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ABSTRACT
The aim of this paper is lo construct a software containing a complete design procedure and
delallad drawing for bevel gears (straight, skew, zerol and spiral). This software can be
executed on all the 1BM personal compuiers XT/AT or compatibles. The main elements of the
design in this program are: input dala, type of bevel gear, type and shape of gear tooth system
(IS0, US, BS. DIN and Gleason), module, virtual number of 1eeth, minimum number of teeth
to avold Interferénce, tooth profile maodificallon, shaft angie, ¢onfact tatio, face width, spiral
angle, force analysls, slidlng veloclty and elficlency, materlal, equations for bending strength
{Modifled Lewis, Buckingham, AGMA and Gleason) and surface durabiity, aisc load carrying
capacity for bending sirength and surface durability using 1SO. AGMA, Gizason and BS
equalions with constant or variable looth load. Many equations and practical formulae are

selected for making the gear construction (integar gear, solld gear, gear with web, gear wilh
web and hoies, gear whth arms and composite gear).

With running the software, full specifications, geometry, kinematics, loads, stresses and detalled
drawing of the gears are obtained according (o the input data. Diterent examples are selected
1o show the varnely of ihe outpur date and the strength of the solftware. Also these runs show
the save In time and accuracy of the results
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NOMENCLATURE
English letters
A mean cong distance, mm Ao outer cone distance, mm
CR contact ralio Ch coeliicient for elaslic propertles
Ce surface conditlon factor of the materials used
Cu hardness-ralio factor Cn K l0ad distribution faclor
CLK, llfe tacior Co.Ko overload factor
CrXp reliability factor Cq.Ks slze factor
C1.X7r temperature factor C..K, dynamic factor
d, diz plich diameter, mm d,,, virtual pilch diametar, mm
E,2» modulus of elasticity, N/mm? e raeasured efror in action
face width, mm l durability geometry factor
J geometry lacior Ka application factor
Kp pltch factor =p%8 K,  culter radius factor
m module, mm m,  prolile contact ratio
myz  elfective mass , slugs mg face contact iatio
mg.  gear ratlo p clrcular plich, mm
Pq diametral pitch Pa normal diametrai pitch
. T2 pieh circle radius, mm To edge radius, mm
T flash temperatura, °F To blank temperature, bl
v tangaential velocity, mifsec  vg slicing wvelocity, mt/sac
Wa aceceleration {oad, N Wy dynamic load, N
Wy average force required lo accelerate W, forcae raquired to delorm the lesth
the masses through amount of efiective error
Xy speed factor for strength X, X 2 toolh cosrection factor
Xe speed factor for wear Y form factor
Ziz2 number of teeth Zy1 2 vinual number of teeth
Z zone factor Zmint,2 Minimum number of teeth
Greek leitors
Ta  pressure angle, dag 8 spiral angle, deg
By pitch angle, deq z shaft angle, deg
4 lactor oaq  allowabie design slress, N/mm?
“ coefficient of friction ap.oy  bending stress, Nfmm? or psi
o“, working siress, Nimm? or psi py 2 tooth radius of curvature, mm
contact siress, N/mm? or psi

Subscnp!s 1.2 = pinlon and whesl respactively

INTRODUCTION

Bevel gears are the most efficient means of transmitting rolaliun beiween the intersecling
shaits. Power requirements may be In the thousands of horsepower and In aircraft they have
been successiully operated at very hlgh plichline spesds fabout 25000 fpm). According lo the
power iransmition, speed of rotatlon, speed ratio, available space, material to be used and the
angle between the twa shafts, there are different types of bevel gears are to be used as:
siralght, skew, zerol and spiral teeth bevel gears. Also Palioid, Oerlikon and kuwax topth
system of bevel gears are 10 be used.

The maost Important stresses which should ba considered for the bevel gear design are:

a- Stresses due to the bending of the tooth.

b- Stresses created by contact pressure, generally known as Hertz stresses, Besides, gear
tailure by wear, piting and scorlng are also considered.

Bevel gears are more difficult to design, drawing, manufacturing and assembly than that of

spur and helical gears They require special tools and rrachines to cut the teeth. Also cone

apices must be brought into coincidence very carefully. Since the shafts intersect, one of the

mating gears has to be maunted on the overhanging part of the shaft. Because of this 1he

load Is nonunilormly distribuled over the face width, and the axlal forces developed as the

gears slide Into mesh call for elaborale bearing assemblies.

Due to the abave problems, the precise computalion of the bavel gear capacity s an extremely
difficult process, lLe. gear deslgn Is 8 complex and time-consuming task which must satisfy
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numerous design constraints. It is deslrable to use CAD techniques to accomglish lhis lask.
Many investlgators {1-8] have attempis for the gear tooth design using the computer. Ef-Bahloul
[7] construct a software conlaining a complete design procedure and detailed drawing for spur.
helical and double helical gears, lhis software can be executed on all the I1BM personal
computers XT/AT or compatibles To the aulhor's knowledge thers is no complete work Lhal
has been done on the bevel gear design using CAD technique.

The aim of this work is to construct a soflware comaining complele specificalions. geomelry,
kinsmatles, foads, efflclency, stresses and delalled drawing of the different types of bevel gears.
The future steps {under preparation) are to construct softwares for worm and worm wheel,
hypoid gears, and gears of circular-arc tooth-profile.

DESIGN APPROACH

1- Clagsiflcations of Bevel Gears :

Bevel gears can be classilled according to 1ypes, shape of cone and pitch cone angle as
follow :-

a- Types of bevel gears; There ara four basic types of bevel gears, stralght, skew. spiral and
zerol bevels as shown in Fig.(1). Stralght bevels are the gidest, the simplest, and still the mos!
widely used. Teelh zre straight and tapcred and if extended In ward, would intersect the gear
axls. Skew bevel gears "hefical bevel gears” have teeth that are straighl and obilque or in other
words, hat are tangent to an imaginary circle and make an angle with the cone element. The
localized-tooth design tolerates small amounts of misalignment In the assembly of the gears
and some displacement of the gears under load withoul goncentrating the tooth contact al lhe
ends of the tasth. As a resuil these gears are capable of transmitting heavier fcads than the
old-style siraight bevel gears under the same conditions.

Spiral bevel gears have curved oblique teeth which contact sach ather gradually and smoothly
from one end to the other. Well- designad spiral bevels have two or more teeth in contact at
all times, Spiral bevel gears are used for high speeds (up to 11 ms™' wilh the teeth unground
and up 10 35 ms™' with thalr teath ground or > 1000 rpm), also hava the lollowing advaniages;
greater contact ratio, meshing action s gradual and progressive over the whole lengih of Lhe
gear teeth, noise level 1s conslderably small, the flank and the root strengths of testh are
grealer, the minimum number of treth 1o avold undercultlng ls reduced, higher lransmission
ratio is achievable, spiral hevel gears have greater load carrying capacity.

Also other different types of spiral bevel gears are used as follow, palloid type with involule
looth trace developed by a German manufacturer, Klingsinberg. The hslght of tooth remains
nearly constant along the toath width,

Eloid gears have eplcyctoids or hypocycloids as spirals develo;)ed by Swiss manufacturer,
Oeriikon, the height of tooth Is constani

Kurvex toolhed gears have leelh which are curved in the form of circular arc and the toolh
height remains constant along the length ol the teeth.

Zerol bevel gears, have curved teelh similar to those of the spiral bevels hut with zero spiral
angle at the midale of Lhe face width and ilitte end thrust. Zerol bevels are widely employed
in the aircraft industry, where ground-tooth precision gears are generally required. Aiso used
mostly in high-pracision instruments whare it Is olten necessary to have almost zero backlash,

b- Shape of Come; Shapes ol bevel gear cones are divided into three types, shown in Flg.(2).
Type {1}, the apices of the pitch and dedendum cones colncide, and the dedendum is
proponional to the cone distance. This s the main tooth form in straight and skew bevel gears.
It is alse used in spiral bevel gears when Zg=20 to 100. Type (2), the aplces of the pitch
and dedendum cones do not coincide. The widlh of tha bottom fand is constant and the
clrcutar thickness of the teeth increases in proportion 10 the cone distance and used for spiral
bevel gears. Type (3). the generators of the pitch, dedendum, and addendum conss are
parallel. This kind of toolb linds appllcation in spiral bavel gears when Zz z 40.

C- Plich cone angfe; Fig.{}} shows tha hevel gears arrangements, according to the angle
belween lhe driving and driven shafts and gear ralio.

2- Types of Gear Tooth systems :
Tha referance profiles of the tooth Sbaaic racks) of 1SC. US st., Gleason system, BS and DIN
(8-19]) are shown In table (1). 20° pressure angle is the most used in bevel gears. This

16
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alleviates the interference and under cutling problem and gives a stronger root section. Also
14.5%, 15°, 18°% 22.5° and 25° pressure angle !s used in some cases. Minimum pressure angle
giva a blger minimum number of teeth to avoid interference. In all cases, full depth teeth are
used. Stub teeth are avoided because of the reductlon In contact rallo, which may increase
noise and the reduction In wear tesistance. Table (2) shows the amount of gear addendum
recommended for bevel gears [16].

3- Virtual Number of Teeth :
The vinual pitch dlameters are the dlameters of the pitch circles on the developed back cones
as,

dv1 z=d1.239091 2 N (1)

The circular pitch round the developed pitch circle is the same as that round the aclual pitch
circle. and the numbers of taeth round the developed back cones, when compieted are the
"virual numbers of leeth” given by;

Z‘, =Z, 256'091 2 For siraicht, and zerol bevel gears, and, {2)
iz . .
2\,‘2=Z125F—'0‘91,235‘°3}3 For spirai bavei gears. {3)
Cas. Standaids Goear a® | hym | haoim | ha/m | bgim hs/m nim hfm | lzfm | 4
type max max max
130 18:5037-1976 | Straight | 29 100 | 1.20 EQ.DD 2.20 0.20 33 0.02 | D.80 | pr2
§ 1 1 J
AGMA 208,02 | Straight | 20 1.00 | 1,198 +a| 2.00 | 2.188+c | 0.188+a | ;
Us | AMA 209.02 | Seiral | 20 | 070 | 1.00 1.7Q | 1.888 0.188
20
AGMA 202.02 Zarol 225 [ 1.00 | 1.188+2| 2.00 | 2,188 +¢ | 0.188+a
L 25 . -
Straight | 20 1.00 |1.188+b | 2.00 2188+ b (0. 188 +Db
20
1 7 1, 1.7 1. 1
Gicoson Byst. Spira{ '8 0.70 00 o a8s 0.188
20
Zerg! { 225 | V.00 |1.180+b | 2.00 |2.188+ D |0.18B+b |
N 25 | ]
BS BSS 545/1949 | Straight | 20 1.00 | 1.25 200 | 2.25 0.25 0.257 max | 0.013 | 0.628
1 0.191 min I
oI DIN 867 StraightJ 20 | 1.00 | 1.0:1.3 | 200 | 2123 | 0.1:03 | ]
|

Table {1} Relerence profiles (basic racks) of 5. USA. Britsh, DIM slandards and Gleason syst, ab & ¢ constants

Gaar type Matric English
traigh A60m 540 0.450
SO | oy, 9450 | 0340, 048

or Zerol u? Py pymé

....... T

Spiral 0.540my & Py Pdrné

0.350m | 0.540 0.390
rd
u

1 Table {2} Gear sddendum for bevel gears
4- Mirimum MHumber of Teeth lo Avoid Interference :
Minimum number of leelth required of tha pinion to avoid interference "under culting' is a
lunction of the pressure angle, plich cone angle, spiral angle, tooth profile modification and
gear reduction ratio according to the lollowing equations

Zminj-"-'zmm cos, =(2J’sin2a)cosﬂ1 For straight. and zerol bevel gears. and, {4}

Zm,n,=2mincos’?,cosaﬁ=f2ls:'nzajcosﬁlcossﬂ For spiral bevel gears {5}
By trigonometrical transposition and allowing a marginal amount of undercutting as in lhe case
of spur gears,
zm‘-"‘=i4009’1’1 For sttaigi! and zecol bevel gears, and, {6)
. zm;n‘=1dcosﬂ-‘c033ﬂ For spiral bavel gaars {7)
Table (3) gives the minimum numbers ol teeth in the pinion and wheel for dilferent types of
bevel gears at different gear ratios and pressure angles according to [8-19].



Mansoura fingineering Joumal (AME}) Vol. 18 No. 2 June, 1993. M.18

5- Toolth Prolile Moditication

Tooth profle modHication Is carried out 10 aveld undercutting, changing pitch cone angles

(shaft angle). increasing lthe strength at the rool and Nank of the toolh, also beltermen: of

sliding and contact relailons. Tha amount of corroctlon s,

xy={14-Z56ch,)f 17 and xo= (14—Z,5eCHy}f 17  For siaighl. and zerol Level gears, and (8}

xq=(14~2,sacd sec f)f 17 and x5= (14-Z,56ch,5e>f)f 17 For splcal bevel gears (9)
2139631 + Zzsecﬂz = szm

Tooth thickness at the tip circle = 0.26m

Another technigue (8 and 10] flor determining Ihe toolh prolile modificalion for straighl, zerol
and spiral bevel gears is given as;

x=0.5(1-2, /2, ) (10)
x fs not less than 0.02830-7, ) 07 Xpin={1-Z2,/20) and
X, = —x2 (1 1)
The condition zv‘+z\,2< 60 is unlikely 10 occur,
Tyge of bevel gear ( Type of bevel gear
a® Straight looth Spiral woth Zerol Wooth | o Steaight tooth Spiral tooln Zarol ?)oih
Pinlon lT"her:l Pinion 1 Wheel | Pinlon I‘WE Pinion | Wheel | Pinion | Wheel | Pinlon | Whesi
145 | 29 + 29 | 25 | 28 20 | 16 | 17 17 | 7 | 17
29 29 27 29 15 17 16 18 i6 2Q
27 3 26 30 14 20 i5 19 15 25
26 35 25 32 13 30 14 20
23 10 24 23 Mot used i3 22
24 57 23 36 i2 26
22 40
2t 42
20 50 .
19 o | ) |
15 24 24 225 13 13 15 18 14 14
22 25 16 19 13 (13
22 26 15 15
21 27 15 24
Not used 29 29 Not usad 14 14
19 a ) 13 15 |
H 36 25 12 12 13 13 13 ]
17 45 13 14
i 53 | ' 12 P2

Table (3] Minirnum nurnber of leath in pinian and gear
8 Contact Ratlo :
Contact ratio for straight and zerol bevel gears Is a prolile contact ratio and equal 1o the length
ol acton in normal secton divided by the normal base pitch, this value must be greater than
ong,
For spiral bevel gears, due to the spiral angle contact ratio bs divided Into two components,
face conlacl rallo and profile {transverse) contact ralio as {ollow;

CR:.E?F +.'1frp2 {13)

szg’(Kzranﬁ~—aitan3ﬂ)AoPd} . K2=Ai[(2—FIA°J)2{1—F!A°)}, and
1]

mp=h , Z' = Apy + B0y . Bp = Jrg —fp ~IySine
A
fg =fa*@ , M =1oCO8 . dno= coszﬁ =(dr‘{2cos&coszﬁ)} -
" a
g=a,-0.5Fan . A=A -0.5F

p'=p,.)‘{cosa(coszﬁ + tand)] . Pa=(nAlAPycash
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7- Face width : -

The face width of bevel gears is limiled by corsiderations of boih tooth strength and 1ooling.

The greater the face width, the smaller is the pitch of the small end of the tooth. Since

deflecllon of tha shafts, mounlings, or bearings will occur and will allow the tooth contact to

shift to the small' ends of the teeth, the minimum size of the teeth at the small end must be

sufilclent to withstand the loads Imposed. In addition, the space width at the roots of the teelh

at the small end and Ihe large end must he such thal the cutier widih required o clear ihe

small end Is not sc narrow as Lo leave a “llange” at the large end of tooth space. Due to

these dilficultles the following empirical values are to be used:

For straight hevel gears F < A./3 or 10/Pa using the smaliest value.

For spiral bevel gears F = N3Ae or = !0/Pg using the smallest value.

For zerol bevel gears F = N25A¢ or = 10/Pg maximum use whichever value is smaller,

Well-proportionad beveal gears have a face widlh from  6/Pg to 10/Pa but never exceeding Ao/3.

On duplex zerol bevel gears 1" is ithe maximum face width In all cases.

8- Spiral angle :

The spiral angle 8 Is usually specifisd at a pilch poinl P located at the middle of the face at

a mean cone distance A. The spiral ar:gIL is different al differant cone distances; at a general

coneg distance A' the spiral angle £ is given by lhe following formula:

2 .2

B ). 2 = (28, = Flising (14)
<

Though the spiral angle varigs according 1o design consigderations, fis usual value is 35°. When

other design factors permit, the spiral angle should be so selacted thal a face contact ratio

of at teast 1.25 is assured. Maximum smoothness ol drive, however, is attained when the face

contact ratle is behveen 1.5 and 2. If smaller spiral angles are used undercul may gccur and

the contact ratllo may be less.

siaf’ =£-{ sinfl+
A

9- Force anslysis :

The mean normal tooth force Fn acts on the pitch point P al the middle of the tooth width is
resolved inte three mutually perpendicular componenis as follows :

- For straigh: or zerol bevel! gears:

Tangentlal force Ft‘=Ft?—.F1=.'-',,ccus4:~r=ﬂ"|-ﬂ1‘1.1’r,."I . M,=9850HP/n, {15)
Radial force Fi =Flarccosd, . F, =Flanacos, {18)
Axial force Fa’:Ft(ams:‘nSl . Fa =Flanxsing, f17)
- For spiral bevel! gears:
Tangential force F, 'th*"l=M Ien, . M, =(0550HPn JK {18)
The axial force Fa and the radial Torce Fr are given In labla (4)
Finlon Forca
on Axlal lorce Radial force
rand o! spiral Cir of rotation
[ Aigm Clockwizs Pinion = (Fy/cosfi)tanasingy —sindcosd) | Fe={Fi/cosd)(tanacosd: + sinflsings)
Right Caunterciockwise Fs = (Fcosti(tanasingd +sinfecosdy) | Fe= (F/ecosf)(lanacosd, —sindsindy)
Let Caunterciockwisa Whael Fy = (Fiicosf)(tanasing; + sinfcosdz) | Fr= (Fcosp)(lanacostz —sinfsinga)
Leit clockwise Fa = (Ficos T lanasindz —singeosfz) | Fi = (Fi/cosf)(lanacosds + sinfising)

Table {4) Axal and rachal lorces acting on spiral bevel gears,
10- Sliding velocity and efflclency :
The sliding velocity of a bevel gears at a distance § Iram the pitch point is approximately:
Ve = S(or? +wed+ 2w wqc0sT)(sin’a + cos’f cos’a)®® For spirsl bovel geac  (19)
In the case of right-angle bevel gear drives, Z=90° and

= wa,cosﬂ,+wzcosﬁzjfs!n2a + cosaﬂ c:osaoz)"r""5 20}
For siraight and zerol bevel gears =0 , in equations {19 and 20).
Elficiency of the beve! gear drives ls very important in the applications whera large amounts
of power are baing transmitted. Efficiency is calculated from tha following equations (8]
2 g2
7 =100 = 50u[(cosh, -+ COSQQHCO'S!X](—;—J_}-_;—] For straight and zarol bevel gases, and {21}
3500
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e 2 .
=100 — 50uicosd, +60892)(T'f_+_ﬁ—) {cos“Bicosa) Far spical bevel gears {22}
] t

f___| i

H,-_—(mGH)[}/(ri;)a—cosza-sina] . and H:=( { )—cos cx—sma]

Anothaer equatlons are used for caiculatlng the etiiciency [12]

g=1— Fu[{cosfiZ,}+(coshalZ,)] For stralght and zosol bewal gears, and (2:?)
ge=l- (U,BF;ccosﬁ][(cosﬂ,cos‘pfz,)+(c0392cusjﬁ!22]} For spirai bevol gears {24)
11- Design of Bevel Gear Tooth According to Bending Strength Failure ;
Bevel gear tooth deslgn according to bending strength is divided into two ilems, first, slalic
fallure due to bending siress and the second, fatigue failure due 1o bending stress. To cover
these ltems, many techniquas are used as follows, modlliad Lewls equation, Gleasen technigue,
AGMA equation and Buckingham equation.
- Modified Lewls Equation:
The load acting on a bevel gear tooth varies Iinearly along tha face of the (ooth. Tooth
thickness also varles linearly along the face of the gear. Thus,

Fy = oy FYm{1—FIA,) or o =FJFYm{1-FIAY) (25)

- The basic equatlon for the bending stress in a bevel gear is given as lollew according to
Gleason [14]

&) =F KPR K G FIK,) . o, =0, KKK {26)
- AGMA equalion for bending stress:

oy =F KPR Knd (K FAD . Tag =T AUKHKR {27}
- Buckingham Equation, Wy=F,+vW_ (2ZW,- Wy f28)

W, = (w1 wz;m’w + W)

W,—{m —'—m )I{H.’vJ-!-f}”r 2)}V2 Wa= E:-(V‘E_Fi-m t For suaight snd rerol bevel gears

F.e 24,
W= (m +m )I(T(r )+(TJ’-" J}Vzcos . Wo= ——_-_CCZ(V‘E e 08+ Fy For splial bevel gear

C(=0.00088 For 14.5° gears ., 0.0012 For 20° gears

C2=9.345 For 14 5° gears , 9.000 For 20° Full-depth gears , 8.7 For 20° stub gears
12- Design of Bevel Gear Toolh According to Surface Failure :
Design of bevel gear tooth according 1o surface failure is done using the following equations:-
- Conlact stress, The Hertzian contact stress for bevel gears /s glven by the equation

oy =CovFi/(CFd) {29)
- Limiting load lor wear :
Fw=0.75d\,‘FKO For straight and zerol bevel gears {30
Fw=0,?&'fvlFKOicoszﬂ For spiral bevel gear £31)
Q=2(Zy/cosf}if{Z,/cosh,) + (2 /cosh,)}
0y =(dy—Fsind,}coss, . K =o?sinaf(1/E) + (HEH} 1.4
- AGMA wesar equation :
0 =ChlF\CoCCrnCel (C,0FNI®? Cp={1.510c(1- v HEy +(1- 1,"WE,)1% (32)
U 2 0, [0 CCyCR) f33)

- Glesson (Pliting Formula) :
2M'|Co 1 CsCme 0.5 My Va

a. =C —_— , { = SA,cosacostf{Fd,Cm,)  (34)
¢ ol c, Fdzl 7 A, ¢ s 154

- Flash Temperatura :
Te= Tg + & Tom To +{w/2) Poy wv diCilvsthy) " + Cotvaiiy)' ) (35)

#o= KilogKolvevk 5, FR}
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- Scoring !ndex :
rFfF)a 75 (n )0 .5 (mjo .25 {36}

13- Design of Bevel Gear According to Load Carmrying Capacity

After the bavel gear-taoth data have been caiculated, it I3 necessary lo calculate the capacity
of the gearset. Since the design started from an estimale, it may be that the first design which
is worked out In detail Is too small or too large. Once all the gear-looth data have baen
calculated, it is possible to use design lormulae to determing a rated capacily of the gearsel
This rated capacily should be larger than the actual load which will be applled to the gearset.
Comglete form of AGMA, 1SO [16], BS (8] and Gleason [14] bevel gear rating formulae for
bending strength, surface durability and power are used and given as follows :

- Strength formuia :

g =K.U.Ky (37)
U = (thFcosﬁ}d (A —AEISF) . K, = casp | J . K= (K K KUK,

- Durability formula:
0e=Cy(K.Ci)** (38)
Ci = Cplmg(1+mg)(®?, K = Fimg+(Fdmg) ., Cg= C,Cn.CJC,

The horsapower rating according to AGMA for bending strength at peak load of siraight, zerol
and splral bevel gears Is given, by

HP = a4, [(787d | FY(A, — 0.5)/1 26000P A, (78+ vT)] {39)
The rated power of a bevel gears according to Gleason is given by:
HP = aq (7, FIK)(1268,050P K 3] s HPb-_-HP[KLK\,!(KOKTKRKm)] {40)

The maximum afiowable transmitted horsepower based on wear according to AGMA is given
as follow {18):

n1F|"CV d| CLCH 2
Pac=—— (caﬂ (4 1)
1280000, C.C,C, C, Tln CR
Horsepower rating according to AGMA for surface durability is given by the equations
HF':O,BCmCBF For swaighl and zerol beve! gears (42)
di°n,
HP=CCgF , Cr=—=x 533 —(1.4— 1400) For spiral bavel gears {43)

- British standard rating formuiae:

The permissible tangential load, calculated as acling at lhe pitch circle, at normal rating is
given by:

-Straight and zero! bevel gears !

. X Y.F A —F

Fi =0he T iP( A For strenglh {44)

, X, zF A —F .

F Zac°1.47,Kp(ﬁAo ) For wear . {45)

-Spirai bevel gears :

. X, Y.F 2

Fl =oy, —( }{Hsec B For stranglh {46)
1.1P(1 -—F) Ao

- X, z'F rAO—F) o7)

=G Far wear

t co] " A— mF Ao

LN )

The corresponding horse- power in each case is chtained by mulliplying the above equalions
by Z.n{126000P.

- Variable Loading:

Ii duration time other than 12 hours per day, torque and speed are constant, but the gear
rung for U hours per day, the normal rating of the gears is adjusted to the value
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Normz2! rating = actual foad x K, {48}
According to B.S. 545 - 1948 , K, ,="VUiz (49)

{1 the 1orque andfor speed are variable according to a known daily load-cycie which can be
expressed as

Ui hours at the maximum torque My and speed mi. Uz hours at a jorque Mz a'nd fspeed 2,
U3 hours at & lorque M and speed na,  etc., the equivalent running time U, is given by .

U= +Us{h Y(Myt )P+ Ug(ngn JMghs )3+ oo (50)
This equalion is applied In wear. For sirength, the index 3 is replaced by 7. In order lo
determine the equivalent normal ratling, the value of Use is substituted in lhe appropriata
expression (49) above and equivalent runnlng tlme facior '8 then applled in axpression (48}
Alsc another equation is used according to Gleason [14]

Ue.=50LH[KH11.+Kz”m?(Mz’MJs‘ﬁa""ffa”i,("“"a’m.)s'sa"]' ............. Fag (Mata )09 (51)
Uy, =Up (0¢h,) (52)

14- Gear Caonstruction

Gear consiruction depends upon the slze, materlal, stress analysis. method and accuracy of
manufacturing, 1ype of application, operational parameters. type and lechnique of heat
treatmenl and cost. Dilferent types of bevel gear constructions are shown In Fig{5) [20-25].
More informations azbout the design calculations of the gear blanks are given in {7].

FLOW CHART AND COMPUTER PROGRAM

Construclion of the softwars containing design and drawing of siralght, skew, zerol and spiral

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

reguirements are divided and speclfied [nto the following:

{- Experignce and pxpertise of the user Is nol efficlent, and the available data are not enocugh.
For example. avallable data are trgensmiited powaer, Input and output speeds Complete
caiculations, selactions and chacks are done for running the program automatically without
Intgriace with the software to obtain the safe design and drawing ol (he gears according to
the flow chart shown In Flg(8). .

2. Experlence and experilse of the user is eficient. some llems are selected or assumed such

as module and/or malerial, type of gear and spiral angie. This facility gives minimum running

time of the program and minlmum caost for the design.

Improving the design and performance of Ihe beve! gear in service or old design by feeding

the software with some Informatlon. The program calculates the new required dimensions.

specifications and new drawings.

4- Obtaining specificatlons dimensions and drawings to manulaciure a new bevel gear instead
of ari old one broken In service.

The program is written in Turbo Basle Language [28). The cempiler of the program with Turbo

Basic gives an execulahle fila to run on the Dos prompl. The program has creaied and

constructed automalically two files which include all information on designing and drawing the

gear. Types ot these files are the DXF file and SCR file. The DXF and SCR files format are
famitiar with AutoCAD program [27,28]. By the (DXFin) command, the drawing can be
generated on the scresn.

This soflware can bae executed on all the IBM personal computers XT/AT or compatibles wilh

§40 K3 RaM, Math. Co-processor and 10 MB hard disk

Fig(7} shows the diffarent menus of the soltware. For example mput power =25 Kw, Input speed

750 rpm, gear ralio 2 and shaft angle 90°.

COMPUTATIONAL RESULTS AND DISCUSSION:
Complete cutput of any run ls divided into three ltems:

1. Speciflcations and geomelry,

2. Kinemaltics, loads and stresses,

3. Pinion and wheel constructlons wadith the required partial views.

L]
1

The specilications, geometry, kinematics, loads, siresses. pinfon and wheel constructions of
25Kw and 750 rpm, 2 gear ratio and 90° shaft angie input data are shown in table {5.6) and
Fig.(8). those of 30 Kw., 800 rpm, 3 gear ratic and 30° shaft angle input dala are shown In
table {7.8) and Fig.{9). and those of 00 Kw, 3000 rpm, 4 gear ratio and 90° shaht angle input

.22

¢
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data are shown In table (9,10} and Flg.{10). Table (11.12) and Fig.{11) show tha outpul resuits
of 100 Kw, 3000 rpm, 3 gear rallo and 120° shaft angle input data. From these iables and
fligures, It Is clear that the varlety of the output results according to the Input dafa. Straight
bevel gears are glven for the smailesl power. For increasing power and speed skew bavel
gears are shown. For more increasing power and speed spiral bevel gears are shown with the
same module and materials for all cases.

CONCLUSION

Il is possible to construct a software containing a complele design and make a detailed
drawing of straight, skew, zerol and spiral bevel gears. This software can be executed on ali
the !BM perscnal computers XT/AT or compatibles. A complete deslgn and a detaded drawing
of the bevel gear can be obtained according to the ingut power and speed, generally speaking,
or entering some information lo gel a special design of the bevel gsar such as dimensions,
material, manufacturing process and haat treatment. They can also be used lor redesign the
gear 10 improve s perdormance or life.

By using this software, the results show thal:

1- Obtaining a remarkably high degree of accuracy In the calculated dimensicns and drawlng.

2- Sale design is obtalned for all polrt of viaw dus to uslng muiti equations and diflerent
techniques for checking all deslgn procedures.

3- Overcoming the problems of experience and experise for the designers.

4- Saving time.

5- Minlmum cost of the deslign,
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