) Lils ¢ IV maaill Aglaal

S =2M,/m*kz’yN, = 2x1658/ m*47>(0.161)100)=5.217/m’

Aoz Jga) (il
S(allowable)=S =15, =1(55)=27.5MN / m?

o 5.217

Caseyall (1) L) e calai®Y) ki Agay (e .m =575 T IOF Sk
X

5 Janall ey 6 i JEl ¢eaall Jaal) Jasall paiial (4

14427

V=0.3( j=4.524m/s «Dg =100 x 6 =600mm «m=561

3
4 = sanadl gal) ¢ S(allowable) =55x10°| ———— |=21.93VIN / m?
*C ¥l es( )=55x (3+4.524) £222

18



L Tan liaea Gasill 50 - S(induced) = 5.217/(0.006)° = 24.15MN /m?® «zziiall sl
LS Al 7 ojlthe Jaapa B Ajlaal) dand) Jolainn JEIL 124,15 <21.93
« V =5.278m/s <D, =700mm, m=7 «4iln

.S(induced) = 15.2MN/m? S (allowable) = 19.93MN/m?

K Gmiats (g5l e (g8 L) OsSone MET J e

cosllad) angll e .4(15.21)/(19.93)=3.053

b= kP, = 7(3.053)7 = 67.13mm
b=68mm m =7 aaanu) Astiall ki dgag (e JUll
Sl Jaall li dga (e (tentative design) il el pasdl o (g
Fo (endurance load) Jestll Jas .(wear effects) L wilyits (dynamic load)
Aaalew 3 a8 8 Fy L) dass
F, = S,byP. =55x10°(0.068)(0.161)0.0077)=13.24kN

F, = D,bK Q = (0.122)(0.068)(1310x10° [1.724) = 17.20kN

«K = 1310kN/m? from table 111 <D, =700(144/900)=112mm ¢Cus
Q=2N,/(N, +N,)=2(100)/(100+10)=1.724

-FdC)*“Jt‘STu@—"AQ}SO}S:'OT‘.—‘%:’FW}Fo

2NV (bc+F)

F, = +F
¢ o +.bc+F

F=M,/(£D)=1658/0.350=4737N b =68mm V =5.28m/s «ua

zlesdl Ko V=5.28M/s 15 451 ans ey sl Uadll s 55ladll dad deju Jinie 0
U‘i)ﬂ\ d}gd}o C\.a.aﬁ Lg.ﬂ\ Jal &P)n_’ a_*\;.aj\ )LJ :LQA} O 0.08mm y\.:fu Ua;_a

(first class commercial gear ) V1 as)d e Lylad Lup oja cladll (e daall
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& ol ety «=590KN/M ¢l Jsanll (0 S .m=7 1 0.07mm olaka aay
bl Feas e IS pie e el (5Sa ade e, Fg = 20.15KN cadlle daladl
bl i dgas ey Gl o aladany) Al

JSa b miage WS 0.035mm olie Undy J8 cdling dadad iy (i Hlod) camy Ml
Fo= 2aiw € =283 1 Fy olus salely .283kN/m W)laie dad € asd 138 ¢(3)
OsSems (10%25n J4) F,=1324-1474 5 F,=17.20<14.74 ¥\ .14.74kN
couill 3o adail g gal (53 lathe anaral

Gray ) @aloll aasll e Lup 2t (So=140MN/M?) 80mm ki Meill (1 50 /6
58 Jauy 1200rev.min dejw Osud) daady .(So=85MN/m?) 240mm ki (Iron
i hn @) i) Ge SV sl a3s .20%stub Gl 0S5 LSKW Laylake
s Al Gl Ailae o manail) el L gyg pall angll e s (Uasol Ahbay Lels
oy dao dal) g L)

:Jad)

ool OIS 1Y Lo A Tal Land dasiy Gull pacain i) Lo djee 05
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m = /2663/(0.1)3.355x10° ) = 2.817mm
¢y =0.161 <Ng= 96 : m=2.5 )=
F, =3.355x10°(0.161)0.0025 =3376N (s s )
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(L) aa) il 5 LS Canaal)
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M, =S,bzyRm =

2
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2.635x10°m3= , m=2.72mm
1/2
V = 0.02(1802—*2”) ~3.77m/s «Dy=16x2.5=40mm :M=2.5
( Jalb
M, = 2.635x10°(0.0025)° = 41.17N.m
S M, =—2093 59877

¢ 3/3+377) T
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66.50 «.
4 200 _374 | K Lmia
‘ (71.15) K o=

S b=kzm=3.74x 7x3=35.23nm
b=35.23mm .

(Supplementary Problems) 4éla) Jilua

1. A spur steel pinion (S, = 200MN/m?) is to drive a spur steel gear
(So=140MN/m?). The diameter of the pinion is to be 100mm and the center
distance 200mm. The pinion is to transmit 5kW at 900 rev/min. The teeth
are to be 20° full depth. Determine the necessary module and width of face
to give the greatest number of teeth. Design for strength only, using the

Lewis equation.
Ans. {m =2mm, b = 21.2mm (use 22mm)}

2. Two spur gears are to be used for a rock crusher drive and are to be of
minimum size. The gears are to be designed for the following
requirements: power to be transmitted 18kW, speed of pinion 1200
rev/min, angular velocity ratio 3.5 to 1, tooth profile 20° stub, S, value for
pinion 100MN/m?, S, value for gear 70MN/m?2. Determine the necessary
face width and module for strength requirements only, using the Lewis

equation.

Ans. {m =5, b=57mm}

3. A pair of spur gears transmitting power from a motor to a pump impeller
shaft is to be designed with as small a center distance as possible. The
forged steel pinion (S,=160MN/m?) is to transmit 4kW at 600rev/min to a

cast steel gear (S,=100MN/m?) with transmission ratio 41 to 1, and 20°
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full depth involute teeth are to be used. Determine the necessary face width
and module for strength only, using the Lewis equation.

Ans. {m = 3mm, b = 30.9mm (use 31mm)}

4. A pair of spur gears for a crane hoist drive is to be made to the
following specifications: 20° full depth teeth; S, pinion = 80MN/m?, S,
gear = 55MN/m?, Np = 20 teeth, Ng= 80 teeth. The pinion is to transmit

5kW at 200rev/min.

(a) What standard module and width of face will satisfy these conditions

with a minimum center distance? Use the Lewis equation.

(b) If the dynamic load for this pair is computed to be 3.8kN, determine

whether or not the design is safe from the standpoint of strength.

(c) Check the design for wear or surface fatigue if the fatigue constant K

=1350kN/m?.
Ans. {(a) m=5, b=53.6mm (use 54mm).
(b) Fo, = 6485N (satisfactory).

(c) Fw = 11.660N (satisfactory)}
5. A cast steel 24 tooth spur pinion operating at 1150 rpm transmits 3kW to
a cast steel 56 tooth spur gear. The gears have the following specifications:
module of 3, S, value of 100MN/m?, face width of 35mm, 141° tooth
profile, C factor of 350kN/m for dynamic load, K factor of 280kN/m? for
wear load. Determine (a) induced stress in weaker gear, (b) dynamic load,

(c) wear load. (d) allowable static load.
Ans. {22.0MN/m?, 6445N, 988N, 3150N}

Unsatisfactory from the standpoint of wear and dynamics effects.

6. In the layout of the drive for a packaging machine, a pair of 20° full
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depth spur gears is to transmit 35kW at a transmission ratio of 2.5 to
1. The pinion operates at 1200 rpm. For initial design, a forged steel
pinion (S,=100MN/m?) and a semi-steel gear(S,=60MN/m?) have been
selected. The gears are to be carefully cut and from data tables the
C factor for dynamic load is 160kN/m and the K factor for wear is
1100kN/m?.

(a) Determine diameters, face width and tooth numbers for minimum size
gears of adequate strength, using the Lewis equation.

(b) Solve for dynamic and wear loads, stating whether the gears are

satisfactory or not.
(c) If the gears are not satisfactory from the standpoint of wear and

strength, state what changes should be made.

Ans. {(a) D,=48mm, Dyg=120mm, b =32.2 (say 34mm), Ny,=16, N4=40.
(b) Fq=4105N, Fy = 2565N, F, = 2348N.
(d) The gears are not satisfactory from the standpoint of strength and
wear because Fq is greater than the allowable values F, and F.,. One or
more of the following changes would be required: decrease the tooth

error, decrease the module, increase the face width, or case harden}
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