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) F o= 9550x1000x12x1.5 - 1790.625 N
b By T 200048
b) Tangential tooth load from equation F =0 byp C =0, bypK ---- 2.93(0ld DDHB); 23.93

(New DDHB)
i.e. Tangential tooth load of weaker member th =6, by,pC =0,bypK,
Face width b = 37mto4 mmor 9.5 m <b < 12.5 m2.126 (Old); 23.132 (New DDHB)
Select b = 10 m; circular pitch p=mm
Mean pitch line velocity of weaker member v_= 7,0y iz 96 % 2000 =10.053 m/sec.
" 60000 60000
4.5 4.5

45+v,  45+10053

Velocity factorK =C, = =0.3092since v_< 12.5 m/sec

----2.129(Old DDHB); 23.135a (New DDHB)

Lewis form factor for weaker member y,=0.17- 92*5— ----2.99(0ld DDHB); 23.117 (New DDHB)
2y
= 007-225 _017-295XM 17 0.896x 10°m ¢
d, 96 e
mn f > G B i-l "
A .
Substituting all the values in Lewis equation, oL e
1790.625 = (138)(10m}(0.17-9.896 x 10 m) (1tm) (0.3092) & o
ie, 13358 = 0.17m-9.896x 107 m’ s d Sy My B3 e
i WEND W FTe b
| ie, m-00582m’ > 7.8576 T TRNTA Y
Trail: 1 \ - E ALY

Selectmodule m=3mm [Select standard module from Table 2.3 (Old DDHB); Table 23.3 (New DDHB)]
ie., 3*-00582x3 > 78576
ie, 74286 < 7.8576 .. Notsuitable
Trail : 2
Select module m = 4mm
42-0,0582x4* > 78576
122752 > 7.8576. Hence suitable
 module m = 4mm

¢) Check for the stress

Allowable stress o, = (0, K}, = (138.34) (0.3092) = 42.6696 N/mm?
F,
Induced stress o, , = (0,K), = 5 tzp ---- 2.93(0ld DDHB); 23.93 (New DDHB)
Y2 :
1790625

= =27.315 N/mm?
(10x4){0.17-9.896 x 10~ x 4)(n x 4)

Since (6, K)), ,<(6,,K)), , the design is safe. Also in order to avoid the breakage of gear tooth due
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to bending, the beam strength should be more than the effective force between the meshing teeth.

F .C, F,
Effective force F, = [(— = K_ since C_ is already considered.

_ 1790625
T 03092
Beam strength of weaker number. th =0, by.p

(138)(10x4)(0.17-9.896 x 10> x 4} (m x 4) =9046.484 N
F >F

=5791.2N

1l

by eff
. FOS — fb_z —_ w — l 562
' “Fy 57912 7

The design is satisfactory and hence the module should be equal to 4 mm
. Module m = 4mm

face width b = 10x4=40mm ' S 2
d, 64 v
Number of teeth on pinion zl=—1=—:4—=16 A
96 e
Number of teeth on gear z,= " = — =24 . we?
. m 4 Ly
{ Nyt A %

-t b
" Prample 43 VAT
e A pair of carefully cut (Class - II) spur gear transmit 20 kW at 230 rpm of the gear. Reduction ratio
is 5:1. The pinion is made of cast steel heat treated with allowable stress 197 MN/m?. Gear is made of cast
iron with allowable stress 56 MN/m?. Determine module, face width and number of teeth on pinion and gear.
Also suggests suitable surface hardness for the gear pair. Pitch line velocity of pinion is not to exceed 7.5
m/sec.

Data:
N=20; i=5; n,=230 rpm; G, = 197 MN/m’ = 197 N‘'mm?; g, = 56 MN/m?* = 56 N/mm?;
v, S7.5 m/sec
Solution :
; . 3 l'll Z4 d2
Velocityratio i=— = —~=—*+
Ny z, 4

. Speed of pinionn, = in,=5x230=1150rpm
Pitch line velocity of pinion v_=<7.5 m/sec
#td |,
60000
nxd, x1150

ie, ———— £ 75
1.e

IA

ie., 7.5 mfsec

d < 124.556 mm

I
Select pitch diameter of pinion d, = 120 mm

Pitch diameter of gear d, = id, =5 x 120 = 600 mm,
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To identify the weaker member temporarily assume

z,=20 - z,=iz, = 5x20=100
Assume o = 20° full depth involute

0912

Lewis form factor for 20° full depth involute y=0.154 - ———  —-2.98(Cld): 23.116 (New DDHB)
Z

2 0912
Lewis form factor for pinion y =0.154 - 0912 =0.154 - T =(.1084
Zy
0912 0912
Lewis form factor for gear y, =0.154 - =0.154 —T.—é“ =(.14488
2 z,
i} Identify the weaker member
. a, y oy Remarks
Particulars N2
Pinion 197 0.1084 21.3548
Gear 56 0.14488 8.11328 Weaker

i)

Since 0,, y, <0, y,. gear is weaker member. Therefore design should be based on gear.

Design
9550 1000 x NC 9550 x 100 x PC
a) Tangential tooth load F, = X 5= . whererin mm
nr nr
, 9550 I000NC, 9550 1000PC,
" Tangential tooth load of the weaker member F = —— 8 = ————>
2 n,t, Ny

Assume medium shock and 8-10 hours duty per day
. FromTable 2.33 (Old DDHB); Table 23.13 (New DDHB) ( Page 23.76), service factor C =15

d, 600
Pitch circle radius of gear r, = ?2 === 300 mm
) 9550 x 1000 x 20x 1.5
t.e., FI2 = 330% 300 =41522N
b) Tangential tooth load from Lewis equation F, o, byp C = o byp K,
- 2.93(01d DDHB) 23.93 (New DDI-[B)
Tangential tooth load of the weaker tnember F = 0, by.pC,=0, bypK,

Face width b Jamtodnmor95m<b<12.5m ---2. 126(Old), 23. 132 {New
DDHB)

s Select b =
0912
Zy

10 m ; circutfar pitch p=nm

0912 0912m

y.=0.154 - 0.154 - =0.154 - =0.154 - 1.52x 10 m

d;
m

X600 %230
60000

nd,n,
Mean pitch line velocity of weak ber ===
p v y er mem A p

= 7.2257 mfsec
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3
I+v,  3+7.2257

m

Velocity factor K = =0.2934 since v < 7.5 mfsec

----2.128(0ld DDHB); 23.134a (New DDHB)
Substituting all the values in Lewis equation .
41522 = (56)(10m){{0.154 - 1.52 x 16~ m}(mm) (0.2934)
ie, 8.045 = 0154 m*—-1.52x 10 m’
ie.. m*-987x10"m'-52.2384 =0
e, mM-987x107m' = 522384
Trail : 1
Select module m=6mm [Sclect standard module from Table 2.3 (Old DDHB); Table23.3 (New DDHB)|
ie, 6-987x 107 x 6" =2 52.2384: ie.33.868<52.2384
*. Not suitable

Trail: 2

Select module m 8mm
e, B2-987x 10" x& = 522384
ie., 589466 > 522384
Hence suitable

A%

<. Module m = 8mm
¢) Check for the stress
Aflowable stress o = (0, K )}=56x0.2934=164304 N/mm?

n:

R 41522

Tbysp (10x8)(0.154-1.52x 107 x 8)(m x8)
~—2.93(0ld DDHB): 23.93 (New DDHB)

- <(g,

Since (0,,K ), ,<(0,, K ), the design is safe. Also in order to avoid the breakage of gear tooth due to
bending, the beam strength should be more than the effective force between the meshing teeth.

F.C, F

= K% since C_in already considered = 0.293;

v v

= 14.56 N/mm*

Induced stress g, =(6,K))

Effective force F, = =14152N

Beam strength of weaker member th =0, by,p
(56) (10 % 8) (0.154 — £ .52 x [P % 8) (m % 8) = 1597043 N

Fh‘ > F,
Fos e _ 1597043
TR, | 14152 T

The design is satisfactory and hence the module should be equal to 8 mm
Module m = 8mm
Face width b = 10m=10x8 =80mm
' d, 120
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iii)

600

i 75 ----2.160(0ld DDHB); 23.160 (New DDHB)

Number of teeth on gear z,=

(=5
2 |\

Checking

- 21v,, x(F, +bC)
a) Dynamic load Fd = F: + m
m t

Tangentiul tooth load F =F,=4152.2
Meun pitch line velocity v =7.2257 m/sec
Face width b = 80 mm

From Fig. 2.29 (Old DDHB) Fig, 23.34a (New DDHB) for carefully cut gear when m = 8 mm,
Error f =0.0375 mm

FromTable 2.35 (Old DDHB); Table 23.32 (New DDHB) for a=20° full depth, steel - CI combination

For f = .05 mm; C = 398.28 KN/m = 398.28 N/mm
By interpolation
X _ 0.0375-0.025 ‘
398.28-192.14 0.05-0.025 42 13 N/mm
X = 103.07N/mm
. Forerrorf = 0.0375mm;
C = 192144 103.07
= 20521 N/mm
0.025 0.0375 .03

21x7.2257[4152.2 + 80 x 295.21]
21x 72257+ /41522 +80% 29521

b) Wearload F, =d, bQK ---- 2.160(Old DDHB); 23.160 (New DDHB)
2z,  2x75 '
Z,+2, T 15x75

ic, F=41522+ =17386.9N

Ratio factor Q = 1.667

(I

For safer design

F, = F
Le., d, bQK 2 F,
ie. (120)(80)(1.667) K >
17386.9

K = 1.0865 N/mm?®
From Table 2.40 (Old DDHB); Table 23.37B (New DDHB) for &= 20 FD and K = 1.0865N/mm?
Surface hardness for pinion = 300 BHN
Surface hardness for gear =250 BHN
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e
| Example 4.10 :

g Design a pair of spur gears to transmit a power of 18 kW from a shaft running at 1000 rpm to a
parallel shaft te be run at 250 rpm maintaining a distance of 160 mm between the shaft centers.
Suggest suitable surface hardness for the gear pair. (VTU Jan/Feb 20605, Jan / Feb 2006)
Data:

N =18 kW; n, = 1000 rpm; n, = 250 rpm; ¢ = 160 mm
Solution :
Assume
(i) CLASS -1II Precision gears
(ii) Pressure angle o = 20° full depth involute system.
(iii) Medium shock and 8 to 10 hours duty per day.
.. From Table 23,13 (New DDHB), service factor C = 1.5
(iv) Pinion material SAE 3245 (C - N_ steel) as the centre distance is small

Table 23.18 (New DDHB), ¢, =448 ~517 MPa

Take O9, = 500 MPa

n 1000 2y 4y
_ d, +d, _d,+id, _d,(l+i)
@ T T
. (1+4)d|
ie, 160 = —F——; .~ d] = 64mm and d2=256 mm

2

0.912
Lewis form factor for 20° FD involute system y = 0.154 — T-—-—2.98 (Old); 23.116 (New DDHB)

To identity the weaker member temporarily assume z =20
sz, =iz, =4x20=80

0.912 0912 4

Ly, = 0.154-—21 =0.154 - —-= =0.108
0.912 0912

y, = 0.154 - z, =0.154-““é—0'—=0.l426

To select the gear material equate G,y to Og, y,

i.e., 500 x (0.1084

It

Gy, x 0.1426
" g, = 380.084 N/mm’

From Table 23.18 (New DDHB}, Select the gear material such that its value of To, must be nearer to
380.084 N/mm?.

Hence select SAE 4640 Hardened by OQT as gear material . f>
5. G, = 379N/mm?
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®

(i)

Identify the weaker member
Particulars ;. Nimm? y ouy Remarks
Pinion 500 0.1084 54.21
Gear 379 0.1426 54.045 Weaker

As Oy, y, < Gy y,, gear is the weaker member. Therefore design shouid be based on gear.

Design

4550 x 1000 x NC, _ 9550x1000x PC,

(a) Tangential tooth toad F = ~ where rin mm

n n

T r

9550x 1000 x NC,  9550x1000% PC|

Nar Naly

. Tangential tooth load of weaker member F,| =

Assume medium shock and 8-10 hrs duty per day
-~ From Table 2.33 (Old DDHB) : Table 23.13 (New DDHB) (Page 23.76) Service factor C=15

. . . d, 256
Pitch circle radius of gearr, = S == 128 mm
B 9550 x1000x18x 1.5 2057.81 N
TR 250x 128 ST
(b) Tangential tooth load from Lewis equation
F = obypK, e 293 (Old DDHB) ; 23.93 (New DDHB)
Tangentiai tooth load of the weaker member F, = Gy, by, pC, = Oy, by, pK,
Face widthb=3ntm to4tmor9.5m<b < 12.5m - 2.126 (Old DDHB) ; 23.132 (New DDHB)
Seteci b = 10 m ; Circular pitch p = Tm
912 912
y,=0154- 2212 454 2202 0asa- 812 0154 3.5625 x10- m
Z, G2 256
m

Mean pitch line velocity of weaker member v, = %d(:”;(% = E{%&)}EQ
=3.351 m/sec

3 3
34va © 343351

.. 2,128 (Old DDHB); 23.134 a (New DDHB)

. Velocity factor K, = C, = =04724 (. v_<7.5 S—':E)

Substituting alt the vatues in Lewis equation
8057.81 = (379) (10m) (0.154 - 3.5625 x 10~m) (tm) (0.4724)

1.4326 = 0.154m* - 3.5625 x 10 m’
ie, m-0.02313m' > 93
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Trail : 1
Select m = 3 mm [Select standard module from Table 2.3 (Old DDHB) Table 23.3 (New DDHB)|
83755 < 9.3
. Not suitable
Trail : 2

Select m =4 mm
14.52 > 9.3. Hence suitable
.. Module m = 4mm
(¢) Check for the stress
Allowance stress o |

(0, K, =379 x 0.4724 = 179.0396 N/mm?
R, 8057.81
by:p (10 4){0.154-3.5625x 107 x 4)(mx 4)

114.708 N/mm?
the design is sufe

Induced stresso_, = (0 ,K), =

ol

<(o

ol

Since (0, K ),

viimd

K

~. module m =4 mm

all *

(iii) Dimensions

modulem = 4mm
Face widthb = 10 m=10x4 =40 mm
d, 64
Number of teeth on pinionz = == =16
m 4
d, 256
Number of teeth on gearz = —m”— =3 = 64

Centre distance a = 160 mm
From Table 23.1 (New DDHB) ; Table 2.1 (Old DDHB) for 20° full depth involute system
A Addendumh = Im=1x4=4mm
Dedendumh, = 1.25m=125x4=5mm
Working depth h'
Total depth h

2m=2x4 =8 mm
225m=225x4=9mm

Tooth thickness s — = — =6.2832 mm

Minimum clearancec = 0.25m=025x4=1mm
Pitch circle diameter of pinion d, = 256 mm
Pitch circle diameter of gear d, = 64 mm
Outside or Addendum circle diameter of pinion da, = (z +2)m = (16 + 2) 4 =72 mm
Outside or Dedendum circle diameter gear da, = (z, + 2) m = (64 + 2) 4 = 264 mm

Root or Dedendum circle diameter of pinion dfl =d, - 2h, wer 23.16 (New DDHB)
= 64-2x5=54mm
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Root or Dedendum circle diameter of gear dp, =d,~2h =256 -2 x 5 =246 mun

Tangential tooth load F, = 8057.81 N
Mean pitch line velocity v, = 3.351 m/sec
Velocity factor K, = C =0.4724

Service factorC_ = 1.5
Circular pitch P = mm=n x4 = 12.56.64 mm
(iv) Checking

21v,,(F +bc)

a) Dynamic foad F, = F‘+W
Tangential tooth load F = F, =8057.81 N
Mean pitch line velocity v, = 3.351 m/sec
Face widthb = 40 mm

From Fig. 2.29 (Old DDHB) ; Fig. 23.344 {New DDHB) for Class - 1l Precision gears when m=4mm:
Error { = 0.0125 mm.

From Table 2.35 (Old DDHB) : Table 23.32 (New DDHB) for o = 20° Full depth, Steel — Steel
combination and f = 0.0215 mm ‘

145 kN/m = 145 N/mm
21% 3351 (8057.81 +40x 145)

Dynamic load facior C

= T s+ JR0sTRI r d0 w1as ~ 242N
(b) Wear load F_| = d bQK ... 2.16{} (Oid DDHB) ; 23.160 (New DDHB)
L 2z, 2x64
Ratio factor Q@ = Z +'22 = 16+61 = 1.6
For safer design F, > F,
ie.,d bQK 2 F,
64 x40x 1.6 xK = 132425
ie., K 2 3233 N'mm?

From Table 2.40 (Old DDHB) ; Table 23.37B (New DDHB) for ¢ = 20FD and K > 3.233 N/mm?
Surface hardness for pinion = 450 BHN
Surface hardness for gear = 450 BHN

. Example 4.11
A compressor running at 400 rpm is driven by a 25 kW, 1200 rpm motor through a pair of 14/4°
involute spur gear. The centre distance is around 400 mm. The pinion is made of forged steel of static
allowable stress 190 MN/m’® and 350 BHN. Gear is to be made of cast steel of static allowable stress 180
MN/mm? and 300 BHN. Design the gear for safe continuous operation, Check the gear for endurance,
wear and dynamic strength. Name the class of the gear.
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Data :

n, =400 rpm; N =25 kW; n = 1200 rpm; o = [42°; a =350 mm;
crm = 190 MN/m? = 199 N/mnr o,, = 180 MN/m* = 300 N/mm?
Surface hardness of pinion = 356 BHN

Surface hardness of gear = 300 BHN

Solution : ‘
n £200 Zo  da
Velocity ratio i=—- = —— =3: Al -2 2
elocity ratio i s 200 SO i= 2 T
d +d, d,+id 1+i)d 1+3)d
Centre distance a= 12 2 -l 3 ! =( j) L e, 4()0=(—2)—-'—

Pitch circle diameter of pinion d =200 mm
. Pitch circle diameter of gear d, =id, =3 %200 =600 mm
To identify the weaker member temporarily assume z, =20
woz,=iz, = 3Ix20=60

Lewis form factor for 14'4° involute y =0, 174__(_}__@5&
z
0.684 0.684
Lewis forin factor for pinion y, =0.124 - ——— =0.124 - 0 = =0.0898
Z
0.684 0.684

Lewis form factor for gear y,=0.124 - =0.124 a0 = 01126

2

i) Identity the weaker member

Particulars O, Y Gy Remarks
N/mm*
Pinion 190 00898 17.062 Weaker
Gear 180 0.1126 20268

Since 0, ¥, <6, ¥,, pinion is weaker member. Therefore design should be based on pinion.

fi) Design
9550 < 1000 x NC 9550 x 1000 xPPC
a) Tangential tooth lead F = L= £ where r in mm
nr nr
9550 x IOOONC, 9550 < LOOGPC,
mr - oy

From Table 14.4 (Old DDHB.Volume-I) or Table 14.7 (New DDHB) for the driven mechanism
compressor load factor i.e., service factor C =1.75

. Tangential tooth load of the weaker member F =
i
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e F = 9SSOXIOOOXZ5X['75=3481.8N
't [200x 100

b) Tangential tooth load from Lewis equation F,=¢_bypC = o bypK, -—- 23.93 (New
DDHB)

~. Tangential tooth load of the weaker member FlI =g, by pC =0o, by pK,

H
Face width b = 3mmtod4tmor9.5m<b<12.5m

Select b = 10 m; circular pitch p=7m

. X .684
y,=0124- 288 _ 6104 O—Sﬁ 01242830 124 _342%10°m
Z 1
m
-—--23.115 (New DDHB)
nd x 2001200
Mean pitch line velocity of weaker member v_ = T = 12.5664 m/sec,

60000 60000
6 —
6+v,,  6+12.5664

Velocity factor K =C_ = =0.3232 (.- v_ < 20 mfsec)

----2.130(0ld DDHBY}; 23.136a (New DDHB)
Substituting all the values in Lewis equation
34818 = (190) (10 m}{0.124-3.42 x 10~ m) (rm) (0.3232)
L8048 = 0124 m*-3.42x 107 m*
ie. m—0.02758 m*~ 14.555=0
e, m—0.02758 m* > 14.555
Trail: 1
Select module m=4mm [Select standard module from Table 2.3 (Old DDHBY; Table 23.3 (New DDHB)]
ie, 4£-002738 x4 = 14555
14235 < 14555
Not suitable
Trail : 2
Select module m = 5mm
ie, 57-002758 x5 > 14,555
21.5525 > 14.555
Hence suitabie
. Module m

¢) Check for the stress
Allowable stress o, = (g, K),=19% x0.3232 = 61.408 N/mm?
F,_ 34818
byip  (10x5)(0.124 - 342 %107 x5)(n x5)
---- 2.93(0ld DDHB); 23.93 (New DDHB)

5mm

Induced stress o =(5, K) = = 41.47 N/mm?

o Mg T
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iii)

Since (0, K ), , <(0, K) . the design is safe. Also in order to avoid the breakage of gear tooth due
to bending, the beam sirength should he more than the effective force between the meshing teeth.
- . - Fl . C.\ FlJ
Effective force F_, = IL( =X since C_is already considered
34818
= ——— =1{J7729N
0.3232

Beam strength of weaker member Fhl =0, byp
(190) (10 x 5)(0.124 - 342 x L0 x 5)(m x 5) = 159522 N
F >F

by off

B 159522
F, 107729

It

. FOS=

The design is satisfactory and hence the module should be equal to 5 mm

. Module m = 5mm.

Dimensions
Module m = 5mm; Facewidth b=10m=10x5=50mm
. d, 200
Number of teeth on pinion z = W= s =40
d, 600
Numberof teethon gear z,=— =— =120
* m 5
Circularpitch p = mm=nx5=15.708 mm
Tangential tooth load F, = 3481.8N
Velocity factor K =C, = 0.3268
Service factor C, = 175

Mean pitch line velocity v = 12.5664 m/sec
Base circle diameter of pinion d"l =d, cos o =200 cos 14'2 = 193.63 mm
Base circle diameter of gear d,, = d, cos o = 600 cos 1442 = 580.89 mm
Pitch circle diameter of pinion d, = 200 mm
Pitch circle diameter of gear d, = 600 mm
From Table 2.1 (Old DDHB); Table 23.1 (New DDHB) for 14%2° involute system
Addendum h = Im=1x5=5mm
Dedendum h, L1157 m=1.157x5=5.785 mm
Working depth h' = 2m=2x5=10mm
Minimum totat depth h = 215 m=2.15x 5= 10.75 mm
Outside diameter (Addendum diameter) of pinion dul =(z, + 2 m=(40+2)5=210mm
Outside diameter of gear du“ =(z,+2) m=(120+2) 5 = 610 mm

1t

il

n: n 5=0.7854
2m-—-z)(‘—. mm

15T m=0,157 x5 =0785 mm

Tooth thickness s

Minimum clearance ¢

i
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Dedendum circle diameter of pinion dl,’ =d, —2h =200-2x5785=188.43 mm
Dedendum circle diameter of gear dl.2 =d,-2h =600 - 2 x 5.785 = 588.43 mm

iv) Checking

21v,, (F, +bC)
21v,, +JF, +bC
From Fig. 2.30 (Oid DDHB); Fig. 23.35a (New DDHB), for v = 12,5664 m/sec
Error { = 0.03 mm
From Table 2.35 (Old DDHB); Table 23.32 (New DDHB) for = [444° and steel — steel combination
When error f = 0.025 mm ; C = 279.48 KN/m = 279.48 N/mm
When error f = 0.05 mm ; C = 558.8 KN/m = 558.8 N/mm

a) Dynamic load F, = F + ---- 2.148 a (Old DDHB); 23.155 (New DDHB)

5588 N/mm’

By interpolation
X 0.03-0.025
558827948  0.05-0025
X = 55864 N/mm B
. Forerrorf = 0.03mm: 279.48 N/mm

Dynamic factor C=279.48 + 55.864 = 335.344 N/mm
21x 12.5664[3481.8 + 50 x 335.344]
21x12.5664 ++/3481.8 + 50 x 335344

=16637.IN 0.023 0.03 0.05
b) Endurance strength F,F =0 bYm=qg L b¥Ym ---- 2.153(0ld DDHBY); 23,158 (New DDHB)
where Y = my =mn[0.124-3.42x 10 x 5]=0.336
FromTable 2,39 (Old DDHB); Table 23.33 (New DDHB) for surface hardness = 350 BHN
Select endurance limit ¢ = o_, =620.5 N/mm?
- F=F = (620.5) (50) (0.336) (5) = 52122 N
AsF =F_ >F, the design will be satisfactory from the standpoint of strength.

ie. F,=3481.8+

¢) Wearload F_ = d, bQK Average surface hardness for the
. 2z 2x120 350+ 300
Ratio f; t = 2 - =1. . ol =
atio factor Q 2 +2, 404120 gear pairH = 5 =325BHN
Surface fatigue stress O, = 0_=(2.75 H, - 69) MPa ---- 2,168 ¢ (Old DDHB); 23.168 (New

DDHB)

= (2.75x 325 -69) = 824.75 N/'mm*
From Table 2.8 [Old DDHB Volume 1] or Table 2.10 (New DDHB Vol-I)
For steel Young's modulus E, =E, =206 GPa =206 x 10° N/mm?
2E\E,  2x206x10° x206x10°
E +E,  206x10° +206x10°

Equivalent Young's modulus E_= =206 x 1(* N/mm?

1430, ) sina .
. Load stress factor K = — B ---- 2.161({0ld DDHB): 23.161 (New DDHRB)
(4]
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143 %(824.75)" xsin 14 4
- 206% 10°
. Wearload F_ = (200) (50) (1.5) (1.18226) = 177339 N
AsF_>F the design will be satisfactory from the stand point of wear or durability.

=1.18226

v} Class of gear
From Fig. 2.29 (Old DDHB); Fig 23.34a (New DDHB) for module m = 5 mm and error f = 0.03 mm

The class of the gear is "First class commercial gear”.

Note : If F_ < F then for safer design F_ > F ie.,d,bQk 2 F,

~ k2 ---Nmm?
Suggest suitable hardness for the gear pair using Table 23.37B (New DDHB) for the

calculated value of K.

Example 4.12
Following are the details of a pair of spur gears
Details Pinion Gear

Rotational speed 1440 rev/min 720 rev/min
Allowable bending stress 200 MPa 180 MPa
Surface hardness 250 BHN 200 BHN
Modulus of elasticity 200GPa 200 GPa
Tooth profile 20° Full depth 20° full depth
Centre distance 132mm

Face width 32mm

The pinion has 22 teeth. Determine the power that can be transmitted based on

(a) Bending strength (b) Surface endurance strength.
Gears are manufactured to have ervor in action less than 0.02 mm, What should be the endurance

limit in bending of the weaker one to have endurance strength of 1.25 times the dynamic load.
VTU July/August 2004

Data:
n, = 1440 rpm; n, =720 rpm; ¢, = 200 MPa; o,, = 180 MPa;
E, =E, =200 GPa = 200 x 10° N/'mm?; @ =20° FD; a =132 mm; b =32 mm;
z,=22; error f<0.02mm; F_ =125F, :

Solution :
. T 1440
Velocit t =— =
elocity ratio i m 720
. 2 d,
Also i=— = —%
Z, d,

. Number of teeth on gear z,=iz =2x22=44
dy+d, d,+id;, d,{1+i)

Centre distance a = 5 = 3 = 5
d (1+2
ie, 132 = -—EL-*-“-)-

2
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-~ Pitch circle diameter of pinion d, =88 mm
Pitch circle diameter of gear d, = id =2x88=176 mm

Also d, = mz,
ie, BR = mx22
Module m = 4mm
, , 0912
Lewis form factor for 20° fuli depth involute y=0.154- === 23116 (New DDHB)
z
. Form factor for pinion y, =0.154 — 0912 =0.154 - 0—792]—2 =0.11255
2, 2
0.912 .
Form factor for gear y,=0.154 - =0.154 - 0912 ={0.133273
- Zq 44
i) Identify the weaker member
Particulars G, n y G,y Remarks
N/mm?
Pinion 200 0.11255 2251 Weaker
Gear 180 0133273 23989

Since 0, ¥, < 0,, y,, pinion is weaker. Hence design should be based on pinion.

a) i} Power transmitted based on bending strength

Tangential tooth load from Lewis equation F =0bypC =0 bypK, —--2.93(0ldDDHB):23.93
(New DDHB)

Tangential tooth load of the weaker member F =0, bypC =0, byp K,

|
fid,n, _ Tx88x1440
60000 60000

Mean pitch line velocity of the weaker member v = =6.635 m/sec

3 3

3+v, | 346635
—-2.128(0ld DDHBY); 23.134a (New DDHB)

(200 (32) (0.11255) (r: x 4) (031 14) = 2818 4N

9550 x 1000 x N _9550x1000x P

-~ Velecity factor K =C, .= =0.3114 since v < 7.5 m/sec

. Also F =
! ! nr
9550 x 1 P
ie. 28184 = H_%'i;

. Power transmitted based on bending strength, according to Lewis equation P = N = 18.7 kW. This
power should by multiplied by C, 1o get the design power

Power transmitted based on bending strength according to Spott's equation
(F)(FOS) = F, where F,=Beamstrength= o, bmY and FOS = factor of safety.
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Beam strength of the weaker member F, = (200} (32) (4) (n x 0.11255) = 9051.8

Assume FOS = 2
9051.8
v F, = B =45259N
Also F = CF +F; Assumeservicefactor C =1.5
. ,
.. . fn|z.|br{ 53
Assume both pinion and gear materials are steel . F = ———p/=—=

T 2530rf +12
Since error f < 0.02, take [ = 0.015

88
Pitch circle radius of pinion r = == > =44 mm
. . . d. 176
Pitch circle radivs of gear r,=—* = 5 = 88 mm
0.015)(1440)(22)(32){44)(88
- QUNHEIENENEE
2530447 +88°
ic., 45259 = 1.5F +236.54
1
~ F = 28596N
1
95501000 x N 9550 = 1000 x P
Also F = =
1 n,T nn
(e 28506 = 9550 1000 x P
Her SRS T 440 % 44

‘. Power transmitted based on bending strength according to Spott's equation P= N = 18.972 kW,

b} Power transmitted based on surface endurance strength
Wear load F_ = dbQK
2z, 2x44

2, +z, 22+44
Surface fatigue stress =6, =6 _ .= 2.75 H, - 69 = 2.75 x 200 — 69 = 48} N/mm?*---- 23.168 (New DDHB)
2E,E,  2%200%10°x200x160°
E,+E,  200x10°+200x10°
143x 4817 xsin 20

200x10°

Wear load = (88) (32) (1.333) (0.56578) = 2123.784 N.

Considering service factor and factor of safety as unity, according to Spott’s equation F,_= F'; +F

[}

n

Ratio factor Q £.333

Equivalent Young's modulus E = = 200 x 10* N/mm?

Load stress factor K =0.56578 N/mm??

fn,z,brr,
where F, = —— === =23654N
2530Jrf + 13
ie., 2123784 = Ftl +236.54 FII = 1887.244N
9550 % 1000x N 9550 x1000x P

Also F =
Y mr ety
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9550 1000 x P
1440 % 44
Power transmitied based on wear according to Spott's equation P = 12,52 kW

ie. 1887.244 =

¢) Endurance limit of the weaker member according to Buckingham's equation

21v,, (F, +bC)
Dynamicload F, = F + E_:TJ"’—MT ----2.148 a(Old DDHB): 23.155 (New DDHB)

From Table 2.35 for 207 full depth. stecl to steel
QL0125 mm ;: C= 145 kN/m= 145 N/mm
when f = 0.025mm:C=290kN/m=29%0N/mm 90 N

By interpolation ]
X 290- 145 r

when T

\

0.015~0.0125 = 0.025-00125 s N/
SX 20N/m
Forerror f=0.015mm.C=145+29= 174 N/mm
21x6.635[2818.4 + 32 x 1 74]
21x6.635+/28184 +32x [74

. F,=28184+

=7878.85 N 00123 RN 0023

Endurance strength F, =F = 1.25 F,=125% 7+ -.85=9848.56 N (given)
Also endurance strength F =F_ = o, bYm=0_b¥Ym----2.153(0ld DDHB); 23.158 (New DDHB)
ie., 984856 = (0 )32y (mx O.11255)¢4) (v Y =my )

Endurance limit o, = ¢ =217.6 N/mm?
i
Exainpl¥4.13
Design a spur gear drive to transmit 12 kW from 1500 rpm motor to a compressor run at 54 rpin
Data:

N=12kW; n, = 1500 rpm; n,=50rpm

Solution :
n, 1500

Velocity ratio i=— = —— =130
i I N,y 50

As the velocity ratio is more than 10, multistage reduction is recommended. Factorising 30 into
5 x 6. a two stage reduction drive as shown in Fig. 4.7 can be used.
Select the smaller speed pair for the gear design,

e, iz6=—l = 22 _ %2

n, z, d,
Speed of pinion n = 300 rpm
Speed of gear n, = 50 rpm
Assume ¢ = 207 full depth involute system
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* As the centre distance or diameter of gears or number of teeth on the gears are not given, refering

Table 2.6 (Old DDHBY: Table 23.6 (New DDHB) the minimum number of teeth on pinion to avoid
interference Tor 20° full depth involute tooth is 17.

. Select number ol teeth on pinion z =18

Numberof tecth on gear z,=iz =6x 18=108

51
—
1300
MOTOR
6|
|| S
FEEL T E T if iy IHrpm
| I
3rpm 50rpm
COMPRESSGR

.
Fig. 4.7 30rpm ; ;

Assume cast steel 0.20% C heat treated for pinion,
From Table 23.18 (New DDHB) for cast steel 0.20% C heat treated steel
Allowable static stress 6, = 173 MPa = 173 N/mm*

Lewis form factor for 20° FD involute y =0.154 - 0912 ---- 2.98(0ld DDHBY); 23.116 (New
z
DDHB)
0912 0912
y, = 0.154 - =0.154 - ~—— =0.1033
zZ, 18
0912 912
y, = 0.154 -« —— =0.154 - 091 =(.1456
- Z~

Equating o, y, 100y,
i.e., Gu] yl = 0.l'l’.’ yl
173 x0.1033 = o, x0.1456

- o, = 122,74 N/mm*
From Table 23.18 (New DDHB) the nearest value to 122.74 N/mm? is 124 N/mm?
- Select SAE 1020 case hardenced and WQT as gear material

Hence o, = 124 N/mm’
Assume medium shock and 8-10 hours duty per day

From Table 2.33 (Old DDHB); Table 23.13 (New DDHB}) service factor C = 1.5
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i) Identify the weaker member

Particulars g, . y oY Remarks
N/mim?
Pinion 173 0.1033 17.8709 Weaker
Gear 124 0.1456 18.0544

Since 6, y, <G, y,, pinion is weuker. Therefore design should be based on pinion.

Design, dimensions. dynamic load, wear load surface hardness number, etc are as explained in

Example 4.10.

Note :

According to Prof. MF Spotts
In order to avoid failure of gear tooth due to bending in the initial stages of design,

Fh>Fcrr

Introducing factor of safety F, = F . (FOS)

Where E,

N0 o3« ~Qa A4

-

= Beam strength = 6, mbY

Effective load =

Factor of safety

Ultimate strength
=ny

]

Module
Face width
Service factor

]

Velocity factor
9550 x 1000N
nr

[

Power in kW

"

C

v

hi

' o
Allowable bending stress = ?” (weaker member)

Weaker member form factor

Pitch circle radius of weaker member in mm
Speed of weaker member in rppm

The module obtained from equation (i) is based on beam strength,

Considering dynamic load according to Spotts F =C F+F 4

()

- (i)

- (ii})
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en,z,brr,

Where F, = Dynamic load = —== for steel pinion and steel gear
2530417 +135
en,z,bnr, -
; F, = ———=== for Cl gear and CI pinion
. 37851y +17
en,z brr, : -
F, = for steel pinion and CI gear

32601 +1;

Where e = Sum of error between two meshing teeth in mm = f

I

e, +e = error for gear + error for pinion

n, = Speed of pinion
z, = Number of teeth on pinion
b = Face width

Pitch circle radius of pinion

._‘
I

-
1]

Pitch circle radius of gear
Considering the dynamic load to avoid failure of the gear tooth due to bending
F, = F_(FOS)
= (F, C_+F) (FOS)
In order to avoid the failure of the gear tooth due to pitting
F, >F,
Considering factor of safety
F, = (F ) (FOS) Where F_=Wearload=d bQK

d, = Pitch circle diameter of pinion
b = Face width
2z,
Q = Ratio factor = ——=
z,+2,
14307, sinat
K = Load stress factor = —E
E = Equivalent Young's modulus = 2B, By
o E +E,
E, = Young's modulus for pinion material
E, = Young's modulus for gear material
o = Pressure angle
; o = Limiting surface fatigue stress = (2.75 H, -~ 69) MPa
H_ = Hardness Number (BHN) of the weaker member

ree (V)
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i

« = C F +F considering dynamic load

C.F, ) .
E, ~— Neglecting dynamic load.

C,
Considering dynamic load to avoid failure of gear due to pitting
F, = (C_F +F)FOS (V)

Considering the FOS as unity F_= C.F +F,
The gear can also be designed using Prof. MF Spott's equations.

4.15HELICAL GEARS

. Helical gears are gears in which the teeth are cut in the form of helix around the geaﬁ)ielical
gears are used to connect parallel shafts and also non parallel, non intersecting shafts. Helical
gears used to transmit power between parallel shafts are called parallel helical gears, and helical
gears used to transmit power between non paralle] shafts are called crossed helical gears. Helical
gear teeth pickup the load gradually. This gradual contact across the teeth results in less impact
loading and thus helical gears operate more quietly than spur gears, have longer life and are stronger.
Meshing helical gears must have the same helix angle but opposite hand of helix. As a result of
helix angle, both radial and thrust loads are imposed on the helical gear support bearings.

Fig : 4.8 a shows a helical gear. Fig. 4.8 b shows a parallel helical gear. Fig. 4.8 ¢ shows a
crossed helical gear.

NN

 Fig. 4.8

i) Helix angle (B) : It is the angle between a element of the helical tooth and the axis of
rotation of the gear.
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ii) Transverse Circular pitch (p) : It is the distance between corresponding points on adjacent
tooth measured on the pitch circle.

iii) Normal circular pitch : It is the distance between corresponding points on adjacent tooth
measured in a direction normal to the tooth.

P, = p,cos B
Normal diamnetral pitch

p = %= Pa
" p, cosp
TLCOS :
p, = diametral pitch = meos} = cosp = cosf}
a um, m_
z Z, d, cosf
Alsop = L =22, . z=pd = 12220
pd dl d2 | pd ] mn
. mnzl
ie, d, = 2(;;—6 -—-2.227(Od DDHB); 23.227 (New DDHB)
d, cosp m,z,
similarly 2, = p,d, = T 7 o dy= 7oy - 2.228(0d); 23,228 (New DDHB)
n .
d, +d,
Centre distance ¢ = — > = ---~2.229(0ld DDHBY); 23.229 (New DDHB)
n, z, 4,
Velocity ratio 1 = "n_ = ';" = ----2.210(0ld DDHB); 23.210m (New DDHB)
2 1 1

Where B = Helix angle

m,. = Normal module

[=%
I

pitch circle diameter of pinion

=1
]

pitch circle diameter of gear

4.16 DOUBLE HELICAL GEAR

A double helical gear is as shown in Fig. 4.9. These gears have two sets of opposed helical
teeth. One having a right hand helix and the other left hand helix. These two sets of teeth are often
cut on the same gear blank with a small space separating them. Axial thrust which occurs in case
of single helical gears is eliminated in double helical gears. It is used to transmit heavy loads at high
speeds.
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- e
/4/"/ ) \‘\
e -
o \?\\\\'\.
. \

4.16.1 HERRINGBONE GEAR

Itis basically the same as the double helical gears but in this gear there is no space separating
the two opposed sets of helical teeth as shown in Fig. 4.10 a and Fig. 4.10 b.

4k

{a)

Fig. 4.10
4.17 Helical gear forces

The resultant force F acting on the tooth of a helical gear is resolved into three components
F,F and F_ asshownin Fig. 4.11 a.

. M [{ . M 12
Let F = tangential force = =
r t,

F = separating force or radial force

F = axial or thrust force

F = resultant force

B = Helix angle
o, = normal pressure angle = pressure angle measured ina plane

perpendicular to tooth



278 Design of Machine Elerments -

Center Iine of toth

Prich exvlinder

B
F.
b .
| D F >
@ (b) ©
Fig. 4.11
M, = torque on the gear
r = Pitchcircle radius
& = Pressure angle measured perpendicular to the axis of gear
From A ABC (Fig. 4.11 b)
: E , :
sin o = F - F = Fsino - (i}
BC .
coset, =~ BC = F cosot, ----(ii)
From A" BDC (Fig. 4.11 ¢)
B = o : F,= Fcos o, cos B (iii)
= —— = e = S ———
cas BC - Feosa, . cOs & €O iii
o _ R __FR E - Feosa s .
sinf} = BC ~ Fooso, = F = Fcos o sin B -—-- (iv)
Equation (iv) divided by (iii) gives
F, Fcosa, sinf
F = Feosa cosp =tanB
) cosa, cosf3
Axial force F_= Ftanf —n)
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Equation (i) divided by (iii) gives

i Fsina, tanor,
F - Fcoso, cosf ~ cosf
tano .
Radial force F = F, c_o';B_ v

From (iii) Tangential force F =F cosa cosf
The direction of the thrust or axial component depends upon the hand of the helix and the
direction of rotation of the gear under consideration,
The following points should be remembered while determining the direction of thrust component,
(i) Select the driving gear.
(i) Use right hand for RH helix and left hand for LH heljx.

(i) Keep the fingers in the direction of rotation of the driver gear and the thumb will indicate the
direction of the thrust component for the driving gear.

{iv) The direction of the thrust component for the driven gear is opposite to that of the driver
gear.

4.18 VIRTUAL OR FORMATIVE OR EQUIVALENT NUMBER OF TEETH
=.’:The number of teeth of the equivalent spur gear in the normal plane is known as formative
number of teeth or equivalent number of teeth or virtual number of teeth.
The pitch cylinder of the helical gear is cut by plane A-A, which is normal to the tooth elerments
as shown in Fig. 4.12. The intersection of the plane A-A and the pitch cylinder produces an ellipse.

The semi-major and semi-minor axes of this ellipse are ( J and (g—) respectively. It can be

2cosf
proved from analytical geometry that the radius of curvature r_at point B is given by

.

. . . . a
1.e., radius of curvature of ellipse r.= N

where a and b are semi-major and semi-minor axes respectively. Substituting the values of a
and b in the expression for re

-4 —)

In the design of helical gears, an imaginary spur gear is considered in plane A-A
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< Pitch Cyiinder

Fig. 4.12
with a pitch circle radius of r_and module m . It is called a ‘formative’ or ‘virtual’ spur gear. The
pitch circle diameter d_of the virtual gear is given by

d, = d (ii)
¢~ cos’P -
The number of teeth z_on this imaginary spur gear are the virtual number of teeth. Itis given by
ome,  2m(d/2cos’B) d m,z 1 L M
T P, (mm,) " m,cos’B cosf m,cos’P cosf
z
Formative number of teeth z = —5— ----(ii1)
‘ cos B
where z is the actual number of teeth and = Helix angle
The equivalent number of tecth is used to determine the Lewis form factors y
0.684 .
y=0.124 - for 14%4° involute ----2.97(0id DDHB); 23.115 (New DDHB)
z,
912
y=0.154 - for 20° full depth involute-—-2.98(0ld DDHB); 23.116 (New DDHB)

9
y=0.17 - 9——5— for 20° stub involute ----2.99(0ld DDHB); 23.117 (New DDHB)
z

¥
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4.19BEAM STRENGTH OF HELICAL GEARS
In order to determine beam strength, the helical gear is considered to be equivalent to a
formative spur gear.
The formative gear is an imaginary spur gear in
a plane perpendicular to the tooth element. The pitch
circle diameter of this gear is d , the number of teeth
is z_and the module m . The beam strength of the
spur gear is given by, E
F,=mboY - i)
This equation is applicable to the formative spur
gear,
Referring to Fig. 4.13

F, = (F,), = beam strength perpendicular to the

tooth element;
) b b
m = m_=normal module; face widthb = c_os“
and Y =7y Fig. 4.13

y = Lewis form factor based on virtual number
of teeth z . Substituting these values in equation (i)

(F), = %:EY - (ii)
In Fig. 4.13 F, is the component of (F,}, in the plane of rotation. Thus,
F, = (F) cos B ---- (iii)
From (ii) and (iii)
F, =mbo, Y ----{iv)

Equation (iv) is known as Lewis equation for helical gears. In this equation, the form factor Y
is based on the virtual number of teeth. The beam strength F, indicates the maximum value of
tangential force that the tooth can transmit without bending failure. It should be always more than
the effective force between the meshing teeth.

The modified form of lewis equation used in the design of helical gear is,

F[ _ Gobyp(ljfv cosp - Ut)béincv - E[’bé*l:f"K_Yu since p,= ESSEE - 2.286(01d)
3 23.286 {(New DDHB)
where K = C = Velocity factor
C.. = Wear and lubrication factor ---- Tabie 2.56(Old DDHB); Table 23.47 (New DDHB)
o, = Static allowable stress ---- Table 2.57(0Old DDHB); Table 23.48 (New DDHB)
P, = mm = normal pitch, m = normal module
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4.20DYNAMIC LOAD

The dynamic load is assumed to be inclined at an angle in to the tangentia! plane. Referring
to Fig. 4.11a, the dynamic load F acts in the same direction as the resultant force F. According to
Buckingham, the dynamic load of the helical gear is given by the equation.

(F +bCcos’ BycosP

21v
+ ol
21v,, ++/F, +bCcos’B

F=F

d

---- 2,297 a(Old DDHB): 23.309a (New DDHB)

4,21 ENDURANCE STRENGTH
The endurance strength of the helical gear is given by

F=F,= o_bY mcosp=0,bY meosp - 2.290(0ld DDHB); 23.293 (New DDHB)
=06 b(my) i cosf} = 6, b (1y) M cosP
cos cosf

=0 -1 bpny = O-I' bP“y [.“ T[]Tl“= pn:I
The dynamic load should be less than the endurance strength by a reasonable margin of
safety.

4.21.1 WEAR LOAD

The wear strength indicates the maximum tangential force that the tooth can transmit without
pitting failure. It should be always more than the effective force between the meshing teeth. According
to Buckingham's equation

d bQK
Wear load F, = CIOQ?B ---= 2.208(0ld DDHB); 23.310 (New DDHB)
1 “ls, 22—'1
Ratio factor Q = —2— =2

Z),tL;, I1tI,

0%, sina, Ogsing,
—le— e o =" _.2.299(0ld DDHB); 23.311 (New DDHB)

Load stress factor K

07E,  O7TE,
where tan & = tang, cos P and o = Normal pressure angle
Equivalent s modulus E, = —o12
H ung $ =
quivalent young's modulus E_ E, +E,

Limiting stress for surface fatigue 6, = o .= (2.75 H - 69) MPa
----2.291 ¢c{Old DDHB); 23.294a (New DDHB)
For safer design wear load must be greater than dynamic load.

4.21.2 Procedural steps for the design of helical gear

The design procedure for helical gear is almost the same as that of spur gear
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Let in_ = Normal module
m,

m_ = Transverse module =

' cosf3
p, = Normal pitch
p, = Transverse pitch = P

! ‘ cosfd
o = Normal pressure angle

i) Identify the weaker member
Itis first necessary to determine which is weaker, the gear or pinion

Particulars c, y o,y Remarks
Pinion Gy, ¥, O ¥,
Gear 002 Y, 003 ¥,

From Table 2.57 (Old DDHB); Table 23,48 (New DDHB) obtain the allowable static stresses Oy,
and o, for the given materials. For the given normal pressure angle and tooth form, Lewis form
factor y for pinion and gear can be obtained using the following formulae.

y = 0.124 - 0.684 for 14'2° involute ---- 2.97(0ld DDHB); 23.115 (New DDHB)
ZV
0912 . .
y = 0.154 ———— for 20° full depth involute ~ ---- 2.98(0ld DDHB); 23.116 (New DDHB)
z,
0.95 .
y = 0.17 - —= for 20° stub involute --—-2.99(0ld DDHB); 23.117 (New DDHB)
zZ

¥

z
where z_= Virtual number of teeth = ~C-

os' B

The gear whose value of @ y is less is the weaker member

---- 2.285(0ld DDHB); 23.285 (New DDHB)

Le, if o, y < 0G,y, pinion is weaker
if 0, y,< 6, ¥,, Gear is weaker
Design should be based on weaker member
ii) Design based on module in normal plane (m_) as standard module
a) Tangential tooth load
9550 x 1000 x NC, 9550 1000 x PC,
nr = nr

---~ 2.87 b(Old DDHB); 23.87b (New DDHB)

. d m,z
where r = Radius of the weaker member = — =
2 2cosP
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n = Speed of weaker member

C, = Service factor  —--Table 2.33(Old DDHB); Table 23.13 (New DDHB)

b) Tangential tooth load from Lewis equation
o,byp.C, cosp _ 0,byp.K, cosp

l:"l = C— = ———C—— ---- 2.286(0ld DDHB); 23.286 (New DDHB)

_ S.byp Ky [, o Py
s " cosP

w

m
P <b< - - 2.277 and 2.280(0ld DDHBY; 23.277and 23.280 (New DDHB)
tanp tanf

e, —Pn ., 20m,

" cosP.tanf cosf.tanf
) wm, 20m,
ie, —H<b<<— Selectb=10m
sinf sinf "

C_ = wear and lubrication factor --— Table 2.56(0ld); Table 23.47 (New DDHB)

45+v

m

-~ 2.288(0ld DDHBY; 23.288a (New DDHB)

K =C = velocity factor = up to 12.5 m/sec

6
= Erv up to 20 m/sec  ---- 2.289 a(Old DDHB); 23.89a (New DDHB)

m

5.6 5.55
= 20 m/ ---2.289b{0OId ); 23.2 New DDHB
5.6+m 5.55+m over sec gb( ) 3 903.( cwW )

By equating the equations obtained from (a) and (b) and by trial and error method, find module
|m ]

{c)} Check for the stress
Calculate the induced stress by the equation
byp

n

o= K}, = -—--2.286(0ld DDHBY; 23.286 (New DDHB)

Allowable stress g, = (o, K)
If (6, K),, < (6, K)

ili) Dimensions

all

then the design is satisfactory.

alt?

Caiculate all the important geometric parameters of tooth profile by using the equations given
in table 2-1

i.e., Addendum h , Dedendum h_, Tooth thickness, Total depth h, Clearance ¢, Outside diameter
of pinion and gear (da, andd )
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Also calculate, Tangential tooth load F, using the equation from (ii) (a)
d, +d,
Center distance a = ]T ---- 2.229(0ld DDHBY; 23.229 (New DDHB)
Face width b
Root or dedendum circle diameter of pinion and gear using formulas 2.246 and 2.247(01d
DDHB); 23,246 and 23.247 (New DDHRB).
iii) Checking

a) Dynamic load
According to Buckingham's equation
21v_(F, +bCcos” B)cosp
21v,, +/F, + bCcos’B
To find dynamic load factor C, use Tables 2.34 and 2.35(01d DDHBY; Fig. 23.35a and Table 23.32
{New DDHB)
Use Fig. 2.29(Old DDHB); Fig. 23.34a (New DDHB) to find the error 'f' if the class of gear is known.

Dynamic load F =F+ ---- 2.297 a(01d): 23.309a (New DDHB)

(b) Endurance strength
F.= F = 0 bYm cosf=0,bYm cosf---- 2.290(0ld DDHB); 23.293 (New DDHB)

m m,

5 cosf

il

(o_)(b)}my)

“~ cosfl = o, b (ny)
cosP cos

= o bp y=0bpy
For safer design F; must be less than the allowable endurance strength.
{c) Wear Load
According to Buckingham's equation

d,bQK
Wear load F_ = js?ﬁ ----2.298(0ld DDHB); 23.310 (New DDHB)
2z, 2z
Ratio factor Q = = 2
Zlv + qu ZI +22
Load factor K = S-Sy _ G sina, o 23,311 (N
ad stress factor K = 07E. = 0.7E, ---- 2.299(0ld DDHB); 23.311 (New DDHB)
Equivalent ‘s modulus E = —iE2
ulv (o] S I ] =
quivaient young ulus E, E, +E,

Limiting stress for surface fatigue 0,,.= O_ = (2.75H, - 69) MPa
---- 2.291 ¢(Old DDHB): 23.294a (New DDHB)
For safer design F, must be greater than F,
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If F, < F, then make one or more following changes
(i) Calculate error F by decreasing error 'f (i) Decrease the module m_
{iii) Increase the face width b (iv) Increase the surface hardness.

Example 4.14

A pair of mating helical gears have 20° pressure angle in the normal plane, The normal module is 5
mm and the module in the diametral plane is 5.7735 mm. The pitch diameter of the smatler gear is 115.47
mm. If the transmission ratio is 4:1 calculate (i) Helix angle (ii} Normal pitch (iii) Transverse pitch (iv)
Number of teeth for each gear (v) Addendum (vi) Dedendum (vii) Whole depth (viii) Clearance (IX) Tooth
thickness (x) Working depth (xi) Qutside diameters (xii) Centre distance (xiii) Root or dedendum circle
diameters (xiv) Base circle diameters.
Data:

o, =20° m =5mm; m =5.7735mm; 4 = 11547 mm; i=4

Solution :

i) Helix angle

m

Transverse module m, = "ﬁ ---2212(0ld DDHB): 23.212{New DDHR)
Ccos
) 5
Le, 57735 = ——
cosf
. Helixangle f = 3°
ii) Normal pitch
p,=7m =7 x5=}5708 mm - 221 1{Old DDHBY, 23.211 (New DDHB)
iif) Transverse pitch
p,=mtm=71x357735=18.138 mm ----2213(0ld DDHB); 23.213 (New DDHRB)
iv) Number of teeth on each gear
. .. n; Z, d,
Velocityratio i = — =— = —=
» Zp 4,
m
Pitch circle diameter of pinion d = c—c:s% ----2.227(Old DDHB): 23.227 (New DIDHB)
e, 11547 = 251
ie, 11547 = 530

" Number of teeth on pinion z =20
*. Numberof teeth on gear z,=iz =4 x20=80
From Table 2.1 (Old DDHB): Table 23.1 (New DDHB) for pressure angle o =20° (fulf depth)

V) Addendum h

a4

Im=]x5=5mm

vi) Dedendumn h, = 1.25m =125x5=625mm
vii) Wheledepth h = 225m =225%x5=1125mm
viii) Clearance ¢ =025m =025x5=125mm
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ix) Tooth thickness s = m= - x5=785mm

R
[ =]

x) Working depth hy
xi) Outside diameter of pinion da ;=4 +2h = 11547 +2x 5=125.47 mm ---- 2.245(0ld ). 23.245 (New)

Outside diameter of gear da, = d, + 2 h =461.88+2x5=471.88 mm
---- 2.246(0Old DDHB): 23.246 (New DDHB)

2m =2x5=10mm

d, +d,
xii} Centre distance a = — _— -——-2.229(0ld DDHBY); 23.229 (New DDHB)
Pitch circle diameter of gear d,=id,=4x115.47=461.88 mm

11547 +461.88

. Centre distance  a = % =288675mm

xiii} Root or dedendum circle diameter of pinion d"i =d -2 h—-2247(0ld DDHB): 23.247 (New DDHB)
= 11547-2x6.5=102.97 mm

Root or dedendum circle diameter of gear d“ =d.~2h ----2248(0ld DDHB); 23.248 (New DDHB)
= 461.88-2x6.5=449.38 mm

xiv) Base circle diameter of pinion d"n =d, cosq, - 2.249%(Old DDHB); 23.249 (New DDHB)

tanct,  tan20

Transverse pressure angle, tan o= ---2.221(OLI DDHBY, 23.221 (New DDHB)

cosP cos 30

" Transverse pressure angle, o = 22.796°
wod, = 11547 c0s22.796 = 106.45 mm

h
I
Base circle diameter of gear (Ih: d,cos ¢, =461.88c0s 22796 =425.8 mm - 2.250(0Old ); 23.25(}¢ New)

Example 4.15

A pair of parallel helical gears is shown in Fig. 4.14. A 5 kW power at 720 rpm is supptied to pinion
through its shaft. The normal module is 5 mim and the normal pressure angle is 20°, The pinion hus right
hand helix, while the gear has left hand helix. The helix angle is 30°, The arrow indicates the direction of
rotation when seen from the right hand side. Determine the components of the tooth force and draw a free
body diagram showing the forces acting on the pinion and the gear.

R.H

£,= M

77 TN

Fig. 4.14
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Data :
P=N=5kW n, =720rpms; m_=3mm; ¢, =20°; B=30°; zZ,= 20; z,= 30
Solution :
Torque on the pinion shaft M = 60107 XN = 60x10° x5 =66314.56 Nmin
" 2mn, 2nx 720
Pitch circle radius of pinion r = B RLE =57.735mm
2cosP 2cos30
Pitch circle radius of gear r, = Tty _ 5x30 =86.6mm
© * 0 2cosPp 2cos30
Tangential force F = -M"‘—' = 66314.36 =1148.6N
: T 57.735

Ftano, [14B6xan20
cosf = cos 30

Axial or thrust force F =F tanp=1 148.6  tan 30 = 663.145 N

The free body diagram of forces acting on the pinion and gear is shown in Fig. 4.15.

Separating or Radial force F

=482.73N

PINION
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X 1_\-!\}\ \
\/f:'}anW.l 6
Design a pair of helical gears to transmit power of 15 kW at 3200 rpm with speed reduction 4:1
Pinion is made of cast steel 0.4 % C untreated. Gear made of high grade CI. Helix angle is limited to
26° and not less than 20 teeth are to be used on either gear. Suggest suitable surface hardness for the
gear pair.
Data :

P=N=15kWw; n, = 3200 rpm; § =26 £,=20; i=4;
Pinion material - 0.4% C untreated; Gear - High grade CI

Solution :

. L ny, oz, d,
Velocity ratio 1 = — == =—=
n, z;
‘ n, 3200
. Speed of gearn, = s 800 mpm
Number of teeth on gear 7, = iz, =4x20=80

FromTable 2.57 (Old DDHBY): Table 23 .48 (New DDHB) allowable stress for 0.4 % C unireated
09.6 MPa = 69.6 N/mm?
31 MPa=3] N/mm?

(¢

o

High grade CI o,

Formative number of teeth 7 = ?} ; == 2.285(0ld DDHBY; 23.285 (New DDHRB)
cos’
. . - 7, 20
* Formative number of teeth on pinion 2 = —5— =—";— 227545
" cos"B cost26
- . Za 80
Formative number of teethon gear 2z, =—3%— =——— =|10.18
 cos" P cos'26
Assume pressure angle in the normal plane o, = 20° full depth
. - 912
Lewis form factor for 20° full depth y =154 - 0912 —-2.98(0ld DDHBY); 23.116 (New DDHB)
z,
0.9 .
. Form factor for pinion y =0.154 - 0912 =0.154 - 0912 ={).1208
7y, 27.545
912
Form factor for gear v, = 0.154 - 0912 =0,154 - 0912 =0.1457
- Za, 018
i) Identify the weaker member
2t Gu

Particulars N/ ¥ oy Remarks

Pinion 9.6 0.1208 34077

Gear 3l 0.1457 4516 Weaker

As G,,y, <0,y gear is weaker. Therefore design should be based on gear,
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i)

Design

a) Tangential tooth load
95530 x 1DONC, 9550 1000PC, )
== ~—--—= where ris mm

--—- 23.87 b (New DDHB)

9530 x JOOONC, 9550 1000:'C

< Tangential tooth load of the weaker member gear F = —-—-rm-————" = —=--r oo o
2 fialy N4ty

! nr nr

Pitch circle radius of gearr,= — e = =445 m
T2 2cosfp Zcoslo

Assume medium shock and 8 - 10) hours duty per day
*. FromTable 2.33 (Old DDHB): Table 23.13 (New DDHB). service factor C = 1.5
. 9550 1000x15x 15 60358
ie., F, = S00x 44.5m, T m,

n

b) Lewis equation for tangential tooth load

[ = o,byp,C, cosf _o,byp,C, o.byp, K, ( _ Pa )
e C. I o -Gy TP cosf3

---- 2.286(Olt DDHB ); 23.286 (New DDHB)
Since gear is the weaker member
G(szyz P,,Cv Gl].’,hy'.’anv
F , = =t = R
= C\v Cw

Assume scant lubrication bul frequent inspection
.. From Table 2.56 (Old DDHB): Table 23.47 (New DDHR). C_ = 1.25

20m
P < b< e === 2.277 and 2.280{Old DDHBY; 23.277 and 23.280(New DDHB)
tan b tan
Tm 20m

My ¢ he M
sinP sinf}
* Select b = (0m
CGBDU0mM,)(0145T)(nm, K, ; )
e b= S = Mm)8s  13s17m2K, (i)

Equating equations (i) and (i)

, 6035.8
H3S1Tm- K, = ———
‘ ) Inll
. m' K = 53171 ~-- (i)
Mean pitch line velocity of the weak bory = Toalz | RMyzyn  7m, 80X L oy
(4H 11iNe yeloc Or1 e weaker meny = = = =3./2 seC
PR Hne velotily OTHIC WEREr MEMBEr V™ 60000 ~ 60000cosp - 60000 % cos 26 M, MVEe
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Trial : 1
Scleet module m, =5 mm [sclect standard module from Table 2.3 (Old DDHBY, Table 23.3 (New
DDHB)|
= 37284 x 5 = 18.642 m/fsec

n

(v <20 m/sec) ---- 2.289 a(Old DDHRB); 23.2890 (New DDIIB)

Velocity factor K =
R X Y

m

6 0.2435
6+18.642 T

Now from equation (iii)
(302435 > 33.17]
304375 < 53171

Not suitable

Trial: 2
Select module m = 6mm
v o= 37284 x 6=22.3704 m/isec
. 5.6 )
Velocity factor K = C‘_ = W since v > 20 m/fsec

---- 2.289 b(Old); 23.290a (New DDHB)

56
= 564223704 = 0342
From equation (iii)
(6% (10.542) > 53.71
117.1 > 53.71
Hence suitable
Normal module = 6mm

¢} Check for the stress
Allowable stress o, = (6,K),, =31 x0.54 = 16.74 N/mm’
F..C,
Induced stress o, = (6,K) = bl_ ---- 2.286(0ld DDHBY); 23.286 (New DDHB)
) yZPn -
(P%S—ﬁ) x1.25
= = 7.63 N/mm?
(10x6)(0.1457)(nx6) ~ /2 /mm

Since (0,,K ), | < {(o,,K)),, the design is safe.
Also in order to avoid the breakage of gear tooth due to bending. the beam strength should be more than
the effective force between the meshing teeth

. F(2Cs F:z - . .
Effective force F, = K -k Since C, is already considered
v v
60358/6
= -(-*)- = 1856.032 N

0.542
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_ Opbyap,  (31){(J0x6)(0.1457)(mx 6)
wTC h 1.25

w

Beam strength of weaker member F =4086.6 N

F,>F

hl off
F, 40866

. FOS = =),
FOS F, 1856032

The design is satisfactory and hence the module in normal plane should be equal to 6 mm
ie., Normalmodule m = Omm
iii) Dimensions
Module in normal plane m = 6mm
Mo . O _66756mm
cosPp cos26

Face width b = 10m =10x6=60mm

Module indiametral plane. m =

. mm, TAX6 I
‘ s = ——— =43 nun
min SN B SN 26

since b > 43 mm, safe
Normal pitch P, = nm_=nx6=18.85 mm
Axial pitch p, = mm =nx6.6756=20.972mm
m,z, 6x20

Pitch circle diameter of pinion d = ——r-ﬁ: =6 133.5 mim
cos 082

. ) ) ) mz, 6x80
Pitch circle diameter of gear d, =" = ———— =534 mm
* cosP cos26

. d,+d, 133.5+534
Centre distance a = *E*‘*=*ﬁ'3~ =33375mm

From Table 2.1 (Old DDHB); Table 23.1 {New DDHB) for pressure angle 20° {ull depth involute system

Addendum h = Im =1x6=6mm
Dedendum h = 125m =125x6=7.5mm
Whole depth h = 2.25m =2.25x6=13.5mm

Clearance ¢ = 0.25m =0.25x6=1.5mm

il

- —)
m Xf) .4@5“"“

Working depth h' = 2m =2x6=12mm

Tooth thickness s

il

Outside or Addendum circle diameter of pinion d_ =d,+2h ~ ----2.245(0ld): 23.245 (New DDHB)

= 1335+2x6=1453mm

Addendum circle diameterof gear d . =d,+2h —-2.246(0ld DDHB): 23.246 (New DDHB)

= 5344+ 2x6=546mm

Root or dedendum circle diameter of pinion d_=d ~2h  ----2.247(0ld DDHB): 23.247 (New DDHB)

= [335-2x7.5=1185mm



Design of Spur And Helical Gears 293

iv)

Root or dedendum circle diameter of gear d,=d,~ 2 h----2.248(0id DDHB); 23.248 (New DDHB)
= 534-2x75=519mm

tana
For transverse pressure angle  tane, = -———ﬁl - 22210 DDUBY 23221 (New DDIHIB)
Cos
tin 20
= T 0404954
cos26o

" Pressure angle in the diametral of plane o =22.04577
Buse circle diameter of pinion db, = d cosa - L0 DDTB Y 23 240 ew 21313
= 1335008 2240457 =2 123 T mim
Base circle diameter of gear db, =d,cosce = 534 cos 22,0457 = 494,96 mm.
- 22500080 23 230 (New DD
Mean pitch line velocity v = 223704 m/sce
(.54

i

Veloctty factor K =C,
13

Service factor €
Wear and lubrication factor C, = 125
GUASS  6U3AE

R IU[ )() N
0

m, ]

Tangeatial tooth foud K

Checking
4) Dynimic Load
According to Buckingham's equation,

21y, (Fl +hCeus® B) cosf

Dynamic load Fi=F+ --- 2297 a(Old); 23.309a (New DDHIY

v, + \/Fl +bCeos™ B

trom Fig. 2,30 (Old DDHB); Fig. 23.35a (New DDHRB) for v, =22.3704 m/see
Error{ = 0015mm
From Table 2.35 (Old DDHB ) Table 23.32 (New DDHB) for 2F I . Steel - C1 combiration

KN
wheneror f=0H25mm C = 99,57 kN/m =99.57 Nanm: when etror £ =40.025 maw ¢ = 18714 “J\f;*

By interpolation Pe N oy

Dynamic factor C

X 0.015-00125 o

= - it i
192.14-9957 ~ 0.025-0.0125 / R
18,514 N/mm / ;
. Y337 Ninm
s Forerrorf = 0.015 mm

99.57 + 18.514 = 118.084 N/mm

Il

SOX

(i 2a N 1025
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2% 22.3704[!()06 +60% | 18084 cos? 26] cos 26

o= 1006 + =
21x 223704 + 41006+ 60 x 1 18.084 cos” 26
= 6153527 N
(h) Wear toad
According to Buckingham's equition
d,bQK .
Wear loud F = MI-%? ---- 2.298(0ld DDH1B): 23.316 (New DDIIL)
Cos
Ratio § () :‘-/-:\ 22’.3 2% 50 16
ato factor Q = e o =1
Hlio e Lot ae 2ty 20480

For saler design F 2 F
. d,bQK
ic.

" cos”

I335x60x 6 xK

. > 0155.27
cos™ 20

.
ie. K2 0388 N/’
From Table 23378 (New DRHB) (oroc=20° and K 2 (.388 N/inm’
Surfuce hardness for pinion = 200BHN
* : Surface hardness tor gear = [S0BHN

" Exapple 417

A pair of carefully cut (Class - 11} helical gears for a turbine has a transmission ratio of 10:1 the
teeth are 20° stub involute in the normal plane. Pinion has 25 teeth and rotates at 5000 rpm. Material
for pinion and gear is 0.4% carbon steel untreated. Determine the module in normal plane, diametral
plane and face width of the gears. Suggest suitable hardness. Modulus of clasticity may be taken as
210 Gpa. Helix angie = 30°, Power transmitted = 94 kW,

Data :
i=10; n =5000 rpm ;o = 20°stub; z, =25; E =E, =210 GPa = 210 x 10" N/oun?;
B=30° P=N = 90 kW; Material for pinion and gear : 0.4% carbon steel untreated.

Solution ;

TS
l n, oz, d,
. n, 5000
Speed of gear n, = -~ = T:S()(}rpm
i

Number of teeth on gear z, = iz =10x25=230
From Table 2.57 (Old DDHB); Table 23.48 (New DDHB) for 0.4% carbon steel untreated
o, =0, = 69.6Mpa=69.6 Nmm~

nj n:

Formative number of teeth 2z = ---- 2.285(0ld DDHB); 23.285 (New DDHB)

2
cos” B
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. . .. x| 23
Formattve number of teeth on pinion 2, = ——5- = . - = 384
Pocos'f o cos 30
. z, 250 ‘
Formative number of teeth on gear z, = -~ 7% - = =7 = 1849
toeosTl cosT30
. . . . 0.95 ‘
Lewis form fuctor for 20° stub v =017 - --2=- ——- 299(0IEDDHB Y 23117 (INew DDHIB)
z,
. C 0.95 0.95 R
Lewis form factor for pinion y, = 0.17 - - =0.17- =(L14532
71 3849
o 0.95 0.95 o
Lewis form factor for gear y, = 017 —-——- =017~ - =0.167532
: Za, 3849

i) Identify the weaker member
As pinion and gears materiad are the same. pinion is weaker member. Therefore design should be hased
on pinion.
ii) Design

9550 x TOOONC 9550 1000PC

= - === where rin mm
nr nr :

a) Tangential tooth load F =

: , 9550 x {00ONCg 9350 X HKOPC
Tangential tooth load of the weaker member pinion F = s

T mn

m,z - m, X25

== =]144338
2eosff 2cos30 m

From Table 14.4 (Old DDHB - Vol - I) or Table 4.7 (New DDHB Vol-1) for turbine blower {driven by motor)
Load factor i.e.. service factor C = 1,25

N L d,
Pitch circle rudius of pinion r = rY

I

, 9550 1O00X 90X 125 148%6.98
ie, F o= 00 Sl o Dt o SRR - (D)
' 5000 x 14.4338m, m

n

(b) Lewis equation lor tangential teoth load

g o SubypCocosp obyp,Co . p,
Co C, TC, Y cosfd
o,byp, K,
= “‘_"(","__ ---- 2.286(0ld DDHB): 23.286 (New DDHB)
W

Since pinion is the weaker member

Foe oGy CobyipaK,
tl C“ C
Assume scant lubrication but frequent inspection

w
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. From Table 2.56{Old DDHB): Table 23.47 (New DDHB) C =125
20m,

l—-L-B- < h<« wn b === 2277 and 2.28((01d DDHB); 23.277 and 23.280 (New DDHB)
an an

mn, 20m,
—— <h< -
sinp sinfd

Select b=10m

Le.,

_(69.6)(10m,, ) (0.14532)(um, )(K,)

W= - =2542m 'K - (iD)
1 ].2‘) n ¥
Equating equations (i) and (ii)
. 14886,98
2342m K = — -
o m,
ie. m K = 358 564 R (11}]
Mean piteh line velocity of th k b iy
can pilch line velocity of the weaker member v = - ——
pHe oty The Wedke! » = 60000

- _mm,Zny - 7?12!1717“357&5””99 =7.5575m mfsec
AO000cosP 60000 x cos 30 "
Trial: 1
Sclect module m = 5 mm (Select stundard modufe from Table 2.3 (Old DDHB); Table23.3 (New DDHB)
v, = 1.3575x5=37.7875 m/sec
5.6

Velocity fuctor K =C =
l b Y50+

Since v, > 20 m/sec
v m

-=-- 2.289 h(Old DDHB); 23.290a (New DDHB)
56

—————— =1.4767
5.6+ J37.7875

I

Velocity factor K =C,

Substituting in equation (iii)
(3 04767 = 53%.564
395875 > 58.564
Hence suitable

Trial : 2

Select module m | = 4 mm
v, = 7.5575 x4 =30.23 m/scc
5.6 56

i

Velocity factor K = C ={1L.5046

56+ v,  S6+43023
From cquation (it) (49 €0.5046) 2 58.514
322944 < 58.564
Not suitable

Module in the normal plane m_= 5 mm.
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¢) Check for the stress
Allowablestress o, = (0, K,) ,, =69.6 x 0.4767 = 33.178 N/mm?

F,.C,
Induced stress o, = (5, K,),, = bl;,r_p“" 2.286(0Old DDHB); 23.286 (New DDHB)
IFn
( 148856.98 )(1'25)
= =32.61 N/mm?®
(10x 5(0.14532)(7 x 5) mm
Since (0,C, ), ,<(g,C, ),» the design is safe. Also in order to avoid breakage of gear tooth due to
bending, the beam strength should be more than the effective force between the meshing teeth,
F,C, .
Effective force F, = ;{'—C* = Ilz" since C_is already considered
14886.98
5
= o467 = 624585 N
o, b
Beam strength of weaker member F,, = icylﬁ
_ (69.6)(10x5)(0.14532)(n x 5)

= 635498 N
1.25 3

Since F, > F, ., the design is satisfactory and hence the module in normal plane should be equal to 5 mm.
" Module in the normal plane m =5 mm

m 5
Module in the diametral ptanem = —*- = =5.7735 mm
' cosP cos30

Face width b = 10m =10x5=50mm
m, 7#xS5

Oy = smﬁ ~ 5in30 =31.4mm

Since b > 31.4mm,safe

» Facewidth b S0mm.

iif) Checking
a) Dynamic load
According to Buckingham's equation,
21\¢m(Fl +bCcos’ B)cosﬁ
20v, + JFt +bCcos’ B
From Fig. 2.29 (Old DDHB); Fig. 23.34a (New DDHB) for carefully cut gear when module = 5 mm
errorf = 0025mm

From Table 2.35 (Old DDHB); Tabie 23.32 (New DDHB) for 20° stub, steel — steel combination and f=0.025 mm
Dynamic load factor C = 300.2kN/m=300.2N/mm

Dynamic load F,=F + ----2.297a(0ld DDHBY); 23.309a (New DDHB)
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. 14886.98
Tangential tooth load F = ——— =29774N
Mean velocity v = 37.7875 m/sec.

21x37.7875 [2977.4 +50%300.2cos’ 30] cos30

ie, F, = 29774+ =
21%37.7875+ \/2977.4 +50%300.2cos” 30
= 1369393N
(b) Wear load according to Buckingham's equation
d bQK
= '""L"'?—" —-2.298(0ld DDHB); 23.310(New DDHB)
v cos“ B
. . . .. m,z; 5x25
d, = Pitch circle diameter of pinion = ——- = ——— = 144.338 mm
: cosfp  cos30
Ratio factor O = 22,, 2z, 2x250 - Ls1e
aoor 8 = vz, z,+z,  25+250
2 - 2 .
Load stress factor K = Feac SNy TSR0 ---- 23.311 (New DDHB)
. = o7, ~ O, :

2E\E, 2x210x10° x210x10°

Equivalent Young's modulus E = B +E, = 010 210x107 = 210 » 10° N/mm?

For safer design
F, 2 F,
) d,bQK
—_— 2
ie., coslp 2 F,
144.338)(50)(1.8182)(K
ie., ( N 2)( X )213693.93N
cos” 30

Load stress factor K > 0.7827 N/mm?

(c:rfc)2 sinq,
0.7E,

v

ie., 0.7827
(05.) sin20
0.7x210x10°
Limiting stress for surface fatigue 6,_= o_ . 2 580 N/mm?
From Table 2.40 (Old DDHB); Table 23.37B (New DDHB)for o = 20° K 20,7827 N/mm?and
o, = 580 N/mm’
Surface hardness for pinion = 300 BHN
Surface hardness for gear = 200 BHN

= 0.7827

i
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. Example 418

Design a pair of helical gears to transmit a power of 20kW from a shaft running at 1500 rpmtoa
paratlel shaft to be run at 450 rpm. Suggest suitable surface hardness for the gear pair.

(VTU, Jan/Feb 2065, Jan/Feb 2006)

Data:
P=N=20kW n, = 1500 rpm: n, =450 rpm;
Solution :
Assume
(i) Pressure angle in the normal plane o =20°FD
(ii) Medium shock and 8 to 10 hours duty per day
. From Table 2.33 (Old DDHB); Table 23,13 (New DDHB) Service factor C =15
(iii} Helix angle f = 23°
(iv) Pinon material as 0.40 to 0.50% Carbon steel untreated
~. From Table 2.57 (Old DDHB); Tabie 23.48 (New DDHB), g, =69.6 N/mn’
(v} Scant lubrication but regular inspection
-~ From Table 2.56 (Oid DDHB); Table 23.47 (New DDHB), Wear lubrication factor C, =125

Select the minimum number of teeth on pinion to avoid interference for 20° full depth involute system
(Referring Table 2.6 (Old DDHB): Table 23.6 (New DDHB)) z = 18

M n_dy
T 2, d
. Number of teeth rz, = M, 2P0 g0
. Number of tee ongeazz_nz.l_.450 =
z
Formative number of teeth Z, = o8 B ---- 2.285 (Old DDHB); 23.285 (New DDHB)

Z 18

<. Formative number of teeth on pinion z, = cos’B = cost a3 - 23.078
Formati ber of teeth 2 % 7692
ongearz = 53— = ———— =
ormative number of tee gearz, cos'B - o' 23
. , ' 0912
Lewis form factor for 20° full depth involute system y = 0.154 — ----2.98 (Old); 23,116 (New)
0912 0.912
ini = 053 -——=0154- —— =0.11448
Form factor for piniony, = 0 zn, 23078
0912 0912
fact = 0.154 - =0.154 - =0.14214
Form factor gear y, . 26926

To select the gear material equate 6, y, to G, y,
ie,69.6x0.11448 = o x(.14214

0z

5O, 56.056 N/mm?

H
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Now from Table 2.57 (Old DDHB); Table 23.48 (New DDHB), sclect the gear material such that its
value of 0, must be nearer to 56.1044 N/mm?

Hence select cast steel, ASTM class B, medium as gear material
5. Gy = 51.70 N/'mm?

(i) Identify the weaker member

Particulars o, ¥y Gy Remarks
N/ mm’
Pinion 69.6 0.11448 79678
Gear 51.70 0.14214 7.34864 weaker
Since Gy, < 0, y,, gear is the weaker member. Therefore design should be based on gear.

Design, dimensions and surface hardness for the gear pair are similar to Example 4.16

Example 4.19

Design a pair of helical gear to transmit 12 kW at 2400 rpm of pinion. The velocity ratio required
is 4:1, Helix angle is 23°. The centre distance is to be around 300 mm. Pressure angle in the normal
plane is 14%:° involute. Pinion material is cast steel ASTM Class B. Gear material is cast iron better
grade, .

Data :

P=N 12 kW; a =300 mm; n,=2400 rpm; o = 142°; i=4; g=23
Pinion material — Cast steel ASTM Class B
C.I better grade,

Gear material

Solution :

il
t
[

Velocity ratio i

n, z; d
n, 2400
Speed of gear n, = Iy =_4—~—600rpm
d,+d d,+id d,(1+i
Centre distance a = A2 = T8 (1+1)
2 2 2
d,(1+4
ie, 300 = —'(-2———)-

. Pitch circle diameter of pinion d = {20 mm
Pitch circle diameter of gear d,=id =4 x 120 = 480 mm
From Table 2.57(0ld DDHB); Table 23.48 (New DDHB), for cast steel ASTM Class B o, =51.7 MPa
=51.7 N/mm?
For CI better grade o, = 31 MPa =31 N/mm?

az
To identify the weaker member temporarily assume z = 20

z,=1z = 4x20=80

Z
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Lewis form factor for 14%° involute y = 0.124 — O—Q?’i
ZV
Formative number of teeth z, = :1 B ---- 2.285(01d DDHB}; 23.285 (New DDHB)
cos’
20 =25.64; -5 =102.56
BT osizy TP T ggiy 710
Lewis form factor for pinion y = 0.124- 0.684 =0.124- 0684 =0,0973 ,
z,, 25.64
Lewis form factor forgear y, = 0.124— 0684 =0.124 - 0684 _ 0.1173
: 25, 10256
i) Identify the weaker member
Particulars % y Gy Remarks
N/mm? °
Pinion 51.7 0.0973 5.03
Gear 31 0.1173 3.63 weaker

Since ©,,y, <0y, gear is weaker. Therefore design should be based on gear.,
ii) Design

. 9550 1000NCg 9550 x 1000PCy .
a) Tangential tooth load F, = - = o Where tin mm

9550 x 1000NC,  9530x1000PC,

Tangential tooth load of the weaker member gear F,=
N, 1)

d
Pitch circle radius of pinion 1, = PEEE =240 mm

Assume medjum shock and 8-10 hours duty per day
. From Table 2.33(0id DDHB); Table 23.13 (New DDHB), service factor C=15

9550x1000x12x1.5
ie, F, = =1 ISN
1 Ta 600 x 240 193.75
o,byp,C, cosp  G.byp,K, cosP
b) Tangential tooth load from Lewis equation F = __L_ZP(:TV_E = —“—é—“—“
w w

-—-- 2.286(0ld); 23.286 {(New DDHB)

_SebyeKy oobyp,Cy (L
C,, C, ' cospB

0’01 byzpncv _ 0’02 bY?.anv
C - C

W w

. Tangential tooth load of the weaker member F, =
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Assume scant lubrication but frequent inspection
*. From Table 2.56 (Old DDHB); Table 23.47 (New DDHB), wear and lubrication factor C=125
nd,n, 1 x480 %600

Mean pitch line velocity of the weaker member v = 6 = P = 15.08 m/sec

. 6 6 .
Velocity factor C = Srv_ " 6v1508 - 0.284635 since v_ < 20 m/sec

n

- 2.289 a(0Old); 23.289a (New DDHB)

3
0.684 _ 0124 — 0.684 x cos™ B

ZyV Zy

0.124 -

Lewis form factor y,

2
0.684 xcos® Bxm, _o.1pq. 0884 c0s? 23xm,
d, cosp 480

0.124 - 1.2074 x 10-'m_

0.124 -

20m
P che '
anf tanf}
m, 20m
- <b<
sinf} st
Select b = 10m,
Substitating all these values in Lewis equation

(31)(10m, )(0.124 - 1.2074x 10 m  }(mm,, ) (0.284635)

For face width , .

n

ie., ---- 2,277 and 2.280(Old DDHB); 23.277 and 23.280 (New DDHB)

1193.75 =
1.25
ie, 5383 = 0.12d m?- 1.2074 x 10~ m ?
ie, m? -~ 9737x10°m?’ > 4341

Trial: 1
Select module m_ = 6 mm {select standard module from Table 2.3 (Old DDHBY); Table 23.3 (New
DDHB)]
62-9737x 10°x6° = 43.4]
33.9 < 4341
Not suitable.

Trial ; 2

Select module m, 8 mm
82-9737x 107 x 8 > 4341
59.015 > 43.41

8 mm

Hence suitable .. module m,

¢) Check for the stress
Allowable stress a,

Il

all

(0, K ), = 31 x 0.284635 = 8.824 N/mm?
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F, xC,,
bYZPn
---- 2.286(0ld DDHB); 23.286 (New DDHB)

1193.7 1.25
ie. 0 = 93.75x = 6.49 N/mm?

d. =
" (10x8)(0124 -12074% 107 x 8) (n x 8)

Inducedstress o, , = (6,K), =

Since (0,K)., < (6,K),, the design is safe.
Also in order to avoid the breakage of gear tooth due to bending, the beam strength should be more

then the effective force between the meshing teeth

F,.C F
—2=5 = — gince C, is already considered

K, K,

119375
0.284635

Oo2by, Py
C

I

Effective force F_;
=4193.97N

Beam strength of weaker member F, =

w

(31)(10x8)(0.124 ~ 12074 x 107 x8)(m x 8)
= T =5701.42 N

Since F,>F _, the design is satisfactory and hence the module in normal plane should be equal to 8 mm

iii) Dimensions
Module in normal plane m_= 8 mm
m, 8

cosf3 T cos23 .69 mm

Module in diametral plane m,

Face widthb = 10m = 10x8 =80 mm
nm X8
i = n == _32
bmin = GhB ~sinz3 - O432mm

Since b>64.32 mm, face width b=80 mm
Normal pitch p, =nm =nx8=25.133mm
Axial pitch p = mm=nx8.69=273 mm
d, cosf 120X cos23 -1

m, 8

Number of teeth on pinion z,

. Number of teeth on pinion z =14
Number of teeth on gear z, =iz, =4x14=56

d; +d, 12167 +486.67

Actual centre distancea = 3 = 3 =304.17 mm
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3550 1000x12x1.5
Actual tangential tooth load F,= 43667 = 117734 N
600 x ——
2
Actua) itch line velocity v, = —too 0 X000 _ 15 7000 m
ctual mean pitch line velocity v = 6 =15. m/sec

From Table 2.1 (Old DDHB); Table 23.1 (New DDHB) for pressure angle 14%2° involute system
Addendum h = Im =1x8=8 mm
Dedendum h, = 1.157m_=1.157 x 8 = 9.256 mm
Working depth h' = 2m =2x8=16 mm
Minimum total depth h = 2.15m =2.15x 8 = 17.2 mm
L n
Emn =E x 8=12.566 mm
Minimum clearance ¢ = 0.157 m_=0.157 x 8 = 1.256 mm

I

Tooth thicknhess s

Addendum circle diameter of piniond  =d +2h = 121,67 + 2 x 8 = 137.67 mm---- 2.245(0ld ); 23.245 (New)
Addendum circle diameter of gear d_,=d,+2h =486.67 + 2 x 8 = 502.67 mm---- 2.246(0ld ); 23.246 (New)
Dedendum circle diameter of pinion d, =d -2 h.=121.67 ~-2x9.256 = 103.158 mm---2.247; 23.247 (New)
Dedendum circle diameter of gear d_=d, -2 h =486.67 — 2 x 9.256 = 468.158 mm---- 2.248; 23.248 (New)

For transverse pressure angle tanc, =

tane,  tanl4)
cosp ~ cos23

- 2.221(0ld DDHB); 23.221 (New DDHB)

Pressure angle in the diametral or transverse pressure angle o, = 15.693°
Base circle diameter of pinion dhl = dI cos o= 121.67 % cos 15.693 = 117.135 mm---- 2.249; 23.249 (New)
Base circle diameter of gear db,=d, cos 0, = 486.67 x cos 15.693 = 468.53 mm---- 2.250; 23.250 (New DDHB})

Velocity factor K = 0.284635
Service factor C = 1.5
Wear and lubrication factor C_=1.25

Checking
According to Buckingham's equation,

21v,, (F, +bCcos’ B)cosp
2lv,, "’\/F: +bCcos® B

From Fig. 2.30 (Old DDHB); Fig. 23.35a (New DDHB)
For v_ = 152892 m/sec
Error f = 0.025
From Table 2.35 (Old DDHB); Table 23.32 (New DDHB)
For pressure angle = 1444° ; steel — CI combination
For error f = 0.025 mm ; C = 192.08 kN/m = 192.08 N/mm

a) Dynamicload F,=F + ---- 2.297 a(Old DDHB); 23.309a (New DDHB)
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21x lS.289[1 177.34 +80 x 192,08 x cos> 23]cos 23

ie. F =1177.34 + = = 10709.05 N
21x15.289 +4/1177.34 + 80x 192.08 cos? 23
{b) Wear load
According to Bucking's equation,
d,bQK
Wear load F | = m ---2.298(0ld DDHBY); 23.310 (New DDHB)
2z,v 2z, 2x56

Ratio factor = = =1.
© Q z2,+2Z,, Z+tZ, 14456
For safer design

F

w d
d,b?k 5
cos™ B

v
oy}

ie.,

(12167 JBONL6YK)
cos’ 23
From Table 2.40 (Old DDHB); Table 23’.-373 {New DDHB) for o = 14%4° and K = 0.5314 N/mm?>
Surface hardness for pinion = 300 BHN
Surface hardness for gear = 200 BHN

2z 97679N .. K2z 05314 N/mm?

Loy

Example 4,20

A pair of steel helical gears is to transmit 15 kW at 5000 rev/min of the pinion. Both the gears are
made of the same material, hardened steel with allowable bending stress of 120 MPa. The gears haveto
operate at a centre distance of 200 mm, Speed reduction ratio is 4:1, The teeth are 20° full depthinvolute
profile on normal plane. Helix angle is 45°, The gears are manufactured to class ITI accuracy (precision
class). Face width can be taken as 16 times the normal module, If the wear strength has to be more
than the dynamic load.

Determine the following : (a) Normal module (b) Transverse module (c) Pressure angle in the

transverse plane (d) Number of teeth on pinion and gear (e) Face width () Ruquired surface
endurence limit

(Note : Lewis bending strength is based on normal module) VTU July/August 2004
Data :
P=N=15kW; n, = 5000 rpm; g, =G, =120 MPa; a = 200 mm;
i =4; a, = 20° Full depth involute, B = 45°; Precision class ; b = 16 m;F >F,
Solution :
Velocity ratio i no_z2 4
1 - - = —=
elocity ratio i m oz T4
n, 5
Speed of gear n, = F 1250 rpm
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di+d, dy+id d(i+D)

2 2 2

d(1+4)
2
Pitch circle diameter of pinion d, = 80mm

Centre distance a

i.e., 200 =

Pitch circle diameter of gear d, = id =4 x 80 =320 mm
As both the gears are of the same material, pinion is the weaker member. Therefore design should be
based on pinion.

0912

iy

Lewis form factor for 20° full depth involute y = (0.154 -

z

---- 2.285(0ld DDHBY, 23.285 (New DDHB)

Formative number of testh z,

cos’ f

Design

) . 9550 x 1000 x NC, 9550 x 1000 x PCq .
(i) Tangential toothload F = - = o > Where r in mm

, 9550 I00ONCy 9350 x1000PCy
Tangential tooth load of the weaker member F = ~——— =
nn nn

_ : . . 80

Pitch circle radius of pinion r, = S5 =5 = 40 mm

Assume medium shock and 8-10 hours duty per day
». From Table 2.33 (Old DDHB); Table 23.13 (New DDHB), service factor C = 1.5

9550 %X 1000 x15% 15

ie, F, = 3000 % 40 = 1074.375 N
, 0,byp,C, cosp  O,byp,K, cosp
(ii) Tangential tooth load from Lewis equation F= e T = - c.
e F = o,byp,C. _ o,byp K,
ie, F = C. = C.

( P = Pa B also it is given bending strength is based on normal module ]
COS

. doibyp,Cy  SubyiPaK,
. Tangential tooth load of the weaker member F, = —c. - C
W w

Assume scant lubrication but frequent inspection
-, From Tabie 2.56 (Old DDHB); Table 23.47 (New DDHB), wear and lubrication factor C = 1.25

nd | n, 7t x B0 x 5000

Mean pitch line velocity of the weaker member v_= 60000 = 60000 - 20.944 mfsec
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56 56
Velocity factor K =C, = 5-6+M =6t 0043 = 0.5503 since v > 20 m/sec

---- 2.289 b(Old DDHB); 23.290a (New DDHB)

3
0.154 ~ 9012 _ sy 0912xcos’ B

Ziy Z

Lewis form factor vy,
0912xcos' Bxm, o154 0.912 xcos® 45xm
d, cosf - 80

= 0.154-57x10"m,
Substituting all these values in Lewis equation

(120)(16m,, {0.154~ 5.7x 10~ m, }mm, }(0.5503)
1.25
ie. 04046 = 0.154m?-57x 107 m>
ie, m2-0037m’ 2 26272

Trial : 1 Select module m_= .5 mm (select standard module from Table 2.3 (Old); Table 23.3 (New
DDHB))

0.154 -

1074.375

L5 -0.037x 1.5 22.6272
ie, 2125 < 26272
Not suitable
Trial : 2 Select module m_ = 2 mm
22-0037Tx2* > 26272
3.704 > 2.6272
Hence suitable.
<. Module in the normal plane m =2 mm

(iii) Check for the stress

Allowable stress o | (6,K ) =120x0.5503 = 66.036 N/mm?

[ e |
F,xC,
Induced stress O = (0,K) = by,p ----2.286(0Old DDHBY); 23.286 (New
IFn
DDHB)
1074.375% 1.25

fl

(16x2){0154-57 %107 x2)(mx2) = 46.84 Nimm’

Since(g, K) < (o, K

K I, ), the design is safe.
Also in order to avoid the breakage of gear tooth due to bending, the beam strength should be more than
the effective force between the meshing teeth
FuCS F[I . . .
K = Since C, is already considered

v v

Eftective force F . .=

-~
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LA 1952.344 N
T 05503 |
o..b 120)(16x 2)(0.154 - 57 x 107} x2)(n x 2
Beam strength of weaker member F, = ——Q'—C-&E-“— = (120 )( 125 )( ) =275246 N
Since F,>F , the design is satisfactory and hence the module in normal plane should be equal to 2 mm
(a) Normal module m = 2mm
mn
(b) Transverse module m, :@ =5 =2.8284 mm
o d,cosB  BOxcos45
Number of teeth on pinion z = = =28.28

2

As it is given that the Lewis bending strength is based on normal module, standard module is normal
module only. So if the gears have to operate exactly at a centre distence of 200 mm, slightly change the
helix angie as 45.573° (select {3 by trial and error method)

) 80xcos45573
e,z =————— =
2
{(d) .. Number of teeth on pinion z =28
Number of teeth on gear z, = iz =4 x28 =112
Check for the centre distance
d m,Zz, 2x 2m8__ 80
1T cosP T ocosd5573 mm.
1 m,z, 2x112 390
* 7 cosP T cosdS573 mm
) d,+d, 80+320
Centre distence o = 5 = 3 =200 mm
Hence suitable
- Correct Helix angle f = 45.573°
tana,

(c) Pressure angle in the transverse plane tan o= _COSB --ex 23221 (New DDHB)

. __tam 20__

e AN, = 45513

s = 27.4725°
{e) Face width b=16 m = 16x2=32mm
Py Pn m, X2

Pan = TanB = cosB.tmP  sinp ~ sindss73 oo mm

Since b > 88 mm, safe
Face width b = 32 mm
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(f) Required surface endurance limit
According to Buckingham's equation

21v,,(F, +bCeos? B)cosp

Dynamic load F,=F + ---- 2.297a(0ld DDHBY); 23.309a (New DDHB)

20v,, + \/ﬁ +bCcos* B
From Fig 2.29 (Old DDHBY); Fig. 23.34a (New DDHB) for precision class and m =2 mm
Expected error f = 0.0125 mm

From Table 2.35 (Old DDHBY); Table 23.32 (New DDHB) for 20° full depth, steel — steel combination
and f =0,0125 mm

Dynamic factor C = 145 kN/m = 145 Nfmm

21x 20.944(1074.375+ 32x 145¢c0s” 45_‘573) cos45573

- F=1074.375 + =31455N

21x20944 + \/1074.375+ 32x 145c0s” 45573

d,bQK
According to Buckingham's Equation, Wear load F = ﬁ === 2.298(01d); 23.310 (New DDHB,)
2z,v 2z, 2x112

Ratio fact = = = =1.
atio factor Q z),+7,, Z,tZy 284112

Given wear strength more than dynamic load
ie,F > F
d,;bQK
4ok, F,
cos P
i (80)Y(32)(1.6)XK)
T cos? 45573
Load stress factor K 2 0.3763
a7 sint,
0.7E,
From Table 2.8 (Otd DDHB.Vol.I) Or Table 2.10 (New DDHB. Vol-I)
Forsicel E = E,=206 GPa =206 x 10° N/mm?
2E\E,  2x206x10% % 206%10°

~.Equivalent Young's modulus E = E +E. = 206x107+206x10° = 206 x 10* N/mm?
116,

¢

ie.,

\'%

31455

v

0.3763

ie.,

(Ua. )(sin 20)
C0.7x206x103

< Limiting stress for surface fatigue 6, = 6_ > 398.3 N/mm’

= 0.3763
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Example 4.21 :
The following data refer to a helical gear drive
(a) Power transmitted 34kW at 2804 rpm of pinion
(b) Speed reduction ratio 4.5
{¢) Helix angle 25°
(d) Material for both pinion and gear is medium carbon steel whose allowable bending stress may
be taken as 230 MPa, BHN = 275

{e) Pinion diameter is limited to 125mm. Determine module and face width, Check the design for
wear strength against dynamic loading.
BDetermine also the axial thrust on the shaft, VTU, Feb. 2002
Data :
P=N=34kW; n =2800rpm; i=4.5; =25 o, =0,,= 230 MPa: d, <125 mm ; BHN =275

Solution :
n Za d,
Velocity ratio 1 = i = " = q,
n, 2300

Speed of gear n, Y =622.22pm

i
Sinced, £ 125mm, wked, =120mm

Pitch circle diameter of gear d, = id, = 4.5%120 = 540 mm. As both the gears are of the same
material, pinion is the weaker member. Therefore design should be based on pinion.

Design (Considering module in the normal plane (m )as the standard module)
9550 10DONC, 9550 x HXOPC

(a) Tangential tooth load F = o = Where rin mm
nr
i . 9350xI000ONCs 9550 1000PC
Tangential tooth load of the weaker member F = —mM@M8M8M8m™ = ———————+
! m mr
i _ . o d, 120
Pitch circle radius of pinion r = 53 =Ty T 60 mm

Assume medium shock and 8-10 hours duty per day
From Table 2.33 (Old DDHB): Table 23.13 (New DIDHB), service factor C = 1.5

o 9SS0A00x3xls
e by 2800 x 60 = o

(b) Tangential tooth load from Lewis equation

- G(bepncy COQB_ Gﬂhypncv _ G“bép“ﬁ__ﬂK" ( L= Py ]
= —————cosp} = _C— =

w w

F

|
w

. . - 0”|bY|pnC‘. Glllbylan\
Tangential tooth toad of the weaker member F = -———-é-—m = C—

W w
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Assume scant lubrication but frequent inspection
" From Table 2.56 (Old DDHB): Table 23.47 (New DDHB), wear and lubrication fuctor C, =125
ndn, T X 120 X 2800

Mean pitch line velocity of the weaker member v = 60000 = 60000 = 17.6 m/sec
Velocity factor K = 6 = 6 - since v <20mifsee ---- 2.289 a(Old): 23.289 (New)
Yobtv, 6+17.6 "
= (.25424
Assume pressure angle in the normal plane o, = 20° full depth
\
" Lewis form factor y, = 0.154—%2- =0.154 - ().?1%(‘_95'8

0.9]2><cos3me" 0.912 x cos” 25xm,

= 0.154- =0.154 -
d, cosf3 120
= 0.154 - 6.2426 x 10" m_
P, 20m,
<b < ——~  ---2.277 and 2.280(0ld): 23.277 and 23.280 (New DDHB)
tan 3 1an B
) nm, b 20m,,
Le, —-<b <« —-1%
sinf3 sinf3

" Select face width b = 10m_
Substituting all these values in Lewis equation

(230)(10m,, }(0.154 62426 X 10" m, }(mn, }(0.25424)

2899.107 = 125
19727 = 0,154 m ' - 62426 x 10 m*
e, m?-0.0405m?* > 12.81
Trial : 1
Assume m_ =4 mm [select the standard module from Table 2.3 {Old DDHB): Table 23.3 (New DDHB)|
4200405 x 4* 2 12.8] Trial : 2
13.4 > 1281 Take m = 3mm
Suitable 37 -0.0405 %3 > 12.81
Module in the normal plane m =4 mm . 7.9065 < 12.81
c) Check for the stress Hence not suitable
Allowable stress o, = {0, K), A =230x0.25424 = 58.4752 N/mmy*
F C,
Induced stress o, = (0, K), == ---- 2.286 (0Old), 23.286 (New DDHR)

by p,
- 2899107125 B
(10x4){0.154- 62426 x 10~ x 4)(n x 4)

= 55.875 N/fmm*
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As (o, K), , < (g, K . the design is safe. Also in order to avoid the breakage of gear tooth due to
bending, the beam strength should be more than effective force between the meshing teeth,
FCs F,
Effective force Flcrr = K, = 'l‘(—v since C, is already considered
2899.107
= o3sn = 11403.033 N
T bY1Ps

Beam strength of weaker member F, = C

w

(230)(10% 4)(0.154 - 6.2426 X 10" x 4)(n x 4)

= =119338N
125

Since Fhl >F - the design is satisfactory and hence the module in normal plane should be equal to 4 mm

*. Module in normal plane m_=4 mm
face width b = 10m_=10x 4 =40 mm

Check :
b = P T, x4
™ gan B sinf sin25
Since b > 29.73 mm, safe.
d, cosp 120xcos25

=29.73

Number of teeth on pinion z, = 212
m, 4
Number of teeth on pinion z =28
Number of teeth on gear z, = iz, =4.5x28 =126
m,z; 4x28
Actual pitch circle diameter of pinion d, = —l . = - 123.58mm< 125 mm .. Safe desiga.

Hence
Module in the normal plane m_ = 4mm
Face width b = 40 mm
Number of teeth on pinion z = 28
Number of teeth on gear z, = 126
Actual pitch circle diameter of pinion d, = 123.58 mm
9550 x 1000 x34x 1.5

=2815.12N
230025

Actual tangential tooth load F, =

Checking
2lv,, (Ft +bC cos® B)cosB
21v,, +\/Fl +bCcos’ B

According to Bucking ham's formula Dynamic load F =F +
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From Fig. 2.30 (Old DDHB} ; Fig. 23.35a (New DDHB) for v_=17.6 m/sec
Error f = (.02 mm

From Table 2.35 (Old DDHB) : Table 23.32 (New DDHB)

For 20° full depth, steel — steel combination

For f =0.0125 mm ; C = 145 kN/m = 145 N/mm

For f = 0.025 min : C = 290 kN/m = 290 Nfmm

By interpolation 290 N/mm
x 290145 -
0.02-0.0125 ~ 0.025- 00125 145 N-mm -
* X =87 N/mm
* For f=0.02mm:
Dynamic factor C = 145 + 8.7 = 232 N/mm 0.0125 0.02  0.025 mm

21x l7.6[2815.12 +40x232cos? 25]cos 25

F,=2815.12+ =10226.26 N

21x17.6+42815.12+40x232cos’ 25
According to Buckingham's formula

d;bQK
Wear load F, = Lb?é* ---- 2.298 (Old DDHB) ; 23.310 (New DDHB)
cos
2z,v 2z, 2x126

Ratio factor Q = [.6364

ZV+zv oz, +Z, T 284126
From Table 2.8 [Old DDHB-Volume-I] or Table 2.10 (New DDHB. Vol - D
For carbon steel Young's modulus E, =E, =206 x 10’ N'mm?

. 2EE,
Equivalent Young's modulus E = =206 x 10° N/mm?
" E +E,
Limiting stress for surface fatigue c, =275 H, - 69) MPa ---~ 2.291 ¢ (Old DDHB) ;
23.294a (New DDHB)
= 2,75 x 275 - 69 = 687.25 N/mm?
2 .. 2.
g 687.25 20
Load stress factor K = —>%a _ e 1.12 N/'mm?

07E, ~ 0.7x206x10°

---- 2.299 (Old DDHB) : 23.311 (New DDHB)

(123.58)(40)(1.6364)(1.12)

cos® 25

AsF, > F,, the design will be satisfactory from the stand point of wear ui u. nlity.
Note: If F_ <F, then

i.e., For safer design F, 2 F

cos” B ¢

Wear load F, = =11029.7N

ie.,
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Load stress factor K 2 ---- N/mm?
From Table 23.37 B New (DDHB) for .= 20° and K = -———- N/mm? select surtace hardness for pinion
and surface hardness for gear
Axial thrust on the shaft
Axial thrust force F, = F tan  =2815.12tan 25=1312.7N

Design of Double Helical or Herringbone Gear

Example 4,22

A 55 KW motor running at 450 rpm is geared to a pump by means of a double helical gearing. The
forged steel pinion on motor shaft has a PCD of around 200 mm and it drives a good grade C.I gear
over the pump shaft at 120 rpm. The allowable stress for both pinion and gear material should be
taken as 224 N/mm’ and 56 N/mm? respectively. Assuming 142° form teeth with B = 20° and z, = 24
design the gears completely. VTU, August 2001
Data:

P=N=55kW; n, =450 rpm; d, = 200 mm; n, = 120 rpm; o, =224 N/'mm’; o, =56 N/mm?
o =141 = 20° 2z, =24

Solution :
n, oz, di
’ = — = — = ;
n, z d
450
velocity ratio 1 = —:—; =170 =375
Number of teeth on gear z = iz =3.75x24 =90
Formative number of teeth z = Z} B ----2.285(0ld DDHB) ; 23.285 (New DDHB)
cos’
Formative number of teeth on pinion z = —-Zla
v ocos' P
4
= 3 = 28924
- 20
Formative number of teeth on gear z, = Z:q
~ cos” B
0
= - = ]08.464
cos* 20
s 0.684
Lewis form factor for 144%° y = 0.124 - ---- 2.97 (0ld DDHB) ; 23.115 (New DDHB)
Z,
Form factor for pinion y, = 0.124- 0.684 =0.124—-0A'6§i =0.1004
Z), 28924

Form factor for gear y,=0.124 - =0.124 - @74762 =0.1177

“2v
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i} Identify the weaker member

Particulars S, - y o,y Remarks
N/mm?

Pinion 224 0.1004 22.49

Gear 56 01177 6.5912 weaker

Since 0y, <6, y,, gear is weaker. Therefore design should be based on gear.
2 - !

ii) Design

9550 x 1000NC, 9550 x 1000PC,
nr - nr

: 9550 x 1000NC, 9350 1000PC,
.. Tangential tooth load of the weaker member F == e
B Nars 20

a) Tangential tooth load F = where rin mm

From Table 14.4 (Old DDHB Vol-1) or Table 14.7 (New DDHB Vol-1) for pump driven by motor,
Load factor i.e., Service factor C = 1.5
ds _ Myza _ myx9

Pitch circle radius of gear r,= 2 = Toos [3 = -2;;26 =47.888 m_

. 95501000 x 55x 1.5 137103.763 .
ie., F = = - — —(D)
2 F20x 47.888m m

b) Lewis equation for tangential tooth load

F < a,byp,C,cosp a,byp,C, (.. _ p,
v C. T, "N cosP
= fu-t%-‘?-h& - 2.286 (Old DDHB) ; 23.286 (New DDHB)
w
Since gear is weaker member
_ Opby,p,Co o:by,p. Ky
BT T o

Assume scant lubrication but regular inspection
From Table 2.56 (Old DDHB) ; Table 23.47 (New DDHB) C_=1.25
For Double helical or Herringbone gear
2.3nm, 30m,
——<b

< L ----2.281 and 2.282 (Old DDHB) ;
tanp tanp 23.281 and 23.282 (New DDHB)
2.3 30 :

Pe. oMM g o M
sinf3 sinf§
R 2.31m,, <b < 30m,
1.£., " T
sin 20 sin 20

21.126m <b < 87.71m,
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~. Select face width b = 35 m_
. (56)(35'“" )(Oi 177) (mnn )(Kv )

F =
2 1.25
= 579.8m K, --=- (ii)
Equating the equations (i) and (ji)
137103.763
S198mIK, = 163
n ¥ mn
m'K = 23647 ---- (iii)
M itch line velocity of the weaker member v mdany
ol weaker =—=
ean pi e velocity ake: N
XM, Z,0,
= 60000 cosp
_ Tm, x90x120 =060
= 60000 xcos20 o
Since approximate pcd of pinion d, = 200mm
200cos20
Approximate module m_= —-——-2(28—- =7.83 mm
Triat : 1 Assume m_= 8 mm

[select standard module from Table 2.3 {Old DDHB) ; Table 23.3 {New DDHB)]
v, = 0.602 x 8 = 4.816 m/sec
4.5 4.5

loci = = = ={0. — .
Velocity factor C, K, 45+, 4514816 0.483---- 2,288 (0Old) ; 23.288a (New DDHB)

From equation (iii)

A"

(8% (0.483) = 236.47
247.316 > 23647
~ Hence suitable
. Module in normal plane m_=8 mm

Note :
If it is less, then increase the face width o' and check again.

Check
8x24
Pitch circle diameter of pinion d, = "—"'-I:;:[; = 0820

Since the calculated pcd is nearer to 200 mm, the selected module is suitable.
Check for siress, dynamic load, wear load and all other calculations are similar to earlier examples,
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Note :

In double helical or herring bone gear except the face width 'b' rest everything is similar
to helical gear.

Note :
According to Prof. MF Spotts
In order to avoid failure of gear tooth due to bending in the initial stages of design F,>F,

Introducing factor of safety F, =F_ (FOS) == (i)
Where F, = Beamstrength =g, _b.m .Y
Ft'CS

F . = Effective load =

eff C - (i)

v

Y = my,y = Lewis form factor of the weaker member

c
o, = Allowable bending stress = “39'
o = Ultimate stress
b = Face width
m_ = Module in the normal plane
FOS = Factor of safety

C, = Service factor
C, = Velocity factor
9550 x 1000N
F = ————n;-'—
r = Weaker member pitch circle radius in mm
n = Speed of the weaker member in rpm

The module (m ) obtained from equation (i) is based on beam strength
Considering dynamic load according to M.E. Spotts

F, = C,F +F cosu cos 3 ---- {iii)

en,z by, for steel pini 4 stcel
— = for steel pinion and steel gear
2530\/5‘ +1; P

where F, = Dynamic load =

enz brr, ..
F = PO e for C.I pinion and C.1 gear
37851 +1,

en,z,brr, .
F, = ——————=— for steel pinion and CI gear

3

326017 +13

Total error (f} ; b = face width

e
+
ow

L
]
]
I
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Pitch circle radius of gear

I-;-1
Il

z, = Number of teeth on pinion

n, = Speed of pinion

e = Error for pinion ; e, = error for gear
Considering dynamic toad to avoid failure of gear tooth due to bending

E, = F_ (FOS)
= [C,F +F cos o cos B] FOS —h
d,bQK
Wear load F = — Q
* cos B

To avoid failure of gear tooth due to pitting
F,.o>F,
Considering factor of safety
F, = (F,) (FOS)
Considering dynamic load F_ =C_F +F, cosa cosf

, : FCs
Neglecting dynamic load F_ = o
K = o’ sina,
- 0.7E,
22,.,1 2z,
Q= z, *z, z,+1z,
2EE,
E =
°© E, +E,

The geur can also be designed using Prof. M.E. Spott's equations.
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REVIEW QUESTIONS

bl A

U VS

. Derive an expression for beam strength of a spur gear tooth with standard notations.

VTU, August 2001, January/February 2003

Explain what is meant by Lewis form factor. BU, August/Septemher 2001
Explain the desirable properties of gear material. BU, August/September 2001
State the assumptions made in Lewis equation. BU, January 1994
. Explain with sketches internal gear wheel and pinion. BU, August/September 2001
Explain in brief what is meant by accuracy of gears, BU, August 1997
What is interference in gears? Explain briefly BU, March/April 1999
With sketch explain formative or virtual number of teeth applicable to helical gear: also

derive an expression for virtual number of teeth interms of helix angle and the actual number
of teeth. VTU, July/August 2004, January 2004

Derive an expression for the Joad carrying capacity of a helical gear tooth.
BU, December 2003

EXERCISES

- Design a pair of spur gears to transmit a power of 20 kW from a shaft running at 1000 rpm

to another shaft to be run at 400 rpm. Check the design for dynamic and wear loads.

A pair of spur gears is required to transmit 18 kW at 250 rev/min with a speed reduction of
3:1. The centre distance between them is 400 mm. The pinion is made from C 40 steel and
gear from cast steel. The teeth are 20° full depth involute. Design the gears.

A pair of spur gears transmitting power from a motor to a pump impeller shaft is to be
designed with as small distance an possible. The forged steel pinion is to transmit 4 kW at
600 rpm (o a cast steel gear with a transmission ratio of 4.5 : T and 20° full depth involute
teeth are to be used. Design the gears for strength and check for dynamic and wear load.

A pair of spur gears is 1o be used to connect an ore crusher with an electric motor of 100 kW
power. The gears are designed for optimum size with the following requirements, Speed of
motor =750 rpm: velocity ratio = 5: Tooth profile = 20° stub: select proper materials. Check
the design for dynamic and wear load conditions.

Design a pair of equal diameter 20° stub tooth spur gears to transmit 37.3 kW with moderate
shock gears to transmit 37.3 kW with moderate shock at 1200 rpm of pinion. The two shafts
are parallel and 450 mm apart. Each gear is to be of SAE - 1045 annealed steel.

A pair of mating spur gear have 20° full depth involute teeth of 8 mm module. The number of
teeth on pinion is 20 and 5 kW will be transmitted at 1500 rpm. The transmission ratio is 5 to
2 calculate :
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10.

1.

12.

13.

15.

i) Number of teeth required for gear
i) Pitch circle diameters

ni) Centre distance

iv} Torque on each shaft and

v} Tangential force.

Determine the module and face width of a helical gear tooth for a helical gear pair to transmit
a power of 25 kW from a shaft rotating at a speed of 1500 rev/min to a parailel shaft to be
run at 300 rev/min maintaining a centre distance of 180 mm.

Design a Herringbone drive from a 4 kW steam turbine running at 30.000 rpm to a speed
reducer that should run at 2500 rpm. Material static stress may be taken as 105 MPa and
endurance stress as 295 MPa. Check the gears for endurance strength and wear.

Design a pair of spur geurs to transmit & power of 18 kW from a shaft running at 1000
rpm to a parallel shaft to be run at 250 rpm maintaining a distance of 160 mm between the
shaft centers. Suggest suitable surface hardness for the gear pair.  VTU, Jan/Feb. 05

Design a pair of helical gears to transmit a power of 20 kW from a shaft running at 1500
rpm o a parallel shaft to be run at 450 rpm. Suggest suitable surface hardness for the gear
pair. VTU, Jan/Feb. 05

A shaft rotating at a speed of 1000 rpm is to transmit a power of 40 kW to a parallel shaft to
be rotated at 350 rpm. The distance between the shaft centers is 160 mm. Design a pair of

spur gears to connect these two shafts. YT, Jan/Feb, 06
Design a pair of helical gears to transmit a power of 30 kW from a shaft rotating at 1500 rpm
to a parallel shaft to be rotated at 450 rpm. VTU, Jan/Feb. 06

. a. Give reasons for the selection of involute tooth profile for gears more commonly. While

generating less number of teeth on gear wheels the problem of interference prevails in
involute tooth gearing, does such a problem really exist in cycloidal tooth gearing?

b. A pair of spur gears is required to transmit 5 kW of power. The pinion rotates at a speed
of 1620 rpm and the gear is required to run 420 rpm. Determine the least number of teeth
on the gear and pinion such that velocity ratio does not deviate at all. The tooth form is
20° full depth involute, therefore the number of teeth selected on the pinion should not be
less than the theoretical minimurn. The permissible stress in the material of the gear and
the pinion are 55 MPa and 65 MPa respectively. Design the gears for beam strength only
and determine all the proportions of the gearing. VTU, July 06

A pair of herringbone gears is used to transmit 50 kW power. The pinion rotates at 2800
rpm. The number of teeth on the pinion and gear are 21 and 109, respectively. The tooth
form is 20° full depth involute and the helix angle is 25°. The material for the gear is cast
steel with a hardness of 150 BHN and for the pinion is steel. The wear and lubrication
factor may be taken as 1.15. The normal module employed for the gears is 4 mm and the
face width of the gears is 20 times the normal module. Determine the required hardness
for the pinion for continuous operation of the drive. Also recommend the class of gears.

VTU, July 06



Design of Spur And Helical Gears 32

16. a) Derive an expression for beam strength of a spur gear tooth with standard notations.

b) A pair of spur gears has to transmit 20 kW from a shaft rotating at 1000 rpm to a parallel
shaft which is to rotate at 310 rpm. Number of teeth on pinion is 31 with 20° full depth
involute tooth form. The material for pinion is steel SAE1040 untreated with allowable

. static stress 206.81 MPa and the material for gear is cast steel 0.20%C untreated with
allowable static stress 137.34 MPa. Determine the module and face width of the gear
pair. Also find the dynamic tooth load on the gears. Take the service factor as 1.5.

VTU, Dec. 06/Jan 07

17. A pair of carefully cut helical gears for a turbine has a transmission ratio of 1:10. The
teeth are 20° stub involute in the normal plane. Pinion has 25 teeth and rotates at 5000
rpm. Material for pinion and gear is 0.4% carbon steel untreated with allowable static
stress of 69.66 MPa. Helix angle = 30°. Power transmitted = 90 kW. Service factor
= 1.25. Wear and lubrication factor = 1.25. Determine the module in normal plane and
face width of the gears. Suggest suitable surface hardness for the gear pair.

VTU, Dec. 06/Jan ¢7
18. a} Derive an expression for beam strength of a spur gear tooth.

b) Design a pair of spur gears to transmit 15 kW from a shaft rotating at 1000 rpm to a
parallel shaft which is to rotate at 310 rpm. Assume number of teeth on pinion 31 and 20°
full depth tooth form. The material for pinion is C-40 steel untreated and for gear, cast
steel 0.20%C untreated. VTU, July 07

19. a} Explain formative number of teeth in helical gears.

b) A pair of helical gears are to transmit 16 kW. The teeth are 20° stub in diametral plane and
have a helix angle of 45°. The pinion runs at 1000 rpm and has 80 mm pitch diameter. The
gear has 320 mm pitch diameter. If the gears are made of cast steel having allowable

+ static strength of 100 Mpa; determine module and face width from static strength
Q,;}"’ considerations and check the gears for wear, given o, =618 Mpa. VTU, July 07

e

207 A cast steel pinion rotating at 900 rpm is to drive a cast iron gear at 144 rpm. The static
design stresses for pinion and gear materials are 103 MPa and 55 MPa respectively. The
teeth are to have standard 20° stub involute profiles and the maximum power to be
transmitted is 25 kW. Design the spur gears completely and check for the dynamic and
wear loads. The gear surfaces are hardened to BHN 250. Use 16 teeth on the pinion.

VTU, Dec. 07/Jan. 08

21 a) Explain formative number of teeth in helical gears.
b) A pair of helical gears with a 23° helix angle is to transmit 2.5 kW at 10,000 rpm of the
pinion. The velocity ratio is 4:1. Both gears are to be made of hardened steel with an

allowable stress of 100 MPa for each year. The gears are 20° stub and the pinion is to
have 24 teeth. Design the gears and determine the required BHN.VTU, Dec. 07/Jan. 08

22. A machine running at 360 rpm is driven by 12kW, 1440 rpm motor through a 14% involute
gear. The center distance between the drive is 250mm. The pinion is made up of heat
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23.

24.

25,

treated cast steel with allowable stress of 191.2 MPa and 450 BHN. The gear is made of
untreated cast steel with allowable static stress of 137.3 MPaand BHN of 300. Assuming
gears are working 8 hours/day and subjected to light shocks determine the module, face
width and number of teeth on each gear. Aiso check the design for wear.
YTU, Jun/July 08
Design a steel helical gear pair from the following data:
Power transmitted = 30kW
Speed of pinion = 1500 rpm
Velocity ratio = 1.4
Number of teeth on pinion = 24
Helix angle §§ = 30°
Static stress for steel o, = 6, = 50.7MPa. Brinell Hardness Number for gear material
= 350. Check the design from wear point of view also. VTU, Jun/July 08
It is required to transmit 25kW of power from shaft running at 1000 rpm to a parallel
shaft with speed reduction 2.5 : 1. The centre to centre distance of shaft is to be about
300mm. The material used for pinion is steel (G ;= 200 N/mm?, BHN =250), and for gear
is cast iron (G, = 180 N/mm?, BHN = 200). Considering class - TI gear with tooth profile
20° full depth involute, design the spur gear and check for dynamic load and wear load.
VTU, Dec. 08/Jan 09
Design a single reduction paralled helical gear speed reducer having speed ratio 5:1. It is
to be capable of transmitting the full load rating of 18.75 kW at 1200 rpm of pinion. Use
Nickel Chrome steel for pinion and C45 steel for gear. Selected class IIT precision gears.
The helix angle for the gear wheels is 23°. The normal pressure angle of the tooth is 20°
and the profile is full depth involute. Check the design for dynamic and wear load.
VTU, Dec. 08/Jan 09




