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ABSTRACT

The aim of this paper fs to consiruct e software containing a complete deslgn procedure and
detailed drawing for spur, helical and double hellcal gears. Thls software can be executed on
all the IBM personai computers XT/AT or compatlbles. The main elemants of the design In 1his
program are : inpul dala, type end shape of gear toolh system (IS, US, BS and OIN}, module,
minimum number of teeth to aviod interference, tooth profile moditication, centre distance,
contact ratio, face width, helix angle, material. equations for bending strength {Lewis, modilied
Lewis and Buckingham) and surface durabilily. and lcad carrying capacity for bending strength
and surface durability using 130, AGMA and BS equations with constant ar variable tooth load.
Many equalicns and practical formutae are selecled for making the gear construclion (integar
gear, solid gear, gear with web, gear with web and holes, gear with arms, gear with lwo walls
and composite gear).

With running the soflware. lull specilications, geomeltry, kinematics, foads, stresses and delailed
drawing of the gears are obtained according to the input data. Dlferent examples are selecled
to show the variely of the oulput dala and the slrength ol the soltware. Also these runs show
the sava in lime and accuracy ol the resuits.

NOMENCLATURE
English letters
a centre dislance, mm b dedendum, mm
"CR coniact ralio Cy geometry faclor for durability
Cr durability load-dtstribulion factor Cp coefficient for elastic properties
Ca,, application tactor of 1the materials used
C, velocity laclor cy factor
d pitch dlameter of pinion or wheei, mm dpg plich diameter of pinion and
E,z modulus of elasticily lor pinion wheel respectively, mm
and wheel respectlvely, Kp/mm e measured error In aclion, mm
F  face widih, mm hy addendum, mm
hy dedendum, mm | durability geometry faclor
J btending gecmetry factor i number of arms
Ka application factor Kea  longitudinal load-distribution lactor
Kg, Transversa load-distribulion factor lor bending stress
tor bending siress Kn, lransverse load.dlstribution factor
Kng longitudinal load-distribution lactor for pitling
for pilting k fatigue stress-concentration factor
k, pilch tactor =pod kpw toolh corection jactor for pinion
ky service factor and wheel respectively
ks torm-lacior coellictent Ky dynamic factor
L hutr length, mm m module, mm
my , effeclive masses of the pinion mpy normal modute, mm

and wheel respectively, sfugs

profile comtact ralio
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mg gear ratlo P circuiar pitch, mm
Py diamerral pitch Pa normal diametral pitch
P, tranaverse clrcular plich, mm r pitch circle radlus, mm
A2 pilch clrcte radius of pinion and fao edge radius ,mm
wheel respectively, mm Ty edge radlus ,In
ra.fp addendum circle radlus and basa y lilei radius, mm
clrcle radlus, mm S calculated tensile stress ar root
Spo ' baslc bending stress, Ibin? tooth, Ibfin
Seo baslc surface stress, Ib/In® T number of taeth of pinlan
1 number of wheel leeth Ty flash temperature, °F
T, blank temperature, °F U number ol wheel teeth/ number of
v tangential velocity, mt/sec pinion teeth
W, acceleration load, N Wa dynamic load, N
W, transmilted load, N Wimax max. Iransmiited Joad, N
W, average force required to accelerale Wy lorce required 1o deform the teeth
the masses. N through amount of effective error, N
W, limlling load lor wear, N X tooth correction lactor
x|,z tooth correction factor lor pinion and Xh speed factor for strength
wheel respectively Xe speed lactor lor wear
Y form faclor Y' strength ltactor
:'/3 helix angle factor Ye looth lorm factor {(HPSTC)
s Stress-concentration factor (HPSTC) Ye«a  slress-concentration factor
Yea l0oth form factor (tip loading) {tlp loading)
Y. contact ratlo factor Z minlmum npmber of teeth
Zeg  coelficient for elastic properties ZH.¢¢ total durability geometry factor
of the materials used Z,,gg number of plnion and wheel teeth
Z'  zone laclor Zin  Minimum number of teeth
Greek Jelters
T a  pressure angle, (metric) deg Clyy working pressure angle. deg
ay lransverse pressure angle, deg g helix angie
1 faclor P pressure angle (English), deg
o, bending stress, Nfmm? (Ibsin?) . endurance limits, N/mm

o
2) 2122 looth radius of curvature of the
pinlon and wheel respectively, mm

oq Surface endurance limits, N/mm?(Ibfin

INTRODUCTION

Gear drives are the most commonly used of ail lypes of drives. They are used for parallel,
intersecting, and crossed shalts, tor the towest to the highest horsepower, speeds, and overall
speed ratlos. They are distinguished for their slip-less force transmission, high rellablilty, long
life, ability o take overloads, easy maintenance, compactness, and high efliclency, despite, their
higher price and somewhat higher noise level. Dillerent types of gears are shown in Flg(1).
These gears are generally categorized inlc three distinct types according 1o the types of shaits;

a- For parallel shafts, namety,
spur gears (external and Internal), helical gears {exlernal and internal) and herringbone or
double-helical gears (external and inlernat).

b- For intersecting shafts using
bevel gears (stralght, zerol and spiral), lace gears and beveloid gears.

c- For crossed shafts (non imtersecting andlor non paratiet)
crossed hellcal geer, single and double-enveloping worm, bypold gear, spiroid geer, planold
gear, beveloid gear, lace gear and helicon gear.

In recent times, the gear design has become a highly complicated and comprehensive subject.
Designer of a modern gear drive system must remmember lhat the main objeclive of a gear
drive is to transmit higher power with comparatively smeller overaill dimensions of the driving
system which cen be constructed with minimum possible manutacturlng cost, run reasonably
free of noise and vibratlon, and requlre little mainienance. He has to satlsly, among others,
the above conditions and design accordingly, so thet the design is sound as well as
economicaily viable.
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The most imporiant stresses which should be considered tor the gear design are :

a- Siresses due to the bending of the tooth

b- Stresses crealed by contact pressure, generally known as Herlz stresses. Besides, gear failure
by pitting and scoring are also considered.

The precise computalion of gear capacity Is an extremely dilllcult process since a large number

of verlables are involved such as gear cutting accuracy. mounting errors, elastic deflectlony,

material quality, tooth stlifness, characteristics of connected machinery, and many others.

Cue to the above problems, gear design is a complex and Ume-consuming task which must
satisly numerous design constralnts. [t is desireble to use CAD technigues to accomplish this
task. Many Investigators [1-6] have attempts for the gear tooth design using the computer, but
to the author's knowledge there Is no complete work that has been done on the gear design
using CAD technigue.

The alm of ihis work Is to conslruct a sofiware containing complete specificallons, geometry,
klnematics, loads, strasses and detailed drawing of spur, helical and double heflcal gears. The
future sleps {under preparation) are to construct softwares for bevel gears, worm and worm
wheel, hypoid gears, lace gears and gears of circuiar-arc tooth-proiila.

DESIGN APPROACH

1- Types of Gear Tooth Systems

The relorence profiles of the tooth (basic racks) of 1S, US st., BS and DIN [7-14] are shown
in table (1}, Full depth 20° Involute system is the most widely used looth sysiem, This sysiem
ellaviates the interference and undercutting problems and gives a stronger root section. Full
deplh 14.5% involule system gives a number of gear leeth which are large enough lo avoid
undercutting. Stub-tooth systemn reduces the interference problem and is of greater strength,
lower cost and small sliding velocity, but the conlact ratio is less Lhen that for the tull depth,
This system gives better resulls when the pinion has less than 25 teeth.

Des, Stapdards Tooth syslem a® | hdm | hifm rifm rim nm yim
IS SI, 1525351978 20° Full Depth Sys1. | 20 | 100 | 1.25 0.400 | without | 0.02 | <06
ASA-B B.1/1932 | 14.5° Composie Syst. | 148 | 1.00 | 1157 | o208 | 3.r2ay —_ —

ASA-B 8.1/1932 | 14.5° Full Depth Sysl. | 74.5 | 1.00 | 1,175 | =0.208 | wilthoul —_ —

US St | ASA.B 6.1/1932 | 20° Full Dapth Syst. 20 | 1.00 | 1175 | 20.235 | wilhoul —_ —
ASA-B 8.1/1932 | 20° Siub Tooth Syst. 20 | 080 | 1.000 | Z0.300 | withaut — —

ASA.B 6.7/1950 | 20° Fins Pitch Syst. 20 [ 100 | 1200 0.000 | without —_ —

AGMA 218.01 | 25° Fuli Dapth Syst. 25 | 1.00 | 1.350 | Z0.235 | without - —

855 438/1940 | Class A 1 20 {100 | 1.440 | 0.295 | 215750 | 0.009 | 0,493

BS St. | PSS 436/1940 |(Classes A 2 and A 20 [ 100 | 1.250 | 0.390 | 215750 | 0.009 | 0.493
855 436/1940 | Clasaes C and 20 | 1.00 | 1.250 | 0.300 | =12.875 | 0.01% | n.528

DIN &t DIN 887 20 | 1.00 | 1.4:1.3 | 0.200 | whhouwt —_ —

q=3.72783m, {=0.58278m
Table (1) Reference profiles (basic racks) of {5, USA, British snd DIN sftandards

2- Minlmum Number of Teeth to Avold Interference

Minlmum number of teeth required of the pinion to avoid inlerterence "under culling” is a

function of the pressure angle, tooth prollle modification and gear reduction ratlo according to

the (ollowing squalions [8,10,11] :
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Z=2sirta (1)
Z=2h imsina Metric where hy = hy-Fae{1-Sina) {2-a)
N=2x.Pl(sin2¢ English whare x =b-rn(1-sing) f2-b}
22427, Za=4(1 + Z/8Ima or (242 + 27, = (81 Zgs\0%a) + (d1sin’a) (2}

3- Tooth Profile Modiftcation

According to the design aspecla, there are two broad calegories of the looth protile
modifications depending on the required design for changing or not changing the cenire
distanca. For not changing the centre distance. the two compgenents of the mating pair of
gears receive numericaily equal :.crrection lactors, bul ihese two factors are algebraically of
opposite signs. The pinlon is provided with pesilive correcllon and the gear wilth negative
correctlon. This type is also known as the “long and short addendum' system [11].

x=(Z i min , Xy+Xy =0 (4)
New dimensions of tha gearing system are as follows;

Pinion Whaat
Tlp circle dlameter dy+2m+2x,m dy+2m-2x,m {s)
Root circla diameter d,-2(1.25x,)m do-2(1.25+%)m {6)
Tooth thickness on the plich circle (xm{2) +2xym lane  (zmi2)-2x,m fanx {7)

For changing the centre distance the sum of the profite corrections of the wo mating gears
Is not egual to zero. It iy eithar posilive or negative

Xy +x= (24 + Zyj(invag-inval)l(2 tana) {(8)
Actual cenire distance, a =m(Z,+ Zyjcosai(2 cosa,, ) (%)
Addendum modlfication |, ¥, =m(Z,+Z/2+(x\m+x;m} - & (10)

Also addendum meodliicatlon of spur gears Is given as foilows according to [8.10]. When the
{foolth sum ls agusl to 80 or mora, addendum coeificient of the pinlon ls

Ko =0.4(1-t/T) with a minimum value of k,=0.02(30-1) and k,=-k, {11)
When the toolh-sum Is less than B0, the sum of the addendum coeflicienis Is equsl lo
Ky +ky =0.02{60 -(T+1)] and k,, =0.02(30-T) (12)
Another addendum madlfication of spur gear is given in table {2) according to [15].
Tooth retlo 2(P pressure angle 25° presaure angle
z
W22 Pinion add, | Wheel add. | Pinion add. | Wheel add.
12138 1.24 0.76 1.18 0.84
1Z/50 1.32 0.68 1.22 078
12/758 1.38 0.62 125 0.79
12/128 1.44 &.56 1.25 0.75
12/ 1.48 0.82 125 0.75
16435 1.15 0.85 1.10 090
16/50 1.22 0.78 1.15 0.85
18/75 1.27 0.7a 1.18 0.82
18/12% 1.32 0.68 1.21 0.79
16/ 1.36 0.64 1.24 0.78
24138 1.06 0.04 104 0.95
24/50 111 0.89 1.08 0.92
24/75 1.15 0.85 1.10 0.0
241125 1.20 0.80 113 0.87
24/ 1.24 0.76 116 0.54

Table {2) Long and short addendum flor speed-reducing spur gears.
4- Comact Ratlo
To ensure smooth and coitinuous running, the contact ralio CR must be as high as possible,
which lhe ilmiting factors permit. Definile vaiuas are dilficult lo specily, a lower contact ratio
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also necessitales a higher degree of accuracy in culling.

(ril—rél)o's +(r§?—r§?)°'5— {a.sina)
- " B A S 13
For spur gear, CA (rr.c080) {13
2_ 205 . .
(fa~rr)  —(r.sina}+(h/sina)
For a gear mating with a rack, CAR= #n B (14)

(xm.cosa)

Contact ratlo for the helical gearing is the summation ol the prolile and face contact ratios
as;
(r§ —r: )0'5 +(r: -.-§ )0'5— {a.sinw,) F.lanf
CR = 1 t "z R (15)
Peosa, P,

5- Face Width
Face width is a very important factor lor designing and detlermining the load carrylng capacity
of the gears. Selection of this vaiue depends on mulli variables such as pilch dlameter of the
gear, module, centre distance, circular pitch and axial pilch. Relations betwaeen the tace width
and the above varlables are writtean as {ollows;
8- Face width with piteh Olameler:
Face width should not exceed twice pinion diameler
Face width should not be less than 1/10 wheel diameter
With rigid straddle mounting Fid < 1.2 , Wilh overhanging gears F/d =< 0.75
Face width with cenire distance;
F=0.5a for single step geering
For double reduction gear box, £y =a/2 for the first slep, Fz=2Fy. lor the second step. The
ralio F/a may however be teken the same for ail the sieps and the centre dlstances in
gecmetric progression ay : &y @ ant =100 : 125 ; 160
c- Face width with circular piich:
F=ciP, ¢r should not exceed 5 or 8 excepl for profila group and shaved gears where ¢
may be as much as 8.
d- Face width with axial pilch:
Face width should be at least lwice the axial pilch.
e- Face width with modufe:
Fmax =Am , i1 depends on the surface finish of the gear tooth and type of bearing carrying
the gear shalt;
4 = 10 for cast clean, smooth 1ooth and bearing (itted on steel coostruction
For machined smooth or ground tooth;

o
0

4 = 15 bearing Is Nited on steel construction

A = 15 bearlng with gverhung pinlon

A = 25 bearing is fitted In gear box casing

4 = 30 bearing with rigld base using shafl with sulliclent stillness.

Marmally, the width ol the pinion is made 3 lo 4 mm greater lhan of the wheel to ensure
complete engegement during sarvice.

8- Helix Angle

The hellx angie is an important ¢riterion of the design of helical gears as the gear dimenslons,
cantre distance of drive and thrust torces depend on ils magnilude and orlentation.

Hence, hellx angle can be calculaled from the squation

—- P
B =lan '(1.15;') (16}
For normal application helix angle ranging from 8° to 20° Helix angle should not cross 30°
lo avoid a large resultant axial thrust.
Double helix gears have helix angles that typicelly range from 30° lhrough 45°. Although higher
helix angles provide smoother operations, the toolh strength Is lower.

7- Design of Gear Tooth According to Bending Sirength

Geer lpoth design according to bending strength Is divided into Lhree staps using Lawis,
modifled Lewis and Buckingham equatlons as follows ;-

- Lewis Equation, op = W¢/! (FmY) {17}
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Y = &(0.124 - 0.684/Z) For 14.5° composite and Full depth Involute system
¥ = x{0.154 - 0.912/Z) For 20° Full depth involute system
Y = =(0.175 - 0.841/Z) For 20° stub systemn
In hellcal gears, the virtual number of teeth must be used to delermine the form factor Y.

Z, = Zjcos™s
- Modlfied Lewis equation,
FmiK,Y.C,
'-m_—__—gK, . For spur geer {18-a)
W FmY.C, ical ’ 180
‘m--_——_dK,.K1.mp - For helical gear {18-b)
Ki = 0.18 +(m®'501%%  For 20° Involute teeth
Kp = 0.22 +tn%0)%* For 14.5° Involute teeth
K, = 1.25 For steady Ioads, 1.35 For pulsating loads, and 1.50 lor shock loads.
Kz = 1.7 For full-depth 1eeth , 1.6 For siub leeth
C, = @A+ V} , VY up to 125 mfsec , ordinary cut gears
C, = 45/(45 +V), V up to 125 mfsec , carefully cul gears
C,=6/8 + V) , Vupto 20 misec, very accurately cut and ground metailic gears
C, = 075/10.75 +vV) , V up to 20 mfsec , precision cul gears with high accuracy
C, = {0.75/(1+V))+0.25 non-metaflic gears
- Buckingham Equation, Wy=W,+ W, (ZW,—W_) {18)
W,. W
W, = 1-Wa
(:"1 +zz) .
T .8
Wy=——2" + Vv W= ——— 1 W For spur gear
1 (m,+m2)("“ ) T el +VE,) por 9
cym
W, = ! (vn +h )\rzcos B, Fe cosz,’i+ W, For helfical gear

{m, +m,_) We= ColVE, +1E,)
Cy =0.00086 For 145° gears , 0.00120 For 20° gears
C2 =9.345 For 145° gears . 9.000 For 20° Full-depth gears , 8.700 For 20° stub gears

8- Design of Gear Tooth Agcording to Surlace Failure
Design of gear icoth according 1o surtace fallure is done using the following equations :-

- Limiting foad for wear -

1.45Fd o
- "PG + 2. 20
W, @700 {(VE,+VE,)0q, Sina For spur gear f20)

1.43Fd o
_‘=__£_G_(|,E +I4=1)c.rn‘ sing For helical gear {21)

(@ +dG}cosp
0.7 W, (mg + 1
- Comtact siress for spur gear;, Se = \/‘.‘”51 T TE2CoSPSig /;é—r—em—) f22)
/ 0.7 3 Cfw T
- Contact stress for helical gear; Se= oTTET T ‘I:/%sz)iownsmqsn‘/ﬁ;ﬂ(;mo ) (23)
W,
- Scoring-criterion number = (Ti)u.u:g.smu.zs f24)
{ Yo\ - Ypalma]

- Fiash lemperature; Ti=Tb+0.01 TS(—‘?)G"‘""ZE'S {25)

(cospy)® " lprpatipr+p2)]”
9- Deaign According lo Load Carrying Capacily
After the gear-ooth data have been caiculated, It ts necessary lo calculate the capaecity of lhe
gearsal. Since the design started from an estimate, il may be that the first design which is
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workad out In detail Is oo small or 199 large. Oncea all tha gear-tooth data have been
calculated. it Is possible 1o use deslgn formulag to delermine a raled capaclty of the gearsel.
This rated capacity should be larger lhan the actual load which will be applied 16 the gearset.
Complete form of AGMA, 1SO [15] and BS (8] gear raling formulae for bending sirength and
surface durebility are used and given as follows :

- Total rating stress In bending:

s.=%xmc%"' AGMA (26)
Wy

ap—ﬁn: Ye Ys Y8 Ka K Keg Kig for load at HPSTC ISC (27)
W ; ' .

6F=ﬁ‘—n Yea Yoa Ye Y8 Ka Ky ey Keq  for load at tip of tooth IS0 (28)

Total rating stress for surface durahilly:

$.=C (w"—c"Pﬂ 0-5 AGMA {29)

=g FIT,

on=ZeWKa St D K, Kua K™ (24 25 29 150 (a0)

british slandard rating lormulae:

W,=Sp, Y X /P For the strength raling, {31)
w.=sc,,.z'.xcmp For the wear rating fa2)
Horsa-power lormulas at normal rating
SpepXng Yol 1.F
Plnion, strength ; h.p. =% (33)
126000F
ShowXbw Ve -NF
Wheeal, strength ; h.p. =£b_*w_1___ fa4)
126000°
ScopiogZ 1F
Pin - hop. = Jeopop .
infon, wear ; h.p —126000&}(,, {35)
ScowXewZ TNF
Whee!, wear, h.p‘ —W fdﬁ)

For variable Loading:
Duration other than 12 hours per day, lorque and speed are constant,
normal raling=acusal load x ‘running time factor, Ky="vTAz far swength . Ku="vUAZ lor waar
For variable lorque and/or speeds:
Uy hours at maximum torque My and speed M1, U2 hours al a torque Mz and speed Nz Us
hours at a torque M3 and spaed Ni,...
The equivalent running time (s is given by :

Ug = Uy +Up (NN, }(MgM 3+ Ug(NaN (MM )+ (37)
The rating formulae tor gear 1ooth strength and gear surlace durability have become very long
and dilficult in uge. Short and simpla formulae of AGMA and 150 are used with or without the
exact formulas according to the selacted condition of the design.
Strenglh formula :

5, =K.U.%g Nimm®  or  psi (:38)

K1 geomeilry tactor for banding strength = ¢ . Cosfi / J
th unit load, index lor tooth breakage  =Wy(F.mn) N/mm?  or  (WePn)/F  psi

Kd overall derating for bending stranglh = (Ka.Km.Ks)}He Matric or Engilsh
Durability formula:
§.=Cy(K.Cy)"® Nmm?  or  psi (39)

Cx geometry lactor for durabillly = ¢ . [{mg+1) / L.mg]™?
K = k factor, index for piiting
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=W(U+1UFd,) merric  or =Wymg+1(F.d.mg) English
Cq= Overail’ derating lor durability =C,ChC/C, Malric or English

10- Gear Consiruction
Gear construction depends upon lhe size, material, stress analysis, melhod and accuracy ol
manufacturing, type of appllcation, operational parameters, lype and technique of heat
treatment and cost. Different lypes of gear constructions are given as follows [16-21) and
shown in Fig(2).
10-1 Integar Gear; Fig{2-a). this type is used in the case of & <2d; or if d; - dy =3m
10-2 Solid Gear; Fig(2-b): this type is used in the case of 2d, < d < [14.75m +60mm] or
d < 47P, + 235 in
10-3 Gear with Web; Fig(2-c): this lype is used lor d < 250 mm ord = 7.5 P+3.35 in ,
I = t75m or t = 0.5P.+0.125 in, m=vB3Z P, in dg =dy- 10m
hub diameter and ilength are given

Dameter, dg ’
Typs of aervice Langth, L
Caat lron Steal I a
Light lead, ao shack 1.75d4 1.8d4 L = 1.80d,
Madium load and shock 1.85d1 17dy L & 1.75dy
Heavy load and shock 2.00d 1.8d, L > 2.00d,

10-4 Gear with Web end Holes; Fig{2-d) this type is used for d = 250 mm , dy=1.6d,,
dg=(d,+d,Y, , dy=(d,—d)g, [=03F, my > 1.5m , N =3 for d <40 mm , N=4 for
dy < 100 mm , N=¢§ lor dy <180 mm.

10-5 Gear with Arms; Fig{2-e) this type is used lor @ >400 mm , Fig{2-f} shows the different
cross secllons of the arms, Flg(2-g) shows the cast wheels at d < 1000 mm , F <200 mm
and Figi{2-h) shows the wheel at d > 1000 mm and £ >200 mm. t,= 1.6m to2m o
{0.5P,-0.6P.) in , the rim should be taper al the rale of about one inch per ft. toward the
centre or t,=1p V2, F27 . a=t, , [ = (17 to 1/8) d®> mm = 410 8 hy =8m o 1M,
fy=6.5m 10 9m or hy=0.8dy, hy=0.8hy , c=0.2h (bt < 10mm) , s= 0.8c, e=0.2d,,
K=08e, r=10mm R = 0.5h, .
The required section modulus of the arm at its centre, 2 =W d | 2} oy 4.

10-8Gear with Two-walls; this type is shown in Fig{2-i), dimensions are in inches. A=d/80 ,
B=04+0.2d; , C =0.25+0.6P (1+2/1000) . dy = largest of the three quantities {F/2,
03(02AY | 0.183/iorgie fbin }, F, =largest of the three quantiies [ (dy - 1.7d,)i40,
0.25+Fi20, 0.25+d/40 }, G=0.13+0.3P, or FI8 wichaever is lass, Jy =[0.5dy - 0.5d,
+ -8B -C-2M], K =F-26G-2F , My = 0.7 + dy/500

i0-1Compasite Gear; this type Is shown in Fig(2-/,k), the whasl centre Is made of cast iron and
the rim Is made of steel or alloy steel.

FLOW CHART AND COMPUTER PROGRAM

Construction of the software containing design and drawing of spur. helical and double helical

gears covers all requirements of the designers and users of the gears. These requirements ara

divided and specified into the following:

1- Experienca and expertise of lhe user is not efficient, and lhe available data are not enough.
For example, availabfe data are transmitted power, input and output speeds. Complete
calculations, selections and checks are done for running the program automatically wilhout
Interface with the software to obtain the safe design and drawing of lhe gears according to
the flow chart shown in Fig(3).

2- Expertence and expanlse of the user is elficient, some items are selected or assumed such

as module and/or material, type of gear and helix angle. This facility gives minimum running

time of the program end minimum cost for the design.

Improving the design and performance of tha gear in service or old design by feeding the

software with some intormation. The program calculates the new reguired dimensions,

specifications and new drawings.

)
i
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Fig.(2) Different iypesz of gear construcllons.
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(StarDy~~/Input_DataZ-~{Design Acc. lo [S0. AGWA, BS. DIN
[

If you change Lhe demign procedure
1-Spur_ 2-Heiical _3-Oouble helical Seiect tooth form

Tant
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Helical

Double Helicsl

I
Gear cutling
| Select Helix Angj—,——‘“elecl plnion material Nilling, Shapping, Hobbing

|Catc. CR}=—|Cale. Ince widlh J=—{Calc. pinion and wheel dim

Fall

for the inpul deia

Change some puramelen?l | Profiie _carrection |—=| Change m. mg. a]

72 €< Zroln
and Z, +Z: 2% in

Using iable {2]]
|Cale. dim. of pinion & wheel —={Conslruct pinion & wi:]

Calg. shall diam. of pinion & wheel Seiecl type of service
B> 2000

Integar gear

_umpuuil.e gear
Gear_wilh lwo—walls]

Gear with arma
|Gear wilh web & haies]

~Calc. (m} by Lewiz Eq.{17}5

Mgy

‘Calc. atress and load
by M.L.E. |

-"‘ Incressing module

Cale. alreas and Jond z’“ {ncreasing face vidl.h,L-——

by Backingham Eq.
e

nafe

LT L]

Toumx > 74

% /Sel_material with higher strenglh Z

-

@a;fmiiio:&uﬂ;:l:::s'“r} _45"""—"{&“ pinion hardnezs]|——{Delermine the wheel materinij~

Calc. lond carrying capscily Tor ] Unsura
| sirenglh and surface durability Cale. Scorjng criterion NoJ=—{Calc. flash temp.Jor—
using AGMA. 150, BS Egs.

4;"-1 Cale. {inal_dim. ol pinion k whesl}—=|Crealing pinion & wheel drawings]

[ Print_inpul deia, specifications, dlmensions, Kinematica—lLoads , siresses and construction |

Stop
CENDD

Fig.(3) Flow chart.
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4- Obtaining 1the specifications and the dimensions of lhe gear to manufacture a new gear
instead ol an old one broken in service.

The program is written in Turbo Basic Language {22]. The compiler of lthe program with Turbo

Basic gives an executable file to run on lhe Dos prompt. The program has created and

constructed auviometically two liles which include all information on designing end drawing the

gear. Types of these liles are the DXF file and SCR [fle. The DXF and SCR files formalt are

tamillar with AutoCAD program [23,24]. By the {DXFin} command, the drawing can be

generaied on the screen.

This sohware can be executed on ali the iIBM personal computers XT/AT or compatlbles with

840 KB RAM, Math. Co-processor and 10 MB hard disk.

Fig{4) shows the differant menua of the software. For example input power=25 Kw,

apeed = 1500 rpm, number of pinion leeth=20 and gear ratio=4.

COMPUTATIONAL RESULTS AND DISCUSSION
Complete output of any run Is divided Into three itemns;

1. Specillcetlons and geomaetry,

2. Xinemalles, loads and stresses,

3. Pinion and wheel construclions with the required pariial views.

The specilications, geomelry, kinematics, loads. stresses, pinion and wheel constructlons of
25Kw and 1500 rpm inpul data are shown in iable (3,4} and Fig.(5}); those of 50 Kw and
2000rpm input dela are shown in 1able (5,6} and Fig.{6) and those of 100 Kw and 3000 -pm
input data 1able (7.8) and Fig.(7).

From these lables and flgures, it is clear thal lhe variety of oulpul results according to the
input dala. Spur gear are given lor the smallest power. For Increasing power and speed helical
gears are given. For more increasing power and speed doubla helical gears are given.

Tables {9,10) and Fig{G} show the specificallons, geometry, kinematics, foads, stresses, pinion
and wheel constructtons of 25 Kw, 1500 rpm and 250 mm centre dislance Input data. These
results show thal, when using fixed centre dislance. the program calculales automaticelly
minimum number of teeth o avoid inlerference and prolile correcllon is made to give this
centre distance (250 mm).

CONCLUSION

It Is possible 1o construct a software containing a coinplete desigh and make a detailed

drawing ol spur, helical and double helicat gears. This software can be exacuted on all the

IBM personal computers XT/AT or compatibles. A complete design and a detailed drawing of

lhe gear can be obtained according to the input powsr and speed, genarally speaking., or

entering some informatton to gel a special design ol the gear such as dimensions, materiel,

msnufacturing process and heat treatment. They can also be used for redesign the gear to

improve its performance or Iife.

By using lhis sollware, the rasults show that:

1- Oblaining a remarkebly high degree of accuracy in the calculeled dimensions and drawing.

2- Sate design is obtained for all point of view due to using multi equations and different
techniques lor checking all design procedures.

3- Overcoming the problems ol experience and expertise lor lhe designers,

4. Saving time.

5- Minimum cost ol the design.
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INPUT DTN

- =-1- P Teahswitied -
Z- (nput Speed Irpra)
3- Qutpat Speed (rpe)
1- Hunber of Pinion Teelh
5- Humber of Yheel Teeth
G~ Gear Ratip
7- Moduie
8- Diamctrat Plich
% Centre distamce
18~ Exil Input Data

{Press Enlert when do you wanl enter valuel

SELECT TYPE OF GEAD

Falu:nl Gcar
Double Hellcal Gear
Print Edil Dala

ESC=Exit

Press any Yeu to Contimue

meny (2)

meny {5)
PESIGH DATR GEAR CUTTING
. . : R 1= Ordinary Corrercial-cut Gears
D fowr Tramnitted 28 W 2- Carclully Cut Gears (Shaping)
Inpul Spaed = |SEG rpm t
- fomber of Finion Teeth = 20 3 arefully Cut bears (kbblna)
- Genr Ratio =4 - Nighesl-accuracy Gears

5~ Hon-metallic Gears

ES=Txit

menu (6}

- BrlehSlm{nrd .
- 150 Slandard
-~ DIN 87 3landard

BC=Exit

GENR PATERINLS

b~ Mon-Ferrous E:nr ﬂnt:rlnls
¢~ Plastle Gear Halerials

ESC=Exit

- ASf-B 6.1/1932 (145" Composite Sust,)
- ASfi-B 6.121932 (14,57 Full Depih st. }
- ASA:E 801/1932+128° < Fu) L 'Te st b

- 85A-1 6121932 (78°
- ASA-D b.7/1990 (29’
- SA-B 6.7-1950 (5°

Slub Toolh Syst.)
Fine Pifch Syst.}
Full Depth Syst.?

T3C=Exit

menu (4}

merw (3) menu (7)
GEAR MRTERIALS
AGHR STANDNRD = Ferpous Gear Hateplalss:onn

b- Hon-Ferrous Gear Malerials
t- Plastlc Gear Materials

|__,,__ ferrous Goar Materlals |—==

Easl Irun
Tictile iron

ESC=Exit

mernt (8)
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- Stee| AIST le4 .12 280

. alsl 4ie

TS
falerlal Carbon  BIH e (psl)
+ Sleel AISL LEEA |: R4 W g i)
¥

GEAR CIWSTRUCTIOH

-oi L Pinfon -t
2~ thecl

TPL OF SERVICE

1- Light Load,- nid - 5inck
2- tedlow Load and thock
3+ Heawy Load and 3lack

LSCExit

manu (13}

L Gear falerinls

Plnion Canstruction (lype and dimenzioms)

- Pinion iz wade of  AIS| 4346

- Mheel is made of the samc waterial (VM)

- Tupe af ronstrucllon Salld qear

- Fitch circle dlameter of ginion = 118,000 m
- Dlaw. of Lhe plnlon shalt = A7

- Face uidlh of Lhe pinion z Be.5eP

Press ary key Lo continue

menu (10) menu (14)
Szl leatfons and Commttipu (Primaey)
Lo |Fleal jor Finiem fear

Amber of Loxih n L

Fadde 5.5 5.5

Bedenduy A ]

Uwhing depth 11.0:8 LB COMSTRLCT
thale degts B 1L GLAR I
%imluililt: 17.m n.m

ookl Ehichreyy [F, ] wn

fllfed railug 1. 1.7 1- Finlon
Clewrarce 9.9 %

Frrimre amle .- i

it 10000 Lam ISCelx

ch eire | dlareter X .ol +Ex)

Mé cirele dlamater RI.EB 5|09 it
Aol cirgle dlascier .87 421075

Base cirgle dipmier 19 16 112,465

Faer uléth L8] .54
CGralre df3tame ]

menu (15}

.

meny (12)

BEAR CONSTRUCT [T

|- Pinlon

TYTE OF SERVICE

—

2- tedium Load and shock
1- Heawy Load and shock

ESCLxlt

meny {16}
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Wheel consbructlon (lyee and dlemnsion:)

Type of construclion wheel vilh fred, Ellinise-thoped
- Plich circle diameter of the wheel = 410.600 am
- Dlaweter of Lhe wheel shalt
- Darmeter af the wheel hub
- Dlameter of recesy

- Thickmesy of Lhe b

- Thickness of Lhe rim

- Mumber af arws

- Mujr axls of Lhe scetlon st the bub «
- Himor axis of Lhe texllan al the b =
- Mjpr axis ol the yeclion at Lhe ria =
- Hiror axis of Lhe seclion ot Lhe pim =

8

EMER-OEIBY

Press amy keu to contime

mand (17}

Sawve & Frint oulput data

1- Sauve design data

2= Feldt all deslin data
3- Print adil design data
4- Gear Drawing

5~ Retlurn Lo Lhe main menu

ESC=ExIt

ment (21}

lesign-according lo bendlng strength
and surface [ailure

Do you wanl te contimee 7{YM)

menyu {1a8)

Frinl oulput daia

1- [nput Dala

- Specificallons and Geometry

3- Kinemalics, Loads and Stresses
4- Pinion and Wheel Construclion

Press any Key 1o Contlme

Desiqn according to load carrying
capacily

menu {19)

Saoe 4 Print outpul data

I- Sawe decign datla
2= Print all design data

3- Print adf1 deslgn data

9- felurn to the main mem

ESC=Exit

menti {23}

Saue & Print culpul dala

1- Sawe design fata- .
2- Print all design dats
3- Print edIL desiqn data
4~ Gear Drauing

5~ Relurn tp the wain memm

ESC=Exit

menu (2a)

Plalon § wheel construcllon

- LIt Drawing
3- Plol Drawing
1~ LIst (.dwg) flie

ESC=Exil

menu (24}

Fig.(4) Tiffaranl manus of sollware for rin of 75 Ke, 1500 rpm power and

spasd [mapeciivaly.
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Input Data
= Power, Kw - 23
= lpgur spesd, rpm = 15QY
- Humper of pinicn teeth L1i]
-~ Gaar Tatlo - 4,00CG

- Qealgn according to "RGHA™

Output Dats

2~ Einematicy.

|- Specifications and Gaomatry
Loads and 3tresses
3} Gear Conatruction

t- SpecilicationT and Geomerry

Specifications & Geometry Pinlon Whesl
<{ Spur Gear >

- Materisl AISL 4340 KI3T 4240

- Humber of Le=th < an

= Addendum, mm 1.500 3.95700

= Dadendum. mm 4. 4435 A.453

- Working dapth, rm 11,000 11,000

- Whals depih. mra Ll.24] 11,9062

- Tookth Khlcknass. mm a.439 43y

- Face width, me B3.500 o ]

- Pitch clirele dyam.. mm 110,000 440, 400

= add. zircla dlam.. mm L2l o A91. 1)

- Reot 2iecla dlam.. mm 7 07l 427 271

- Bazs circie diem., mm L0466 413,443

= Profile corraction. mm - -

- Module om 31

- Cireular plieh. mm 17.279

- Bazx Circular pitch, mm 16,237

= Filler radiua, o 1.232

- Clearance. m q.p52

- Backliaxh, m L1971

- Centoct ratio 1.691

~ Gaar ratie 4.900

-~ Presaure angie n

- Warklng pressure angla R 1

- Cantra dietance, mm 273,040

- St. (ASA-81, 20° Full Depth Toobh Syarem

1- Kinematjcs-Loads srd Strassss
- Speed for plnlon & wheal, rpm = 1300 , 3723
~ Pitch Line veloclty, m/fdac - 9.453%9
- Tan., Rad, & Nor. load., N - 37898, lodd,  3Mm
- falc. moduls Aec. to L.L. 3.69 ¢ 3.3 Jafte
- Tang. load hcc. to L.E., ] = 13298
- Tarmg. load kee. to M.L.L.. N = 13727
- Dynamic load hce. to Backingham. W = 15871
= Limiting load for wear. L - 14763
- 1U.T.8. . N/em' (Ib/in* ) =L207 (1730001
- All., Tenslle atrength. Hime' [IbFin* ) =  403(38332)
= Rll. surface satrangth, M/rmt ([b7in*1 = 322146664)
= Cale. bendimg atrass hce, L.E . N/mm' = 4]
- Cale. . . ke, M.L.E. . H/omm' = 168
- Calc. cantact stress. Mimwe! = 192
_ v AGMA "¢
= Toolh Banding atress, 18.¥.1 Thrsin'= 11797
- .. . P 1E.¥, ) Ib/Int = 78)9
= Tooth—%urface Durability., {3.¥.} Ibfin"= 3ILip2
- e v v . {L.¥.} Ibfint= 125283
- v |80 v
- Taoth Banding atress. (5.7 N/mm" = Al
- .. . - (E.N. 1 W/om' - 14
= Teoth=3urtace Durshiliry. (5.¥.1 H/mm* = 27
- . . . . (E.¥.) Himm' = 132
-~ "% Bratzsh **
~ Tooth Bandirg slress. ' Ibsin' = 2098
= Tooth Zurfaca stressa (or wvear, Ibsin' = 299%
~ 8roring-crilsrion number - hLE]
- Flaah Temparatura, “F - 104.021

Table {3] specticalion and geomelry of pinian and wheel for
25 Kw, 1500 rpm pows: and spasd respectively.

Takle (4) uinematica, loads snd stresses of gearss for 15 Kw
and 1500 rpm power and spesd (especilvely,

20 Tull Drpin Taolh Sywiem
EINRFEFRY

Genr Conslruclon

e =N e

.__
e

AL Akl Radlus - 3 om
Trps of Gewr § Spur Guar |
Halarlel = AIS] 4340
Ml « &E mm

Ho of Tewin (3,05} = 40, B0
Seaia = 1 4

Fila Namw @ apuridwg

Fig.(5) Conslruclion drawing of pinion and whesal for 25 kw, 1500 rpm

powar and speed respeciively
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Input Data

- Design accaording Lo "AGMA™

- Power, Kw - 50

= Inpat speed, rpm - 000
= Humber of praion teeth - 20
~ Gaar ratio - 4,000

utput Cata

1— Specillicationa and Geometry
1- Kinaematics. Loads and Stresaes
- Gear Tongtruccion

2~ Kinemacica-Looda and Stressss

1- Sgaclficatlans and fGedmetry

Spacitications & Geomwiry Pinion Whani
£ Halical Geap 3

- Matgrial AISI 43an AISL 4340
~ Humber of *a=th 0 1]

= Yirtual rumbar af teath n 122

= Addandum = 5000 2. qun
~ Dadandum. mm 3.473 5.873
— Warking depth. mm 19.900 10000
~ Whale depth. mm 10.873 10.87%
= Normal tooth thick.. mm 7.834 7 834
— Trans. rtogth thick.. mm 9,049 2 e
= Face width, L 73 7l

= Pitch clrcle dlam..  mm 113,470 451,887
— Add. circle diam.. mm 113,479 471 "a)
~ Aoot  gircle dlam.. om 103.730 430 L10
— Baas circle diam.. mm 108431 4259 _Aod
— Proflle correction. mm - -

- Haor. & Tr. medula. o 1, 5.774

- Hor.. Tr. & hx. C.P..mm 18,708, 18,1239, 211 41§
~ Har Tr. & Ax. B.P..om 14.781, 15.711. 9. 521
= Fll1at radius, mm 1.17%

= Clearancs . mm 0.373

— Backlash. om 19713

- Contact rat:o 31.765

- sear ratla 4.000

- Pressure angla 0

- Trens. presaurs angl+ Fr A

~ Working pressure angle 20 -

- Helix angle o’

- fentre distangey, mn 188673

— €L. 1ASA-3). 20 Full Teprh Toofth System

b

~ Spaed far pinion & whasl, rom = 2000 I
Pitch line velocily, msdse = 12,092
Tan. & Aad. losds, N = 4138 1735
Ax. & Mor. |oads. H = 13a%. 3084
Calc. module Ace. to L.E. 3.13 ¢ 3 3afe
Tang. lgad kec. ka L.E., = (1244
Tang. load A¢e. to ML E.. L] = L4R41
Cynamic load Aec. to Packingham, N = 16444
Limiting load for wesr, ] CE-1.1.1:1}

[ I T O I I I I |

LRl

u.T.3.

H/eem' [[bfin' )

=129? (173000

AlL. Tansile strength, HAwmm' (1bsInt } «  402(39232)
All. surfaca strength, Hiwen? (Ibsin') = 32T(484846)
Calec. bendling stress dce, L.E.. HW/mw' » Ex]
Cale. .. . Ace. M.L.E. Nimow® = 182
Talg. cantact sgress. Wimm* - 3]
v RGMA tT
TooLlh Banding 3tress. t5.¥.) Ib/In*= 918

. v e - FE.V.} IbsIn'~ 7031
Toolh~Surface Durabilley, (5. V.1 In/In'= 32734

- i . . [E.V_ ) Ib/sin' - 32144
el g0 ee
Taath Bending strass, 15.¥.1 Himmt = a3

- o P IE. ¥ ) W/t = 28
Tooth=3uriacae Durabllity. (9 ¥ ) Hs/mm' = 32

.. .- . JLELVL) Nomw o= (£}
** British **
Tocth Bendling astreas, Ibsin' = 2019
Tooth Surféce streas fay wear, [bfin' = A810
Scoring-criterion number - §03
Flash Tempeérature. “F - 105 424

Tabia [5) spacilicalion and geomsbiy of pinion snd whasl for
50 Kw, 2000 rpm powsr and spaed respaciively.

Table (&} kinematice, loads and siresses of gearsel fof 50 Kw

and 2000 1pm power and spuad rospectively,

--.
LT

LHI M

TMLEL
A4 Fillal Radlua = ] om
Trpe of Gwir | Halicai Cear |

Malarinl = AR 42i0
Module = 5 mm
IT Full Degth Toolk Tystem :n:'..hr‘-. ‘{z.,:, P
okl Fue Hame . habicald=y

Fig.[8] Construction drawing of pinion and wheal for 50 kw, 2000 rpm
powar end speed respeclively
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Input Daca

-~ Pawar. Kw - 100
- Input spasd, rpm = 30no
-~ Number of pinlon teeth - 20
- Gear raciv = 4.000

- Deaign according to “AGMA™

Qutpuc Data

1- Spaclfications and GesomaLry
1- Kinamatica, Loads amd Stressen
3} Gear Canscruction

1= Kinematics-Loads and Strsopes

I- Jpeecifications and Seomacry

Fpacificarions & Gasamatry Finion Whe |
7 Dmuble Helical Gaar 2

= Marerial AIST 2244 AL3L 43an
- MHumbar af ELteth ag L1

= ¥irtual numbar of kessth 3 a2

- Addendum. mm 41,000 3.0010
- Dsdendum, o 7.8713 3.871
- Working dapth, mm 19.000 10,1001
= Whoils depth, mm 10.5879 10.97%
- Hormal tooth Lhick., mm 7.8%4 7 434
= Trans. tosath thick.., mm -] 2,508
= Face width, Lyl rt S k] ZX 3%
~ Pitch circle dlam.. mm 122,077 7 488,219
= Mid. <circle dAlam., mm 132.077 49d._ 710
- Root  cirtle dlam,, mm 110,327 474340
~ Base Zirsle dlam.. mm 111.561 445 247
- Proflle corractian, mm - -

- Her, & Tr. module, M a2, 4.1loq

= Mer., Tr. & Ax, C.P..mm 13.708. 19.174, 237.380
= Mor.. Tr. & Ax. B.P,.mm 14,761, 17.324. 13,709
= Fill=t radjus. mm 1.175

~ Clrarance. , ] n.871

- Bachlasm mn . 1973

- Contact ratie 3.824

- Gear ratlo 4.000

- Prasdurs angle 2n”

=~ Trans. pressur=s angls 30 3

- Warking pressure anglms {v R

=~ Helix angla s

- Cantr= digtance. mm 09,1449

~ gr. rASA-BL., 10" Full Dapth Toukh Systam

Tabls (7) spagilicalien and gacmauy of pinion and whesl lor
100 Kw, 3000 rpm powe: and speed respecilveiy.

- Spaed for pinfon & whe=|. rpm - 3000 . 730

~ Pitch llna velocity, m/sec = 19.174

-~ Tan., Rad. & Nor. joad, N =~ 3218, Jilg. &9
- Calc, module Ace. te L.LC. .71 < 3 Safw

- Tang. load Ace. to L.E.. N = 13I8

= Tang. load Acc. ta M.L.E. H = 193

= Dynamic |load Ace. to Bacnlnqham N = 6897

= Limiting Joad for wear, ‘M = 35047

- U.T.5. . Himm!' ([b/ind 1 =1207 (1730000
= kil. Tentila styangih. HWimm' ((D/IR' ) = A0T1IHIITY
~ All. surfacs strangth. H/mm® |lb/Ln' ) = AT 46858)
- Cale. banding wtrees hoc. L.E.. H/mmw = 40

- Cale. Ve . Aoe., M L.E..H/vw = 195

- Cale. contact utreas. H/mm' = 202

- = AGMA

- Teoth Bending strase, (5.4, [Biint= 7230

- {E.¥.) Ib/In'~ 10 1]

- T—:.oth-Surl’nca Durab:llil.‘{. 15.V. )1 [bsan! FLERL]

- ARy Ihsln'= I711)

- t' lqo -t

= Tooth Bandlng atraga, 15.¥.) Nimm® = a1

- . v .- . fE.V. ) Hfimt = 21

-~ Tomth-Surfacs Dursbilicy. 19.V | H/mm' = 197

- .- . e . [E.V.) N/mm' = 124

= ** 3ritisn **

= Tooth Bending =tress, tbsint = 1923

- Tooch Surface gtreass for wear, Ib/in® + Wag

= Sroring-criterion numbar - LU

—~ Flash Temperaturs, °F - 103 U35
Tabla (@) kinemallca, lcads and siresses of gearsel for 100 Kw

and J000 rpm power

and spoed respeciivaly.

2T Full Srplh Toaln Syelam
M (AJA-1}

Tare Corslro e

Materiml -
Woduby -

i [
1

Trps o Osar [Double baBeal Goar]

D antaey

B

ALY
THEES,
Radham = 3 mas

LR
" mm
LIy ~-m ., W

Flg.i?] Censtruclion drawing ol plnisn and wheel for 100 kw, 2000 rpm

power and speed respeciwaly
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Input Dala
= Powar, Mo - I3
= Tnput speed. t'pm = 1300
- Jsar ratio = 4,000

M. 50

— hctual center distance, mm 130
= Daxign accerding to “AGMA*
Qutput Data 1+ Yintmatica-loada ami Stresses

L— Specificaticns arel Gocmelry
i= Kinemalica. Loads and Stresses
}= Gaer Construction

1= Speclficatlans and Gaomebry

Spacifleationa & Geometry Pinien { wheel
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