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GEAR GREOMETRY

loped fram
quantities of a gear, and the
methods used here sre Introduced te the rasder
in 2 separate section.

£1so the notation in gearing literasture

vork & third gystem is used, deve
the basie

iz different, not only from country to country,
but sometimes slso frowm awthor to author in
tha same country. These circumstences have 23
couraged the present author to introduce & new
notation principle in the following sechion.
The notation may look wafawmiliar to mest res-
ders, buit it has some advaninges whsn desling
with geer geometiy problems: ell lengbhs are
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The Toacth Thickness The chordal tooth thickness is of inte-
rest, when the tooth thickness on the dia-
The tocth &h smeter 3 is to be measured by s celliper, For

cetween tve
ylindrical surface

&rc hersa mey mean
poinks measured upon
anpd chord may meen © heriest distance
betwaen two poind cylinder. The cire
cular and chordel tooth thicknesses coincide

for basic racks. Additionally, the Sootnh
thickness may be measured in the transverse
or normal directivns,

The Circular Tooth Thickness

The circulsr toabh thickness in the
transverse direction, Ly WAy be determined
at any dimmster ¢ of £hé wheel by the welle
known relation
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vhers the up sign is external, the

lower sign for interpal
invalute function is

for
gearing, and the

invé=tand-é

The circular tooth thickness in the normal
direction is then

%
n
b=t cosg SevererscvaesscasesBde O
where ¥ and ¢t are relabed via Bq. 3.

The Chordal Taoth Thininsss

spur geers the chord k and the height incre-
ment Ah are easily defined as seen in Fig, b,
and calculated as

k=2rsinG=dsi

-
CvevacasonsetneaveBG. 9

Qn?c!'

3

An=r{l-cosb = %(l-ccs%) ceesevessesEq.10

In the case of helical gesrs the chord
in the transverse plane is easy to calcula-
ta, but almost impossible to measure with
good accuracy. Depending upon the ealliper
inclination varying velues of k ere measured.
Cbvicusly & minimum value must exist, which
may be measured with satisfactory accurscy,
and this is caiculated as follows.

y
/ z x
/
\

A

A
\ }

\ Ex @z/‘/f
xﬁr,,¢»~e-qk7 A// Fig, 5

\ /

The trace of & tooth surface on an ar-
bitrary cylinder of radius r, concentrie with
the gear axis, being & helix with the angle
%, is represented anslytically in an xyz-tow
ordinagte system sceording to Fig. 5, giving
for one of the tcoth surfaces

H

3

x=rsind

yEar{ Lecosd )

z=ry
vhere & and I are parameters connected to
esch other via

=0, ~ihany

.

Then an srbitrary chord k between one

point on zach helix kas the magnitude
cvevessseeBG.Ll

The uinimum chord is obtained, when the

functisn 7{0) is & minimum, where
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The weaber distente, when two wheels
are in comjugate actisn with an imaginary
standard rach, would b denoted by ¢, and
caleulatad {rwom the fullowing equation
{compare Hy. 19}

seevassEa b?

The influence, Au, on the center dis-
tance, whay the pressure aﬂgle of the imge
ginary reclk is changsd, is in the First app-
roximation babained frem Bg, 3¢, which,
remembering Lhe mesning of the large
brackets, i

Jl T

£ wnirateaine E 3
A? f:(:;;,l’.\\i " b‘? &wbehnv--l-“t‘i.i«f3

In order to obbtain the M.C.D.-value,

A¢n W1 iz 4o be substituted, giving
in the firss spproximstion

wie Fp 2

“‘?oa b1’ Pon

T z
A{viavi Foun b
271 on

From
ways negiat

4. M4 it ie seen thet &c iy al-
n, proving that the extreme ve-
lue of tike asiter diﬂhance sceording to Eq.
32 must we a mipimm value,

The infiusnce of pressure angle change
on the snalt angle - in terms of the piteh
helix angien = is investigeted in & similar
way.

A gamil onenge &y in the helix angle is
assumed, correxponding to & smell change Ag
in the “1“w:l pressure angle, Starting frow
a modifind torm of Eq. 20

ain¢b

sl PG 3 e <+ Eg.i
culegn?QUnl SiﬁTﬁZizaT ‘e Eg.a5

Taylor's ewpansions and series reversion
give

. 2
sin ¢
1~ =
cos Y
A 2
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o 2cos ¢
on
L2,
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Bi0g,

»

coxeBq. 46

i angle rhange for the M,C.D.
case is ehteined by substituting the solue

tion frum Hg, b1 into Bq. 46, giving a Tirst
approxinal iy
A@lwmmeﬁtnn¢0n{&mn¢ l+tanw ﬁ}5¢

o
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Swmming up the results, it is Found
that the shaft angle may be moved from the
M.C.D. position in either direction. In both
cases the shaft cenber distance is incressed,

Yirtusl Humber of Teeth

The series solutions of the two niniw
P problems as zppearing in Eq. 15 and Eq.
i& for the chordsl tooth thickness and in Eq.
or the sagle $ 3™ at minimen center dis-
Lance mey be 6pmci§l~ved to the spur gear
cnse by putting ¥= O, which gives

# 2 b
¥ o_. av 2 o
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Zzaet soluticns in closed form are,
however, known for sll three of these equae
ticns as found in Bgs 9, 10 snd 33.

1f & virtual nusber of teeth v' is used
in Bgs 15, 16 and 41, vhere

A4 kW
Wt et L) veeens Eq.5L

cas w ccs3$

;.:.

plying 9= 8 cos ¢ the approximate and
exact éauatlcﬁs are *angrnan# up to the first
arder small quentities in the series solu-
thﬁS, Thue, if the virtual awmbar of teeth
is used, helical gears may be treated as spur
gears, and the errors thai are introduced by
such an spproximstion, are

1]

enenaBq.52

creeneBQL 53

3tan¢ .
# 2, o2
bo, =~ m-??un-u(u tan w ;o tan oE)L
.n....-.Eq,.5l¥

The choice of the virtusl number of teeth
as given in Eg. 51, is in contradiction to
that rscommended by NIEMANN, ref, 3, where

A ceerivensesBQL55

cos@ocos2$b

The approximation according te Eg. 55
ig excellent Tor another group of problems,
and for some chther problems still other app-
roximations gre the most suitable. An approach
for the choice of the best virtusl mumber of
teeth for various groups of problems iz given
by the present author iu ref, 2.



A Mamwrical Example

The comjugste action of twe helical
sears and bhe use of the virbual number of
teeth, a4 descrided in previous sections, is
eluciteked in a numerical example,

iG8, ref. b, hns illustrated the nead
of nen-gunandard spival gear drives, For &
case whgre c=50 mn, Yypoby=d0, sesr ratio
vl/ugmﬁ,bb module m, >2.5 mm end available
diandtral space dy<hT wm, 475 mm, was
sugpested, by the use of virtual number of
teetl, pesrs with data, listed in Teb. 1.

wheel by 2
SV 9 15
a_ 37,489 52,669
t;t ” 7,263 7,618 Twb, 1
¥ 47,408 36,595
&, rm b8, 55 65.27

for these wheels the center distance ¢,
Eq. 87, shaft angle dy+yp, Eq. 20, and cone
tact retio, Eq. 56, are calculsted for vaw
rious shapes (@n) of the imaginary basic rack,
The results are shown in Fig. 9. The range
witkin which the center distance andé shaft
angle may vary, is limited by the condition

1,

e

+
w2 32 r tand g+
B - BS % ? -}
L Fep e et o a1 “n27n
' cosd P
“ha Z81in cos
hZ i ¢HL {‘n

veessesB. 56

Tue whoie line of sction for the leading
paint ol contact is Tully used, only if the
feop wiiths exceed the minimum values .0,
n swold backlash, somewhat thicker whegls
are regdired, 211, fé. These eritical face
widths ure shown in Fig. 10,

Tha locstion of the lines of action, as
well as the unsymmetric location of the
when,s in the case of minimum face widths 3,
£ (solid lines) is shown in Fig. 1l. a/...ef
inéinate some specisl positions asnd the
onding values of § may be found from
and 10, *
inimun center distance with corre-
sft anple and contast ratic are
culated by using both exact and
imate methods. The results are shown in
and are also piotted inm Fip, § with
smiil eiveles. In Fim. 9 is plotted, eddi~
$ienelly, with a dotted line the case, when

exact 3 term
solution pover series
method
¢, 18%42716" 18%2+33"
c 50.912 50,01k
A 90°601 51" 30%01 1 ob™
€. 1,731

Tab. 2

e=1 Tor o virtual spur gear drive, In Teb. 2
exact solution mesns s trial and error solu-
tion of Eq. 3L, the power series method means
tne use of Bg. kl, the virtual method means
the use of Eq, 33 with virtual nunbers of
teeth, and finally corrected basic solutions
mesn the usz of Egs Uk, BT and Sk,

Conclusions

Hethods are developed for studying the
conjugate action of two arbitrary eylindrie,
helieal, invelute wheels, concerning the cen-
ter distence, shaft anale, location of the
iines of sction and similar, A condition is
derived for the minimum center distance
(11,0.D;), which seems to be the natural posi-
tion of two wheels in conjusate sction and
corresponds to the backlash-free operating
position of two wheels on parallel shafts.
Explicit numerical solutions for M,C.D.
conditions sre given as infinite pover series,

The minimuwm chordal tooth thickness of
helical pears, which is important vhen such
teeth are measured by calliper setting, is
caiculated and expressed as an infinite power
series,

It is shown that approximate methods,
especially spur gear formulse used in combi-
nation with virtual numbers of teeth, supply
s satisfactory aceuracy - probably much better
than the accuracy of gesr measuring and
cutting - when the minimun chordal tootn

thicknets and minimum center distance are to

be calculated,
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