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- Development of a S/W calculating design parameters

automatically for bevel gears -
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Abstract

Bevel gears are suitable for transmitting power between shafts at practically any angle
or speed. However, the particular type of gear best suited for a specific application is
depends upon the mountings, available space, and operating conditions. Therefore it is
important in any general design imploying gears to first make a study of all the conditions
under which the gear must operate.

Presented in this paper is a S/W calculating design parameters automatically for bevel
gears. This S/W provides the Standards for the design of straight bevel, zerol bevel, spiral
bevel and hypoid gears. Topics include preliminary design parameters, blank design
including standard taper, uniform depth, duplex taper and tilted root so that Gleason,
Klingelnberg and Oerlikon machine tools are covered.
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A Back Angle H Face Angle P Pitch Angle
B Back Cone | Face Width Q Pitch Cone Apex
C Back Cone Distance J Front Angle R Pitch Cone Apex to Crown
D Ciearance K Mean Gone Distance 8§ Pitch Diameter
E Crown Point L Midface T Root Angla
F Crown to Back M  Mounting Distance U Shaft Angle
G Dedendum Angle N Outer Cone Distance V Transverse Pitch Radius
O Outside Diameter
BACKLASH
WORKING
CHORDAL
ADDENDUM
i PITCH
CIRCULAR
THICKNESS \ CIRCLE
CLEARANCE
cmﬁ_uum
piTCH CHORDAL
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STRAIGHT

(1) Zoldl wg Al

contact ratio( mp)

top= tp——2r — B
15. Outer chordal PP e 22
thickness{ ¢, i) 3
C t(:G - tG tG - ‘Bi
6 D¢ 2
16. Outer chordal 2
ap= apt+ tp cosy
addendum oP id
(aer, ag tet cosI
ac= a,gt+ ¢ 4D
_Zn
mp= Pz
17. Transverse Zn=2p +2;

Zp =Y Yo'+ 7s'— Rysing
Ze =V Ra*+ RuP— Rysing

I Gear ratio( mg) me= %
2. Pitch diameter 7 N
d= - D=-55
d, D) Py Pd
3. Circular pitch( P) __axd
T on
4. Outer con distance
_0.5D
(A, Ao="Gil
5.Mean cone distance A A —Q.5F
(A,) mo e
6.Meanworking depth = k(A v
(h) B Pd( Ao )Cos
7.Mean whole depth
hw=h+c
(h,,)
8.Outerworking depth
hkz aaP+ a.c
(hy)
9.Mean addendum
ap':h"‘ac ac= Clh
( ap , dc)
10.Mean dedendum
{ bP . bG) bpz h,,,—ap bc= hm‘_ ag

11.0uter addendum

(aop , ﬂoG)

Qop= ap+0.5Ftan85
ac=ag+ OSFtanSP

12. Outer dedendum
(bop » bog)

bp=bp+0.5Ftandp
boG= bG+ O.SFtané‘G

13.Pitchapex to crown
(x,, X,

x,=A,+ cosy—a,psiny

X,=A;sinl'— a,csinl”

A
18.‘ F(ace ;:ontact mp= —Z"- (ﬂ;n_@'_)
s
retot me A=A,~0.5F
19. Modified contact 5 5
ratio( m,) m, =V mp+ mp
_ _rsin
er cos Zwb
po= Rsing
20. Mean normal cos zq’b
profile radius of A d
r=( A ) 2cos
curvature( gp , pg) 0 Y
_(_A D
k= ( Ao ) ScosT
¥,= cos “teosg¥ cos¢? + tan¢2J
o= (bp— 7TP)2 v
21. Tooth fillet radius | " F~ ry+bp—7gp 1F
at root circle o (bo— rr0)? .
(Vﬂ’, 7"/C;) e RN+bg-TTG G
——r I 4
N cos ¥ ° Ry cos &*

14. Outer circular
thickness

s

Py

te= 123 (@op— agc)tan é —

22. Outside diameter
(d,, D)

d,= d+2a,pcos 7,
D,= D+2a,cosI”

is.Outef ;:hordal
@ckness

p
=l F

B
2

23. Face angle
di§tance( Lpp , LFG)

L pp=0.5d,co87,+ L,psiny,
L=0.5D,cosl,+ L,csinl’,

24. Back angle

distance ( Lps , Lpg

_ 0.5d, 0.5D,

BG™

Lpp=—"">, —
BP™ giny, sinl,
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25. Clearance ( ©)

c= kzh

26. Backlash ( B)

AGMA Quality NO, ) ol&f Z2A

27. Mounting md=x,+ L.p
distance( md, MD) |MD=X,+ L.
28. Mean circular p =_7I_(A'n)
pitch( P,,) T P,\ A,
29. Mean diametral P P A,
pitch( Pg,) e "(Am)
dp= 2

30. Mean pitch " P
diameter ( d,, D) D= N

i Pdm

31. Mean normal
circular
thickness( ¢,, T,)

t,=P,cos¥-T,
hycos ¥
T,=(0.5Pucos ¥ — (ap~ ac)lan¢+~%

ky=—0.088+0.092mc— 0.004m5

+0.0016(n — 30)(me—1)

3. Dedendum angle
(8p, 6¢)

~Standard

— bP
8p=tan( Auc)
8c=36,—6p
23, an 1) )
~Uniform
6})“60:
28, =
-Duplex
3P—260(£h£)
SG——:ZaD 8}’7

=y %00
xap—( p_dA,,Gtan¢C05¢)

A, csing
(1- A=)
~TRL
3P=281(gh£)

261':25[) or 1.3265

(5 #e =)

8(;= 261-'— 6P

4. Root angle yr=7—90p

{rr, TR I'r=TI—d¢
5 F 1

ace angle yom 7+ 66’ I"G _ I"+ 6\P

(v,, I')
6. Back angle( ba, ba=7
BA) BA=TI

A
s A
32. Mean normal z.,=z,—[6—:;:r]—o.se—¢-'—q,—
COS O~ cos Togr
chordal thickness A
T A
R e [ s v
t,,2 cos Y
= -+ . ———
33. Mean chordal ap=a,+0.2 dn
addendum( a.p, @5 T 2cosl”
[/ Feln aG+ 025_”D__
"
(2) Ztoll &g A4
y=tan ! 7 siny
1. Pitch angle( ¥ , I} T cos
Ir'=3—vy
2. Adendum angle Ap=Y,— 7
(ap, ag) ac=r,—T

7. Tooth angle
(BPv BG)

= 51/3%0-[%— to+ (hi= agp)tan 9]

Bo= L[ to+ (i~ agtang].

]
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HYPOID App= Rt 4Ry
siny
(1) dolo] g A A yid
N "G siny
1. Gear ratio ( mg) me=- ARP=(A-K~)R
. . axd ma
2. Circular pitch( P ) | P= " RK
_ 1
3. Mean circular P ( AmG) Ryp= e
. m
pitch( Pm) Pd Aa AK= sinez'(tan Wap“ tan ng)
4. Mean diametral p p A, N
pitch( P,) n = "[ Anc ] me="y
5. Mean working h=—2—kﬁe%)& R:.?_:};_Sin_&
depth( A) — . —
Vo= Vp—¢g . '=sin_l( sinezcost')
6. mean whole =t b z cosy—2
depth( k) morenTe Cp=1,,
7. Outer working B bt 9. M dista K. — cose,
p2=hectc . Mean cone distance — 1 2
depth( h,) A ( Anp . And tan ¥;p sin &y’
8. Outer whole depth hﬁmmi";#ﬁsm,(c,-co) ' N
A p="L
( hth hlG) h=a.+ boc Pd
d=2(Ap+0.5Fp)siny o "} MclcosdZ)
N o P Fi=tan l( l.2(l—mcsinAZ‘))
10. Pltch;xarlr)xeter DZE ey = sin _1( E— Rzpsinr})
(d,D) R
Fo= 2o %i _
P= o7, 43=X—90
11. Mean pitch d=2A,psiny W‘p=25+5\/ 1—;/4-90%
diameter( d,, , D,,) = i
ameter D, =2Azsinl’ n=m-|(smm_+mdxm,’)
12. Mean addendum |ap=h—ag
K,=tan ¥ psing; + cose/
( ap,ap ag=ch
13. Mean dedendum | bp= b+ ag—ap Rop= Ian‘
G
( bp ,bG) bczh(l+k2_C1)

14. Mean normal
circular thickness
(¢, . T,)

t,=P,cos¥—T,

kyeos P

T.=0.5P cos P— (ap—ggltand — P

-1 E
7= tan ( R(tan Ticos dE~ sinda) + Rz,,)

. _,( Esinr,.)
smn I e—

E; =

15. Mean normal
chordal thickness
(te T,

A

te=t,~ ———r":‘ = 0.58|———
- [ad. S| cosdcos ¥
cos Foc
Awc

T, —r——ﬂ;T"] ~0.58 A
6D T sosdoos

cos o

16. Mean chordal

addendum( a.p , a.5)

R
t,tcosy
ap=apt 0.25————d
m
T,2cosl
Q= ac+0.25~‘—_“’DCOS
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17. Outer addendum

gear{ a ;)

a;= act+dF sinag

27. Gear pitch cone

apex to crown( X )

X,=2Z,+dF ,cos'— A gsinI”

18. Outer dedendum
gear( b,z)

b= b+ AF sin 8¢
AF,=A,— Ay

19. Clearance( ¢)

c= kzh

28. Crossing point to
mean point along

pinion axis( Zp)

Etan4Y

Zp=Aptan ysinl"— tane,

4X=5-90

20. Backlash( B)

AGMA Quality NO. o o 2A

29. Outside diameter

d,=2tanT (x,+ G,)

22. Face apex beyond
crossing point

(G, ,Z,)

21. Mounting md=x,+L,.p ,
distance( md , MD) MD=X,+L,.;
Co= Esinegcos 'g— Zgsin'g~ ¢
o siny,
A st —
Zo= 7— mGSMAc— A

sinl,
FR= r— BG

85=2005- B889 Table 6-4
_ AmGSiﬂ 60‘ bG
Zr=2+ ( sinlg )

o n-i{ o Beostasnls
Ep=sH A nccosdg— Zeos Ty R

t=tan EtandZcosTy_ )
-

Anccosdc~Zeos Ty

radius( 7, )

( do ’ Da) D0=D+ ZGOGCOSP
_ _sec @ tan ¥p— tan o) P
30. Limit curvature| ™' Ctndj '

tan¥p

1
4 -1 ____1_
Aty t K.Gtanr]“ AtV Amtan @

= tan g,
, A‘G"’s’[‘“"”' T ¥ tano(tan # fanyy) ]

23. Root apex beyond
crossing point

Gom Esin:.cosl",‘—z.sinl".—c
®= sin 7z

Za=2- Ancsindg— bg

point( x,)

(GR , ZR) sinlp
xgm ——E— _ Rtany+ 4B
°~ tane cosdY T F °
24. Crown to crossing
4B,= Fopcosy + AF o~ (bg= ) siny

cosap

AF o= hsin sR(l - 7"1;)

25. Front crown to

- E .
xi= e cos A% Rptany+ 4B;
. -.( . 4Rp . )
g =sin" | sine;——p siny

1. Pitch angle( ¥y , D

o= sin "( Aacls cos'ﬂ)
31. Mean radius of 7N,
curvature( ) 7 = cos "(%(Nﬁ N;))
__N
Ne= sinl”
32. Face angle] L pp=0.5d,cos 7, + L,psiny,
distance( Lrp, Lrg) | L pg=0.5D,cosI",+ L,gsinl,
L= 0.5d,
33. Back angle BP™ “siny,
distance( Lp; , Lpg 0.5D,
Lpge=—7
sinl’,
(2) Ztol} B3 A4
y=tan —lTES‘::ZquSE +tan 4 cos 7
I'=tan 'lTaTS,i,%.EE‘ZE“aM’X cos €

- -1 E
7=t ( Rt Trcos 42— Sin D)+ o )

I"»=tan'1( mecos 4T )

1.2(1 ~mesindl)

crossing point( Z) .

Fipcos 7, .
crossing point( x,) AB;=— oot dFap+ (be— dsin
o= —dcosd
P cos(g’ —4)
26. Pitch apex beyond R
L=—T"=— ZP
Jtanl” 7T

2. Root angle
(rr, TR

yo= sin " '(sinAZsin T, + cos AZcos Iycos £}

Fp=T—8¢
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tem Pinion Both Gear
Geardio o 27857 |
Diametial pitch ‘ . 56

Plchdmels . &5 L
Outer cone distance o ! L BIS o
Mean cone distance . 81.27%

Mean warking depth _ 6.4265

Meanwhoedeph B,

Circulal pich o o 14.2494

Nean addendun BT I 15698
Mean dedendum 2393 _ 56402
Oeraddendm . sma 2083
Dderworkmdepﬂw” o ) i R

8.3238 o 298083
Transverse contacl ratio L : 11584

Modﬁed cor&acl ralio ) L 1.6508
Meannorma|ptoﬁleraciusolcwvatue - /- S 77434
Tooth fllet radius _ o 5194 _ - 5198}
Handofspral e . LeftHand

Tooth tapet o Duplex

Mean cicuarpich o120

Mezn danetial pich B L 164,467

Mean pitch diametral _ _ 54,9162 i o 1529685
Meannotmalcuculal lhnckness o ) 59352 ) 41597
Mean nomal chordal thu:kness 5.8665 41
Meanchoddadderdum Coammo 15
Pichange - . 197468 70.2532
Addendum angle o o 6.4335 21342
Dedendum angle » o212 ‘ 6.4935}
Rooth angle s o . 176126 ‘ 637597}
Pressweamgle
Spdange ) |
Faceange . .. .. ... ... . %Aumd .. 723874
Backange . e 187458 I, 70263
Face angle dislance R o 839331 1324428
Back angle distance ) 851838 935276
Ousce dameler Comas 1729
Crown toback o ] 127 i 22,
Bore diametes o - 762

Shakdamels e
Backconedstance Coam 2402
Sheftangle o %90.
Clearance 8033
Backlash o - ] ] Az

Mg £1 annA

e3)

E

(249 4] 4ARLE AR5
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