IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE)
ISSN(e) : 2278-1684, ISSN(p) : 2320-334X, PP : 16-25
www.iosrjournals.org

Effect of Bending Stress on Steel Alloy Of Helical Gear For High
Speed Applications

B. Venkatesh', S.V.Prabhakar Vattikuti® D.V. Ramanareddy?, S. Naresh

Kunar* V.Kamala?, AMK Prasad®
!(Department of Mechanical Engineering, Vardhaman College of Engineering, Hyderabad, India)
(DGM (Retd.) BHEL R&D, Hyderabad, A.P, India)
¥(Dept. of Mechanical Engg., University College of Engg., Osmania University, Hyderabad, India)

ABSTRACT : Gears are one of the most critical components in mechanical power transmission system and
they are advantage over belt, wire, rope and chain drives. Gears are most commonly used for power
transmission in all the modern devices. They have been used extensively in the high-speed marine engines. Gear
design has evolved to a high degree of perfection; the constant pressure to build less expensive, quieter running,
lighter weight, reliable, less cost and more powerful machinery has lead to steady change in gear design.
Today, the most significant new gear developments are in the area of materials. The objective of the present
work is to focus on investigating the effects of face width, gear ratio, normal module, speed and helix angle on
bending stress of steel alloy (40 Ni2 Crl Mo28) helical gear for marine applications.
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. INTRODUCTION

Gears are rotational elements, used to transmit the rate of changing the rotation from one shaft to another. Gear
transmissions are widely used in various industries and their efficiency and reliability are critical in the
final product performance evaluation. Today, the most significant new gear [1] developments are in the area of
materials. Modern metallurgy has greatly increased the useful life of industrial and automotive gearing to new
levels of accuracy, reliability and quiet operation. It is possible that gears will predominate as the most effective
means of transmitting power in future machines due to their high degree of reliability and compactness. In
addition, the rapid shift in the industry from heavy industries such as shipbuilding to industries such as
automobile manufacture and office automation tools will necessitate a refined application of gear technology. In
the present era of sophisticated technology[5] gear design has evolved to a high degree of perfection. The
design and manufacture of precision cut gears, made from materials of high strength, have made it
possible to produce gears which are capable of transmitting extremely large loads at extremely high
circumferential speeds with very little noise, vibration and other undesirable aspects of gear drives.
Helical gears are the modified forms of spur gears, in which all the teeth are cut at a constant angle, known as
helix angle, to the axis of the gear, where as in spur gear, teeth are cut parallel to the axis. The following are the
requirements that must be met in the design of gear drive, the gear teeth should have sufficient strength, so that
they will not fail under static and dynamic loading during normal running conditions. The gear teeth should
have clear characteristics so that their life is satisfactory, the use of space and material should be economical.
The alignment of the gears and deflections of the shafts must be considered, because they affect the
Performance of the gears. The lubrications of the gears must be satisfactory.

Marine engines are among heavy-duty machineries, which need to be taken care of in the best way during
prototype development stages. These engines are operated at very high speeds [6] which induce large stresses
and deflections in the gears as well as in other rotating components. For the safe functioning of the engine, these
stresses and deflections have to be minimized. In this study parametric approach analysis on a high speed helical
gear used in marine engines using steel alloy material is undertaken. The results obtained in theoretical and a
conclusion has been and manufacture of precision cut gears, made from materials of high strength, have
made it possible to produce gears which are capable of transmitting extremely large loads at extremely
high circumferential speeds with very little noise, vibration and other undesirable aspects of gear drives.
Gears have been manufactured for a number of years with extensive ongoing research [4] related to their
efficiency, operational quality and durability. They are relatively complex and there is a number of design
parameters involved in gear design. The design of gears requires an iterative approach [2] to optimize design
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parameters [3] which govern both the kinematics as well as the strength performance. Due to the complex
combination of these parameters, conventional design office practice tends to become complicated and time
consuming. It involves selection of appropriate information from a large amount of standard data [9] available in
engineering catalogues [2] and design handbooks [3],[11].While the knowledge in gearing design is vast, there
is still an acute paucity of research on comparative analysis between various standards and engineering
practices.

1. DESIGN METHODOLOGY

The helical gear is design based on AGMA Procedure:
According to Lewis equation for beam strength of helical gear tooth;

R, =[oy]-b-7m, -y, (1)
Number of teeth; Z, = (Z/cos®B) 2

Design tooth load by;
Fp, = F.K..C= (F.K.Cy/Vv) 3)
The dynamic load by Buckingham equation;

N 21v(Cbcos? B+ F, )cos 3 )

F,=F
" 21v+./Cbcos? p+F,

The flow chart is showing the process of helical gear design;
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FLOW CHART

START

Y

Read power (P), Speed of pinion (N)
Gear ratio (i), Helix angle ()

Y

Read compressive stress (a.)
& bending stress (o)

Y

Read density (p) , young's modulus (E)
Poisson’s ratio(y) &

Y

Assign [M;] =9740KW/N

Y

Calculate [M;]=M; K K
=(97420*9000*1.8)/3500
=32566.14 kgf-cm

Y

Calculate minimum center distance
Cp=(i+1) *V(0.7/ o J**E(M,)/i)
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No

YES

Calculate my=1.15 cos B * *VMr /v, 0p UmZ1

Is mp=11&

my< 16

Design is safe

7,=1.8
w=10

¥

Calculate Z,- 7,/ cos 3|3

Y

Lewis form factor
Yv=0.154-(0.912/7v)
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Mn=18mm=1.8cm

!

Mo of teeth on pinion
Z,=2a cos B/m, (i+1)

l

Z,=18

k4
Mo of teeth on Gear
Z,=iZ,

v
Daimeter of the pinion
d,=(m,* Z,)/ cos B

v

Daimeter of the Gear
d 2= I-)E d 1

v
Calculate center distance

a= {d 1+d 2};"2

-

Calculate face width
bl = l.IJEI x b?_: L-I”'rr:r-'r'rl
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NO

[fby> bs

" YEs

b=b, b=bh,

Y
Calculate  0.=0.7*((i+1)/a] V(i+1)*E*(m7)/(ib)

Is a.<[a]

Calculate a, =0.7(i+1) [m+]/(a b m,Y,)

Is o <[00)]

Design is safe

'

Calculate V=(TT D,N,) /(60*1000)

!
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i Read K, ;
Y

F=(P*ks)/V

No
If V=20 m/s
YES

h 4

Cv= (5.5+WV) /5.5

Beam strength of helical gear tooth
Fs=[ G )*b*TT*m,*Y, Or
Fs=[ Op]*b*TT*ma*Y,

YES
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Design is
safe

Read deformation factor C

!

Calculate
FI=[0.164V(cbcos3 B + FT) cos p] /[0.164V+1.485Vchcos2 f + FT)

'

Calculate
Max dynamic load Fp= Fr +F,

No

YES

Ratio factor Q=2i /(i+1)

Read KW

'

Calculate Limiting load for wear
F.~(d*b*Q*KW) /cos”

No
Design is unsafe

YES

Design is safe

i

stop 7

Fig.1. Flow chart for the process of helical gear design.
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1. RESULTS AND DISCUSSIONS

To arrive at optimum values of bending stress to get low cost manufacturing for Steel alloy (40 Ni2
Crl Mo28) gear have been carried out.

3.1 The effect of helix angle, module, gear ratio, face width on bending stress for steel alloy:

The variation of bending stress for different input variables are shown in figs. 1(a) — (d). The speed is kept
constant. The fig 1(a) shows the relation between bending stress and gear ratio. The helix angle, face width, and
module are kept constant. When the gear ratio is increased from 4 to 8, the corresponding bending stress
remained constant. The fig 1(b) shows the relation between bending stress and Face width. The helix angles,
gear ratio, module are kept constant. When face width is increased from 41 to 49, the corresponding bending
stress decrease linearly from 580kgf/cm? to 485kgf/cm?. The fig 1(c) shows the relation between bending stress
and helix angle. The face width, gear ratio, corresponding to optimum value obtained earlier and module is kept
constant. When helix angle is increased from 15° to 35° the corresponding bending stress was observed to
decrease from 580 kgf/cm? to 492 kgf/cm? The fig 1(d) shows the relation between bending stress and module.
The value of face width, gear ratio, and helix angle for maximum bending stress are kept constant. When
module is increased from 16mm to 24mm, the corresponding bending stress was observed to decrease from 580
kgf/cm? to 258 kgf/cm?® Thus the maximum bending stress 580 kgf/cm? is obtained for input parameters viz.
gear ratio (i) = 6, face width (b) = 41, helix angle (8) = 15° and Module (Mn) =16.

3.2 Optimum parameters for maximum bending stress:

The effect of gear ratio, face width, helix angle, and module for optimum bending stress for steel alloy is carried
out. Keeping the helix angle, face width, speed and module are as constant. When the gear ratio is increased, the
corresponding bending stress remained constant. Keeping the helix angle, gear ratio, speed, module constant and
for variation of face width, the bending stress decreases linearly. In the next step, the face width 41lcm,
corresponding to maximum bending stress is fixed and the gear ratio, speed and module are kept constant and
helix angle is increased, and the corresponding bending stress was observed to decrease. The helix angle 15°,
corresponding to maximum bending stress is taken for further optimization. Now the face width, gear ratio,
speeds, helix angle are kept constant and module is varied. The corresponding bending stress was observed to
decrease. The module 16mm, corresponding to maximum bending stress is taken as constant.

V. CONCLUSION

The study helps to make out the effect of bending stress on the optimum design of helical gears for high speed
applications. The analysis yielded bending stress of 580 kgf/cm? for gear ratio (i) = 6, face width (b) = 41, helix
angle (B) = 150 and Module (Mn) =16. The helical gear parameters that constitute the design are found to be
safe from strength and rigidity point of view. Hence Steel alloy (40 Ni2 Crl Mo028) is best suited for high speed
applications.
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VI. NOMENCLATURE:

o, = Bending stress in Kgf/cm?
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[on = Design Bending stress in Kgf/cm?
E= Young’s modulus in Kgf/cm?

[ Mt ] = design torque in Kg-cm

B = Helix angle in degrees

Fq = Dynamic tooth load of the gear Kgf
Fp = Design tooth load kgf

m, = Normal Module mm

Y, = Lewis Form factor

b =Face width in mm

N = speed in rpm

i = Gear ratio
REFERENCES

[1] JJ.Coy, and D.P.Townsend, Gearing, NASA reference Publication, AVSCOM Technical Report 84-C-1 5, 1985, 1152.

[2] Alec strokes, High performance of gear design 1970.

[3] Darle W. Dudley, Hand book of practical gear design 1954.

[4] Alexander L.Kapelevich, and Roderick E.Kleiss, Direct gear design for spur and helical involute gears, Gear Technology,
Sept/Oct 2002.

[5] Chien-Fa Chen, Chung-Biau Tsay, Tooth profile design for the manufacture of helical gears sets with small numbers of teeth,
International Journal of Machine tools & Manufacture, 45, 2005, 1531-1541.

[6] Lazar Chalik, Preloaded Gearing for high speed application, ASME Power transmission & Gearing conference, DE-V0l.88,
1996,765 — 768.

[7] R.L.Norton, Machine Design: an Integrated Approach, (New Jersey: prentice- Hall Inc, 1996).

[8] X.Li, G.R.Symmons, Cockerham, Optimal design of involute Profile Helical Gears, Journal of Mechanism and Machine Theory,
Vol. 31 No 6, 1996, 717-728.

[9] E.A.Avallone, T.Baumeister, Marks, Standard Handbook for Mechanical Engineers (11th ed McGraw -Hill, Inc. New York,
1996).

[10] Y.W. Hwon and H.Bang, The Finite Element Method using MAT LAB (CRC Press Boka Rotor, USA, 1999).

[11] PSG, Design data (Kalaikathir Achchagam publishers, Coimbatore, India, 2008

Second National Conference on Recent Developments in Mechanical Engineering 25 | Page

M.E.Society's College of Engineering, Pune, India



