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One problem in using the involute system of gearing is
the possibility of interference between the tip of the gear
tooth and the flank of the pinicn tooth when the number of
teeth in the pinicn is reduced below the minimum allowable
for that system of gearing, (e.g. 12 teeth for 25 degree
full depth teeth, 14 teeth for 20 degree stub teeth, 18 teeth
for 20 degree full depth teeth, and 32 teeth for 14} degree
full depth teeth). Uther problems which can occur when
using standard involute spur gears include pocr contact ratio
(average number of teeth in contact) and inadequate strength
of the piniocn teeth. There also exists the problem of using
standard cutters to cut gears for application to ncnstandard
center distances.

In the case of interference between the tip of the gear
tooth and the flank cf the piniocn tooth there exists a well
established relationship to give the mathematically correct
value that the cutter should be withdrawn (or in some cases
moved inward) so that the addendum line cof the hod just
passes through the interference point of the pinion (the
point at which the line of action is tangent to the base
circle of the pinion). This equation will be given in a
later section along with the rules for its application to
problems involving interference between the tip of the gear
tooth and the flank of the pinion tooth.



A typical problem which a mechanical designer might
encounter concerns the design of a set of spur gears for a
predetermined center distance which is not one of the values
obtained by dividing the sum of the number of pinion and gear
teeth by two times one of the standard diametral pitches,
(e.g. 12, 14, 1¢, 18, 20, etc.). The design of these gears
can be accomplished by determining the¢ value that a standard
cutter should be moved in or withdrawn from its normal cutting
positicn such that when the pinion and gear are cut, they will
operate at the required center distance when meshed together,
The design problem, however, is trying to establish what
values of hob (cutter) offset should be used to cut the
pinion and the gear so that the standard cutter may be used.

Several authcrs have shown the derivation for a mathe-
matically correct relationship which will give the gum of the
hob offsets for the pinion and the gear. The major problem
is that there is no second mathematical expression whereby
it is possible to solve explicitly for either the hob offset
of the pinion or the hob offset of the gear.

Accordingly, the object of this investigation was to
develop a method for determining the hob offset of the piniocn
and of the gear so that the gears would operate properly at
the required predetermined center distance. A secondary
object of this investigation was to develop a series of

design charts for determining hob offset values that could



be used with relative ease and would cover a wide range of
problems. An attempt also was made at developing a series

of equations so that it would be possible to solve explicitly
for either the hob offset of the pinion or the hod offset of

the gear.



II. Vikw CF IE

Several authors have discussed the generation cof non-
standard gears with standard hobs. Spotts' (1) and
Hirschhorn's (5) texts contain brief discussions of nonstand-
ard gears. Steeds (2) and Mabie and Ocvirk (&%) each devoted
a full chapter to the design of gears for operation at non-
standard center distances in their texts. Kinsman's (3)
entire doctoral thesis is concerned with the design of
nonstandard gears.

Each of the above authors shows the derivation for
obtaining the sum (eq + e,) of the hob offsets required for
cutting a set of gears to operate at a nonstandard center
distance.

Many of these authors have given guldelines about a
second equation relating eq and e, SO that it would be
possible to solve explicitly for the hcb offset of the pinion
or the hob offset of the gear. Steeds (2) states that an
arbitrary relationship between the quantities e, and e, is
to let ey = ke2 where k¥ 1s an arbitrary constant. The value
of k used should be chosen so as to reduce the undercutting
of the teeth of the pinion to a minimum when the number of
teeth in the pinion is small compared to that of the gear.

Kinematically, Xinsman (3) states, it makes no difference
how the value of total hob offset ey + e, is divided intc
ey (hob offset of pinion) and e, (hob offset of the gear),



as long as the two values are selected such that undercutting
(removal of interfering metal from the flank of the pinion
tooth by the cutter) and pointing (withdrawing the hodb a
distance such that the tooth becomes pointed) is avoided, if
possible. Prom a strength standpoint, Xinsman states that
the following should be considered: a.) select values of

e, and e, 80 that neither the pinion teeth nor the gear teeth
are pointed or undercut. b.) The corrected Lewis form factors
(a purely geometrical property of the size and shape of the
tocth) for the pinicn and the gear must be adequate. c¢.) If
a and b are unsatisfactory, chocse e, and e, 80 that the
pitch point bisects the path cf contact.

Mabie and Cevirk (4) indicate that often e, and e, are
assumed to vary inversely with the number of teeth in order
to insure a strong pinion. If e, and e, are negative, e4 and
e, should vary directly with the number of teeth. This 1is
the usual practice followed in the United States.

Hirschhorn (5) states that, in Britain, the following
cutter-setting corrections have been adopted by the majority
of gear manufacturers as standard practice. If Ny + N2‘z.60
teeth then

N
e = O,k (1 - ﬁl) or e

L 1 1==9-;-9-2(_so--n,)

whichever is the greater and e, = 01 if N1 = Nz. It

Ny + N2 < 60 then



31 E‘Q'I‘)QZ (,30 - N1)
and e, = 9392 (30 - Ny

choosing the cne that favors the pinion the most.

Scme literature that will be pertinent to the results
of this investigation, but not directly relgted to nonstandard
gears, was also reviewed. This literature deals primarily
with the static deflecticns in spur gear teeth.

An experimental investigation was performed by Furrow (&)
on the static deflection of standard spur gear teeth loaded
at any point alcng the line of action. In his work, Furrow
proposed a épeciric manner in which to apply the equations
of Timoshenko and Baud (6), whose approach was based on
replacing the gear tooth with a tapered cantilever beam. A
paper by Furrow and Mabie (9) gives a review of the results
of Furrow's experimental work along with information concern-
ing the computer program used to apply Timoshenkoc and Baud's
equation for the deflection of gear teeth. Mention must also
be made of Caldwell (7), who derived the necessary equations
for determining the value of the angle of application of the
load at any point along the line of action.



III. INVOLUTE SPUR GEAR THEORY

This section will review some important definitions and
some of the basic kinematic equations which describe the
action of a spur gear. The reader 1s probably well informed
on the basic concepts of gear design and gear nomenclature.
However, scme of the basic concepts will be reviewed briefly,
primarily to acquaint the reader with the nomenclature used
here.

A spur gear is one having teeth parallel to the axis
of the gear., The nomenclature is shcwn in Figure 1.

The diametral pitch P is defined as the ratic of the
number of teeth to the number of inches of pitch dilameter.
The diametral pitch equals the number of gear teeth to each
inch of pitch diameter.

Referring to Figures 1 and 2, the base pitch, which

remains the same for both a standard and a nonstandard gear

is given by
21R
pbz—-_.bz-.ﬁw
N P (1)

The diametral pitch of a standard gear is given by

o= N
1_23 (2)

The standard circular pitch is given by

psmz.‘\l. (3)
N P
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The thickness of the standard gear tooth is equal to one-half
of the standard circular pitch.

- JZR _T _
t"N'QP"Pé 2

A gtandard gesr is one where the ratio of the number of
teeth to pitch diameter is one of the standard values of
diametral pitch. The term standard gear also means the tooth
thickness must be equal to the tooth space, which equals
one-half cf the circular pitch.

For the purpose of this thesis, a ponstandard gear is
defined as an involute gear whose teeth are not of standard
thickness. That is, on the standard pitch circle of the gear,
defined by the relationship that its radius is equal to the
number of teeth in the gear divided by twice the diametral
pitch, the arc tooth thickness is pot equal to one-half of
the circular pitch.

With reference to Figure 2, the following quantities can
be defined:

Standard center distance with gzero backlash

2 (5)

2 2P

Nonstandard center distance

C'=R!'+R'=C gos P, (6)
1 2 cos @'

where the operating pressure angle @' is established only
after the pinion and the gear have been meshed together.
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Base circle radii

Ry = R’ cos P = R; cos @' (7)
sz = 32 cos P = Ré cos @' (8)
Standard cutting pitch radii
Ni
R, = = (9)
N
-
32 >p (10)
Operating pitch circle radiil
H1
R1' = (m) ct (11)
M
R' = '
5 (W1 " N2) c (12)
Standard outside radii
R, = R1 + a (13)
R,=R,+a (14)
Standard dedendum radii
Ryy =R -0 (15)
Ry, = R, - Db (16)

The thickness at any point on the involute surface of

the tooth can be found if the thickness at some other point
is known by the follcwing equation:

t
A
tg = 2Ry (Eﬁx + inv EA - inv ﬂB) (17)
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where the involute of an angle is defined as

inv g, = tan 9, - 8, (18)

Figure 3 shows a portion of a rack that could be used

in the cutting of both standard and nonstandard gears. When
cutting a standard gear the hob offset e is zero, and, there-
fore, the cutting pitch line and standard pitch line are
identical. The thickness of the gear tooth on the standard
pitch line is given by Equation (4)., If it is desired to cut
a nonstandard gear, a standard rack can be used to cut the
gear by withdrawing or retracting the rack a distance e.
From Figure 3 it is noted that the standard pitch line and
the cutting pitch line are then no longer the same. The
reason for this 1s that the standard pitch line of the rack
is no longer tangent to the cutting pitch circle of the gear;
therefore, the standard pitch line cannot serve as the cutting
pitch line. A new line on the rack must be established which
is tangent to the cutting pitch circle of the gear as is
required for generating the gear., It should also be noted
that the cutting pressure angle @ of the rack is constant and
does not change. It is only after two gears have been meshed
together that the operating pressure angle #' is established.
The thickness on the cutting pitch circle can now be seen to
be given by:

t = 2e tan @ + p/2 (19)
where e is positive if the rack is withdrawn and negative if
the rack is pushed into the gear blank.



cutting pitch line

Standard pitch line

Cutting pitch circle

e tan f —>e—— 5 = e tan @

€1
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If the rack is withdrawn just enough so that the addendum
line passes through the interference point (point E1 on Figure
2) of the pinion, it is possible tc develop an equation so
that the hcb offset e can be determined so that the addendum
line passes through the interference point E, (See Mabie and
Cevirk (4) p. 128 for complete derivation). This equation

is found to be:

=J - 2
e =5 (» % sin“ @) (20)

It must be emphasized that BEquation (20) is good only if the
rack addendum passes through the interference point E1 of the
pinion.

Figure 4 shows two gears in mesh which have been cut
with hob offsets e,
now be derived from Mabie and Cevirk (4) which will give the

and 02 respectively. An equation will

sum, e, + 32, of the heh nffgset. The fundamental lew of

1
gearing states:

w, &
-z 2
wy, Ny

If Equation (12) is divided by Equation (11):

Therefore
K R!
R (21)
w, 1 R1
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From Figure 4, assuming nc backlash

2MR! 2MBR!
] —2

£ o4+ gt = = (22)
1 2 N, N2
From Bquation (17):
' [ - t
t = 2R1 (2R1 + inv @ - inv @)

t
t' = 2R! Osﬁ- + inv @ - inv 2')
2 2 2

Substituting these into Equation (22):

1
! ot - ] -L- - ! =
2R1 (281 + inv @ - inv £') + 2R (232 + inv @ - inv @') 2';““

and dividing by 2R;;

t R, ¢ T
(- + 1nv 8 - tnv 8") + =2 (2 + 1nv B - 1nv B) =

1 R* 2R 1

2

t1 R' ¢ R!

or231+a,-2-§-—=§-+ (=£+ 1) (1nv @' - 1nv P)
1 2 1 1

Substituting Equation (21) into this Yields

t N, ¢ N

- 31!_ —s 1 v .
5%; + .ﬁ_ + (N + 1) (inv @ inv 2)

Ny 2Ry NN

From Equations (Y and 10):
N

N
—L —&
2R, =7 and 2R, = 3

Therefore,

-ﬁ-}—+wf—=%¢—%——-’-(mvﬁ' -~ inv @)



Multiplying by N1/I‘~
T N, + N )
t1+t2=r+—-‘—r—2(1nvﬁ'~1nvm (23)
From Equation (19)
t, = 2e, tan g+ p/2
t. = 292 tan 9 + p/2

2
Substituting these into Equation (23):

2(e1+02) tan¢+p='g-+—-‘-—-—-2(1nv¢' - inv @)

Substituting Equation (3) into the last result and simplifying

(N,' + N.) (inv &' - inv @)
+ e = 2 (24)
1 2 2P tan @

which 1s the desired result.

In Chapter II, the following guideline was suggested for
use with Equation (24): 1If e, + e, is positive, let e, and
e, vary inverselY with the number of teeth; if negative, let

2

e, and e, vary directly with the number of teeth. In equation

form:
N
oM
e, = N1 for positive AC
Letting e e + @ (25)
€% =% "8 d



e N
or 1 - 2 (26)

hi N for negative AC

(27)

or e, + @ = N, + N

Equations (26) and (27) will be useful for comparing the
results of this investigation with the suggested guideline

to obtain e, or e from Equation (24).

Three other fquntions that will be needed in the
derivations to follow are the equations for the outside
radii, dedendum circle radii, and the equaticn for the depth
of cut. (The development of these equations can be found
in Mabie and Cevirk (4) pp. 131-2.) The equaticns for the
outside radii are as follows

n61=c--32-e2+§ (28)
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Réz z C!' = R1 - e + %- (29)

and the equaticn for the depth of cut is
] (Yo N |
ht = Ro1 + Roa C'+ ¢ (30)
where ¢ is the clearance.
The equations for the dedendum circle radiil are as follows

' 't o
Rd1 = R°1 ht (31)

' ' o
Ria = Bop — By (32

The derivation for the length of action and contact ratio
will be developed for a pair of nonstandard gears in mesh. In
Figure 5, E1 and E2 are the points of tangency of the line of
action and base circles. Point A is the beginning of contact,
defined as the point at which the addendum circle of the driven
gear intersects the line of actiocn. Foint B is the end of
contact, defined as the point at which the addendum circle of
the driver intersects the line of action. 2Z' is the nonstandard
length of action and 1s expressed as

Z' = AB = E1B + E2A - 31E2

2 2 2
but (E,B)“ + (Bbl) = (Rgi)
2 2 , 2
(EQA) + (sz) = (Réz)
E1E2 = R; sin 9 + Ré sin @' = C! sin P*
Therefore

_ 2 2 2 2 \ .
20 = (Rg)Z - (R D2+ (B2 - (R )2 - Ctatn gt (33)
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From the definition of base pitch given by Equation (1),
it i1s now possible to define the contact ratio for nonstandard

gears as

n = & (34)



Consider a spur gear tooth as shown in Figure 6 for
which the following assumptions are made.

1. The tooth material is homogenecus and isotropic.

2. The tooth is rigidly supported at the dedendum circle.

3. Transverse planes before bending remain transverse
planes after bendingj; no warping takes place.

4, The load is gradually applied in the x-Yy plane such
that no twisting of the tocth occurs.

5. The component of the tooth load parallel to the
tooth axis, Fv' will be neglected.

The elementary bending stress equation for a straight

beam having a constant, prismatic, cross section is
s = §£

It will be assumed that the tooth is a cantilever beam and
that the above equation holds. The usual bending stress
formula for gear teeth is
s = ;g; (3%

In Equation (35), ¥ is the Lewis factor which can be
found in tables (1), b is the face width, p is the circular
pitch, and Fb is the bending locad. These tables, however,
only apply to standard gears. Values of the Lewis factor

22
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4IGURE 6. SPUR GEAR TOOTH



for nonstandard gears are not readily available. The cnly
place mention is made of nonstandard Lewis factors is in
Kinsman's thesis (3), but these apply only if the load 1is
applied a distance 1/F from the tooth tip. The Lewis factor
is a purely geometric property depending on the size and
shape of the tooth.

The actual angle of load application,P, at the tooth
tip will be developed first and then the stres; equations
will be derived. 1t will be assumed that the entire load is
carried by a single pair of teeth and that the load is acting
through the corner or most unfavorable point on the tooth
as shown in Figures 7 and .

Figure 7 shows the case of two nonstandard gears in
mesh at the particular phase when the gear tip is in contact
with the flank of the pinicn. It is necessary to determine
the angle @Az, since, in the stress equation, the bending
moment caused by the tangential load at the tip of the gear
tooth is wanted. |

The angle AOzEa as shown in Figure 7 is

ﬂAa = cos"(sz/Réz)

The involute of this angle is
] ] - 1
1nv(¢A2) = tan(ﬂéz) ﬁAg (36)
The angle between the gear tocth centerline and Réz at
point A is

) taaf2

X
A2 8&2
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FIGURE 7. MESH AT GEAR TIP
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FIGURE 8

MESH AT PINION TIP
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b t (f.?... ]
ut A2 = 2RA2 3k, + inv @ - inv ﬂAz)
t
Therefore Hpo = .5%2- + inv @ - inv ﬁ"‘a (37)
where t2 = 2e2 tan @ + p/2

is the thickness of the gear tooth on its cutting pitch circle,
Rz the standard pitch radius of the gear, @ the cutting
pressure angle, and e, the hob offset of the gear.

The angle between Fh and_Ft for the gear at point A 1is

BAQ = ¢A2 -'-4:>(A:2 (38)

Figure & shows the case of two nonstandard gears in mesh
at the particular phase when the pinion tip is in contact with
the flank of the gear. For this cese it 1s necessary to find
the angle /?31 in order tc calculate the bending moment caused
by the tangential load at the tip cof the pinion tooth.

The angle 80131 as shown in Figure & is

= -1 (]
¢B1 cos (Rb1/R°1)

The involute of this angle is
1nv(¢é1) = tan(ﬁé1) - ﬂé1 (39

The angle between the pinion tcoth centerline and R;1 at
point B is

X =_§.;_..
B1 ]



t ]
but tpy = 2381(§ﬁ? + inv @ - inv ¢B1)
Therefore X = -EJ- + inv @ - inv 2! (40)
Bl ~ 2R, B1
where t, = 201 tan £ + p/2

is the thickness of the pinion tooth on its cutting pitch
circle, R1 the standard pitch radius of the pinion, @ the
cutting pressure angle, and 01 the hob offset of the pinion.

The angle between F, and F, for the pinion at point B 1s

t

Py = By - %, ()

The derivation for the length and thickness of the
cantilever beam used to approximate the gear can be developed
along with the bending stress equation. Two cases must be
considered. Case 1 will involve Figure 9 which shows the
base circle radius as less than or equal to the dedendum
circle redius. For this condition the entire tooth has an
involute profile. Case 2 involves Figure 10 which shows
the base circle as being greater than the dedendum circle
radius. For this conditicn the tooth profile is involute
from the addendum circle to the base circle, and from the
base circle to dedendum circle the profile is that of =«

radial strajight line drawn from the gear center.
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CASE 1
For Ry < Ry Figure 9

By Equation (19)
t = 2e tan @ + p/2

8ince the involute profile goes to the dedendum circle
R cos ¥ = R! cos ﬂd

4

Therefore ¢d = cos"(ﬁz cos @) (42)
and inv(g,) = tan(g,) - 2, (43)
By Equation (17)

ty = 2Ré(é§ + inv @ - inv ﬂd) (4l)
From trigonometry

e = td/Ré
or 0= zbgﬁ + inv @ - inv @y) (45)
Also h = 2R} sin(e/2) (46)

X3 = R} cos(e/2) (47)

The tooth thickness at the tip cf the tooth is
] :
tp = 2330237 + inv @' - inv §,) (48)

which is equal to the arc length Sp. The base circle radius
is given by
Rb = R' cos @°* = Ré cos ”T
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Therefore @, = cos“’(ﬂi cos @')
Let C1 = ﬂT

C2 = inv ﬂT = tan C1 - C1
By Equation (17)
t' = zn-% + inv @ - inv @')

(49)
(50)

(51)

(52)

Substituting Equations (51 and 52) into Equation (48) gives

tp = QR")(Z + inv @ - C2)

Then the arc angle “T is
8 t

0(1,3%3.%

o)

which on substitution of tT is

= (= -
Xy = 2(2R + inv @ - C2)

Defining C4 = Ré

and CS = inv P
Therefore xT = B(') cos 0(.1./2
or Xp = ck cos(éﬁ + C5 - C2)

where t is given by Equation (19)
The length of the cantilever beam is

d = KT - Xa

As mentioned before, the bending stress

-

equation 1is

(53)
(54)

(55)

(56)
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where M= (Fn cos/B) a
¢ = ¢h
N R
I = 12bh

and substituting intc the stress equation

: 6dF  cospg
bh2 (57)

s

where the angle B is defined by either Equation (38&) or by
Equation (&41).

CASE 2
For Ry, > Ry Figure 10

From Equation (17)
L -
tl = 2Rl(ER + inv @ inv ﬂ])

but ﬁb = 0

- L
Therefore t, = ZRb(2R + inv 2) (58)

By trigonometry

e = Eh
Ry,

or 0= 2(%§ + inv @) (59)

where t is given by Equation (19).
Also h = 2R5 sin (e/2) (60)
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Xq = Ré cos(e/2) (61)

anT-Xd (62)

The bending stress equation is

e}
8 =2

o5
L]

where (Fh cosz ) d

¢ = ¢h

[
1

=13
12bh

and substituting in the above equation

6dF  cos B
bhe (57)

which is the same result obtained in case 1 with "d" and "h"

defined differently. The angle B is defined by either

Equation (38) or by Equation (41) and X, by Equetion (55).
Comparing Equation (35) with Equaticn (57) shows that

F,=F cosB=F

b n t

N

and yp = 23

This shows that Equation (57) includes the Lewis factor and
also considers the angle of load application which Equation
(35) neglects. HNote: The face width b does not change.
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Equation (57) was modified to

§ - Sdgosl (63)
n h
so that the load and face width would not have to be considered
in the calculations. A computer program was written so that
a secondary relationship involving e4 and e, could be deter-
mined on the basis of approximately equal tooth bending stress
with the lcad applied at the tip.

The program which was written based all cslculations on
the following assumptions: pressure angle @ = 20 degrees,
diametral pitch ¥ = 1, full depth gears (k = 1), and coarse
pitch (clearance ¢ = 0.250/P for P = 1 to 19.99). Values for
the change in center distance AC were used as input. These
values varied as follows: AC = 0.050 inches to 1.600 inches
in steps of 0.025 inches and AC = -0,050 inches to -0.999
inches in steps of -0.025 inches. N, was held constant. N,
varied from 82 = 18 to Nz = 130 teeth in steps of one sc that
a least square analysis could be applied to the results:

e,/(e1 + ez) versus Hz/(ﬁ1 + NQ).

Figure 11 shows a very simple flow diagram which shows
the primary logic of the program. A complete listing of the
program can be found in Appendix A. The program is written
in double precision and required approximately seven hours to

calculate the results for all of the values of AC used.
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B. Data and Results

A sample set of data is shown in Tables 1, 2, and 3
which has been taken from the computer printout. Figures 12
through 24 show the plots of hob offset ratio for the cases
where the hob is withdrawn a distance (+AC) from the gear
blank and Figures 2% through 32 show the plots of hob offset
ratio for the case where the hob 1s pushed a distance (-AC)
into the gear blank.

These plots are only valid for a cutting pressure angle
of § = 20 degrees, full depth gears (k = 1), and coarse
pitch. Although these plots were plotted for data based on
a diametral pitch of cne and for N1 = 18 teeth, they are good
for any pitch, as the stress is independent of the pitch.
When N, takes on other values, a very slight error (less than
4%) is introduced. This was determined by running the main
program with cther values of N‘ and comparing the results of

the ratio e,/(e1 + 02) to h2/(ﬁ1 + Hz).

Figure 18 shows the plot for AC = 0.875 which corresponds
to the data in Tables 1, 2, and 3. It is seen that as N2
increases, so does the value of €. In other words, as the
ratio of R2/(N1 + "2) increases so does the value of the
ratio e1/(a1 + ea). A review of Equation (26) will show that
‘this is the same trend that this relationship suggests., If
Equation (26) were plotted, it would be seen that this
equation 1s a straight line with a slope of 45°., A review
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YABLE 1. EQUAL STRESS, N, = 18 TC 55

‘ Ny = 18 g = 20° P =1 AC = 0.875
N.-\ © e m _é‘_b e1
1 2 p n e, + €

1¢ « 507 . 507 1.2 2.654 . 500
19 .51k . 496 142 2.636 .509
20 525 L5 1.24 2.619 .519
21 «550 a7k 1.25 2.602 52t
22 538 ko 1.2€ 2.585 .57
23 e 545 53 1.27 2.568 . 546
2k <555 s 1027 2.552 .55
25 560 33 1.2t 2.535 .56
26 056& ol+2‘j 1 20 ! 20 51 8 , - ¢57J
27 ‘576 0&1_) 1.29 2. 502 .552
2 .5t 3 Lok 1.3C 2,466 <591
29 - 591 . 394 1.30 2.471 . 600
30 . 596 . 366 « 30 2,458 . 607
1 602 . 379 .31 2.446 61k
32 608 . 371 1.3 2.%55 .621
33 612 . 364 1.32 2.425 627
b 1Y . 350 1.52 2.415 .653
35 L0622 . 351 1.32 e 2,406 639
56 626 . 346 1.3 2.3598 . 64k
37 .6,50 .jh1 1.33 2.390 . 649
3¢ .2,? 335 1.33 2-58§ ggg
39 « 0357 « 330 1.53 2¢ 37
Lo . 641 W32k 1.3k 2. 568 . 664
L1 L6k . 320 1.34% 2.3562 . 668
Lz L6l . 315 1.3 2.555 .673
43 651 e 311 1.5k 2. 349 .677
Ll .H54 306 1.35 2,344 . 681
L5 657 .302 1.55 2.338 L6565
L6 . 659 2 1.35 333 L6686
L7 L662 . 295 1.35 2.32b .€92
Lo L6635 . 290 1.5 2.323 , ,606
4¢ . 667 . 207 1.36 2.319 T L. 6%¢
50 L6568 .26k 1.36 2.314 7 .702
51 672 . 200 1.36 2.309 %706
2 YL . 277 1.56 " 2.305 709
53 677 274 1.36 2,301 712
5k 679 . 271 1.36 2.297 715
55 71e

N . 267 1.36 2. 29% ..
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TABLE 2. EQUAL STRESS, N2 = 56 TC 93

Ny = 1t B = 20° F =1 AC = 0.875

¥, e e, m Sb 1
€ 1 < P Fn 91 + e
56 LBE2 . 265 1.57 2.290 .720
i LEHL . 262 1.37 2.287 .723
N} 667 . 259 1.37 2,263 .726
Y L8O . 257 1.37 2,280 .720
60 . 690 . 254 1.37 2.277 W73
61 <691 .252 1.37 2.27k4 .733
62 - 694 - 259 1. 57 2.270 .736
65 .657 .2&3 1.5@ 2.262 752
66. .700 240 1. 38 2.259 745
€7 .701 .237 1,36 2.257 747
68 .702 .235 1.38 2. 254 749
6< .70k 233 1.38 2.252 751
70 .705 « 251 1.38 2. 249 «753
71 .707 . 229 1.38 2.2k .755
72 .706 - .227 1.308 2.2k4 757
753 .709 .225 1.8 2,242 «759
74 711 . 223 1.38 2.240 .761
75 711 222 1.56 2.2386 762
76 AR .220 1.38 2.236 .764
77 71k 218 1 .35 2.234 .766
7% L7216 .216 .58 2.232 .708
7(7 0716 0415 1._§9 2.231‘ 769
=0 717 213 1.39 2.228 771
21 .719 211 1.9 2.226 .77
P 2719 .210 1.39 2,225 .77
53 .7 21 . 208 1.39 2.223 776
3l 722 . 206 ,1.59 o 2.22¢ 778
bb c72_j OCOS ojg 2. 220 ) .779
o€ .72k . 203 1.39 2.218 781
t‘? 0725 0204 1;_)9 2e 217 07(:2
ge 726 .200 1.39 2.21 76k
59 727 «19¢ 1.39 2.21 .7&5
9C 7o .197 1.39 2.212 707
91 729 .196 1.39 2.211 J75b
G2 .7 31 194 1.39 2.209 .790
¢ .7 31 193 1.39 2. 208 .791

A = 0.05670 B o= 0.H777Y
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TABLE 3. EQUAL STRESS, N, = 94 IC 130

—t D qd o B nd e L et wd d b

Ny = 18 o = 20° Po= AC = 0.875
I\‘2 €1 e2 m}, Fn e, + €,
oL 702 L1920 1. 39 2.207 792
$5 e755 .19C : ﬂ.J9' 2.205 .79k
pas .73k . 189 1.5 7 2.20k 793
¢7 .735 . 18¢ 1.39 2.203 .796
cd $736 7 186 1.39 2.201 .79%
99 $737 185 1.9 2.200 .79%
100 VY .18k 1.59 2.199 . 800
101 o734 REE 1.9 2.198 L801
102 739 a8 1.39 2.196 .80
103 ~.7he .180 1.50 2.195 . B0
10k L7k 179 -1 .40 .19k .805
105 SR 178 .40 2.193 . +806
106 J742 177 1.40 2.192 . 807
107 73 176 1.40 2.191 .808
108 C7HN ’ ‘.173 1.4C 2.189 .810
109 L7495 AV 1.4%0 2.188 811
110 VALS 173 1.40 2.187 812
(AN L6 72 1.40 2.186 813
12 L 171 1.40 2.18 81k
s .th .130 1.40 2.185 .815
i 7h0 ES 1.40 2.18% 816
12 .7k 168 1.40 2,163 817
10 750 167 1.40 2,152 818
V7 .750 .66 1.40 2,181 .819
Te .751 . .165 1.0 2,180 .820
19 752 16k 1.0 2.179 ~G21
20 752 163 1.40 2.178 .822
2l 755 L162 1,40 2.177 823
<2 J7 50 L161 1.40 2.176 .82k
e .7 5k .160 1.40 2.17 .825
2k .755 159 1.40 2.17 .826
25 755 L1509 1.40 2.47% .826
26 .755 RET 1.40 2.173 .827
v 756 157 .50 . 2,172 .328
er AV 156 140" 2,172 829
ey L7543 155 1.40 2,171 .ng
30 . 758 .5k 1,40 2.17 831

P S T S

A = 0.0567C B o= 0.8777k4
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of Figures (12) to (24) shows that the slopes are not 45° and
that these curves are dependent on the value of AC used. In
some cases 1t can be seen that the curve becomes a straight
herizontal line with the ratio ey/(e, 02) = 1 which indi-
cates that the hob shculd onlY be pulled out on the pinion
blank to increase the thickness of the teeth and therefore,
to increase their strength.

A review of Figures 25 through 32 for values of (-AC)
show that as the ratio of N,/(N1 + Na) decreases (increasing
N,) the value of e /(e + ez) decreases (decreasing e;). 4
review of Equation (27) will show that this is the same trend
as this relationship suggests. If Equation (27) were plotted,
a straight line with a slope of 45° would be obtained. Figures
25 through 32 do ncot show this to be the case as they are
dependent on the value of ~-AC. It can also be seen that the
ratic e1/(e1 + 32) is zerc cver a gocd portion of the ratio
N1/(N1 + N2
the gear blank to thin the teeth and decrease their strength,

) indicating that the hob should be pushed into

thus making the pinion and gear more nearly equal on a
strength basis.

As mentioned previously, an attempt was made at devel-
oping a series of equations so that it would be possible to
solve explicitly for either the hob offset of the pinicn or
the hob cffset of the gear. Tables 4 and 5 show the values
of the coefficients A and B for the linear equation

y=A4+ Bx
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TABLE k. EQUATICN CCEFFICIENTS AC = 0.50 TC 0.550

& N
1 - 2
€1+ e5 A N1 + NQ

[

AC A B

~

C.050 USE GHAFH
0.075
0.100
C.125
G.150
C.175
C.200
C.225%
0.250
C.275
C.30C
0.325
Ce350
0.375
C.400
O.42¢5
0.450
V7Y
0.50C
C.525
0.55C
0.575
C.€600

0.700 USE GRAFH

25 . -.15711 1.28839
50 ks 1.2075¢
75 -.07%63 1.135102
00 -.037ck 1.06101
25 -.004 56 0.9¢613
50 0.02751 0.93470
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TABLE 5. LEQUATICN CCEFFICIENTS AC = 0.&75 TG 1.€0C

€1 _ N,
ey v ey AT ENTN,
A B
. 0.05670 0.87774%
. 0.0&k42 0.82;66
- I
L} . j [ :j
. 0.15537 0.68304
. 0.17579 0.64175
. 0.19458 0.60353
0.21235 0.56720
A o:2333
* d ]
0.25968 0.46923
0.27403 0.43987
0.268814 0.41103
0.30260 0.38229
0. 31601 0.35521
0.32921 0.32088
0.34170 0.30376
0.3539¢ : 0.2793k
0.36566 o 0.25590
0130l %
o,jt-' ) J Y ]
3:nae% e
C .16
0.42003 C.14eky
e R
0.419 0.1
o Lines N
0.457 L0751
0.46613 0.05716
0.47518 0.0396Y
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corresponding to the range of values of + AC studied. These
coefficients were only cbtained for positive values of AC.
It is recommended that the plots of e1/(e1 + 32) V8.

Nz/(N1 + N2) be used if available rather than the above
equation as the curves are not exactly linear.

A review of Tables 1, 2, and j shows that the contact
ratic veries from a low of 1.23 to a high of 1.40. These
values of contact ratic are on the low side. A contact
ratio of 1.40 is generally recommended as a practical minimum
with 1,20 fer extreme cases., With mcdern manufacturing
methods, however, the author feels that the degree of machining
accuracy required for these low contact ratics can be easily
cbtained to secure quiet running.

The computer program shown in Appendix A can be easily
modified so that it can be set up on a time sharing computer
terminal. The program can be changed so that L P Nz, P and
C' or AC can be read in and the values of e, and e, deter-
mined. A program of this type would be a considerable aid
to the designer of ncnstandard gears. The program can also
be easily mcdified to handle fine pitch gears without a

great deal of trouble.

C. Applications

Two example problems will be worked to demonstrate the
use of the Hob Cffset Ratio charts. Example 1 will cover
the case in which the hob is pulled out of the gear blank
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and Example 2 will cover the case in

into the gear blank.

which the hob is fed

Given: A pinion and gear of 20 and 30 teeth, respectively,
are to be cut by a 5-pitch, 20 degree full-depth

hob to operate on a center

with no backlash.

distance of 5.25 inches

Regquired: The value of e, and e, to give teeth of the proper

thickness.
Sclutiop: N o+ N

Stendard center distance C = ———=& = 20+ 30

2P 2x5

C = 5.0C in.
Cperating pressure angle cos P' = %, cos @ = ?f%g cos 20°
g' = 26.50°
Change in center distance VC =C' - C = 5,25 - 5.0
VC = +0.250 in.

In order to determine which chart to use, VC must

be multiplied by the diametral pitch P since the charts

are based on P = 1.

"

AcC
Ac

VC x P = 0,25 x §
1.29% in.

This value of AC = 1.25 indicates that Figure 21

should be used with
N

4:
N1 + N2

— =
20 + 30

= 0.60
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Therefore from Figure 21
€,
e, + e2

= 0,543

Calculating the value of e, + e, from Equation (24)

(¥, + N (inv ' - inv @)
) 12 (24)
2F tan P

]

31*0

it
+

2 X x tan 20

e, * e, = 0.29073 in.

Combining these results

ey = 0.543 (ey + e,) = 0.543 x 0.29073

= 0.15787 in.

and e, = (01 + 02) -e = 0.29073 - 0.15787

®
!

@
#

If the necesssry equations are solved, the following
results will be obtained:

>
Rpr 7 By

Rba > Hd2

X1
X102

X4

2.316 1in.

L]

H

3291 1in.

1.894% 1n.

H



Xd2 = 2.87’4 in.

61 = 0.422 in.

d = Ooh’18 in.

h, = 0.454 in.
= 0. 462 in.

131 = 31’._‘520
ﬂz = 31.71°

50 9.959
Fn *

o

s
T = 9,991

n

These results show that the pinion and gear are

approximately equal in strength. In fact, for this
particular problem the pinicn is stronger than the gear.

EXAMPLE 2
Given: A pinion and gear of 35 and 44 teeth, respectively,

are toc be cut by a 10 diametral pitch, 20 degree
full depth heb to operate on a center distance of
390 inches with nc backlash.

Required: The value of e, and ea to give teeth of proper
thickness.
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Solution: -
N, + N
Standard center distance C = -3-2-15--2 = 22 ; 11"’

C = 3-95 100 |

Uperating pressure angle cos P! =5 cos P =-§-'-g-§ cos 20°

g = 17.87°
Change in center distance VC = C' -« C = 3,90 -~ 3.95
VC = «0,05 in.

In order to determine which chart to use, VC must
be multiplied by the diametrasl pitch P since the charts
are based on P = 1,

AC = VC x P = -0.095 x 10
Ac = -0.50 1n.

This value of AC = -0.50 indicates that Figure 28

should be used with

N,

- ¥ = o,
N1 + N2 L + 35

bl 3
Therefore from Figure 2U

e
-;1-—:1;; = 0.36

Calculating the value of e, + e from Equation (24)

2

(N, v NZ) (inv @' - inv ) (24)
2P tan @

ey + ep
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= L35 ¢ Ly ( -
2 x 10 x tan 20

1 + 32 = "0.0’*7‘*96 in.
Combining these results

e, = 0.36(01 + e2) = 0.36 x ~0.047496

e

e, = «0,017098 in.

and e, = (o1 + 02) - e1 = «0,047496+

e, = ~0,030397 in.
If the necessary equations are solved, the following
results will be obtained:

>
Rb1 Rd1

Ryo > By

XT‘ = 1.830 in.

x'l'2 = 20267 in.
Xd1 = 1,605 in.

Xd2 = 2.0"“2 in.

d1 = 00225 in.

d2 = 0022“‘ in.

h1 = 0,181 in.

h2 = 00166 in.



F = 35.530

These results show that the pinion and gear are
approximately equal in strength. For this particular
problem the stress in the pinion 1s 5.42 percent greater

than the stress in the gear.



V. CTHER APPROACHES

The primary purpose of this chapter is to give s summary
of two other attempts made during the course of this investi-
gation at developing a method for determining the hob offset.

The first attempt involved determining a relationship
relating e, and e, based on maximum contact ratio m,. Equation
(34) gives the formula for the contact ratic for nonstandard
gears. A computer program was written so that a secondary
relaticnship involving e, and e, could be determined on the
basis of maximum constant ratic corresponding to a pair of
gears in mesh at 5 given C',

A sample set of data is shown in Table 6 for two values
of R1 and varying values of N2 with the change in center
distance AC = 0.8575. The following conclusion can be drawn
by comparing the results of Table 6 to Equation (26):

Equation (26) indicates that for a given N,» e, shculd incresse
as H2 increases. When the selection of e, is based on maximum
contect ratic, e, decreases and becomes zero for increasing

values of N2 with a given N Equation (26) suggests favoring

10
the pinicn, whereas the meximum contact ratic method suggests
favoring the gear., For gears that transmit power, selecting

e, and e_ 80 a8 to favor the gear would be a mistake since

2
the strength of the stronger gear tocth would be further
increased over that of the pinion tooth. It was for this
reason that the contact methocd approach was abandoned as not

sultable.

72
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TAELE 6., CONTACT RATIO

P =1 ? = 20° AC = 0.875
N, = 18
c! o e, e2 e1‘ + e2 mp
15.875 26.35 . 507 . 507 1.01% 1. 2.6
19.875 26,06 b33 .57k 1.007 1,245
oL, 875 oL,g5 L7 .£35 982 1,329
274375 . 24, 5k . 039 Lo 3h <973 1-563
7L.87¢ 1.74 0 912 912 1.603
N1 = 25
c! B! ey e, e, + e2 mp
25.875 ol 78 . 489 L48¢ .97t 1.343
284375 oL, 4o <359 611 .970 1.376
334375 23.79 153 .803 .956 1.432
38, 375 23.2 . 009 937 46 1.1+79
L0.875 3.1 0 LSL2 942 1.499
78.375 21,49 0 .911 .911 1,641
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The second attempt invclved relating 01 and 32 based on
equal deflection of the pinion tocth and of the gear tooth
at the operating pitch point. Equation (86) gives the
formula for the deflection of an approximated gear tooth (as
shown in Figure 33) due to bending and shes¥ az devwluped by
Timcshenko and Baud (6).

4LF cospB
R 3(%,:)3 fGe-1 E-n- 1n(a/L)

+ + A -
3011 + a/L) (86)

The derivaticn of the necessary equations needed to sclve
Equation (36) are given in Appendix 3. Appendix B also
contains a flow chart for the computer program that was
written so that a secondary relationship involving e, and 62
could be determined on the basls of approximately equal
deflection of the pinicn tocth and of the gear tooth at the
cperating pitch point.

A typical set of data is shown in Tables 7, &, and 9
which has bheen taken from the computer progranm printout for
a change in center distance AC = 0.875. At first, it
appeared that the deflection methcd was the best method for
arriving at a secondary equation so that e, and '2 could be
solved. After further thought and analysis of the data,
however, it was decided that this method had the following

disadvantages: For a positive value of AC, Equation (26)
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TABLE 7. EQUAL DEFLECTICN, N, = 18 TC 55
1t g = 20° p = 0.303 o= AC = 0.875

L 4

SEb . °1

e e m e ————
1 2 ' €1 + ¢
| p Fn | 1 >
. 507 507 1.23 1.787 E
Lgs5 515 1.2k 1.791 9
Lk 523 1.24 1.795
L75 531 1.25 1.799% M71
63 53¢ 1.26 1.505 62
52 . 546 1.27 1.610 .hs;
L3 L5523 1,28 1,415 Lh5
sk . 559 1 29 1.620 J37
0142!-)( .566 049 1.625 .1+29
01*16 -_57_5 1-50 .UjO .Lf21
Lok - W57¢& 1.31 1.655 L1k
<501 .5k 1.31 1.840 407
371 . 60€ 1.3k 1.6k9 .380
. 365 . .h10 1.5% 1.854 <374
.352 .20 1.6 1,872 . 362
.3he .62 1,36 1,676 357
o3 .628 1.57 1.881 «352
+335 632 .37 1,68k . 346
«329 636 1.38 1.889 <3
.32k .640 1,30 1.693 336
0520 ) .6"’5 ‘ 10,‘)8 1.897 oj,jf_
31k 47 1.39 1.901 . 327
. 509 .651 1.39 1.904 322
.305 654 1.40 1.908& .31¢€
« 301 .657 1.40 1.912 .31k
. 296 660 1.4 1.915 .310
. 292 663 1.1 1.918 . 306
. 288 .666 1 41 1.922 .302
. 280 672 1.42 1.928 . 204
277 .67k 1043 1.931 . 291
.273 677 1.43 1.935 . 287
. 269 . 579 1.43 1.938 . 284
. 265 L6853 1.hh 1.9 . 280 .

A = 0.74593 b = -0.24hed C = -0.49436
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TAELE 8. EQUAL DEFLECTICN, N, = 56 TC 93
13 g = 20° B = 0.303 P = AC = 0.875

SEb €4
1 e.2 mp n e + €o
262 .6E5 1 hk 1.944 . 277
. 259 687 ..hh 1.946 274
. 256 .689 1.4k 1.94¢ 271
.252 692 1.%; 1.952 . 267
. 250 L6Ck 1.45 1.955 . 265
. 2L7 .696 1.45 1.957 .262
. 2Lk 658 1.46 1.960 .259
. 2k .700 1.46 1.962 . 256
02_3._ .70 10)'*6 1.965 odsj
.236 .70 1.47 1.967 . 251
.233 .706 1,47 1.970 Lohe
. 230 .709 1.47 1.972 . 245
. 228 710 1.47 1.974 243
. 225 .712 1 h& 1.976 . 240
’ 0C2_'$ .71}“*‘ 1 LYQ 1.979 023&
71 221 715 1.48 1.981 . 236
ne . 21Y 717 1.4t 1.983 «233
73 . 216 .719 1.49 1.985 «231
7k 21k .720 1.49 1.987 . 229
75 212 .721 1.49 1.989 «227
76 « 201 .723 1.49 1.9%1 . 225
77 « 208 <724 1.49 1.993 $223
7% . 206 726 1.50 1.995 . 221
80 , 202 .729 1.50 1.9%9 217
51 .« 200 .730 1.50 2.000 .215
&2 198 731 1.51 2,002 o213
83 1956 e 73 1.51 2.00k4 .21
o . 194 .73 1.51 . 2,006 . 209
.192 .736 1.51 2,007 . 207
.101 736 1.91 2.009 . 206
<19 758 1.51 2.011 . 20k
. 187 .739 1.52 2.012 . 202
-185 07?+1 105? 2.011',’ 0200
.15k <741 1.52 2.016 199 -
JAE2 743 1.52 2.017 197
S8 L7hk 1.52 2,019 ., 196
17 .7&5 1.53 2.020 .19k

= 0.74593 B = -0.04L6k C = -0.h9k36
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1"
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TABLE 9. EQUAL DEFLECTICN, N,
N,=18  g=20° p=0.303 F=1 AC=0.875

N e e m SEDb S -
2 . 1 2 p F e, +
n 1
ok 170 S L7h6 1.53 2.022 .193
99 76 L7547 1.53 2.023 101
96 .17, 7Lt 1.53 2.C25 +190
97 172 .749 1.523 2,026 168
Sl JA72 750 1.53 2,028 187
°¢ 170 . 751 1.53 2.029 JE5
100 . 169 C 752 1.54 2.030 18M
101 J1E8 .753 1.54 2.032 .183
102 167 .75k 1.54 2.03. J1E1
105 166 .755 - 1.54 2.03 180
104 . 164 .755 1.54 2,036 .179
10 .163 757 1.54 2.037 177
106 L1162 755 1.54 038 176
10'7 0161 0758 1.55 ¢:.O .17
108 160 760 1.55 R 17
109 .158 760 1.55 2 o042 172
110 .157 761 1.55 2.0k 171
1M1 156 J7E2 1.55 2.0k .170
112 158 762 1.55 2.045 169
13 154 .763 1.5% 2.046 168
11k <153 .76 1.56 2,047 167
115 .152 .76k 1.56 2,049 166
1€ .150 766 1.56 2.050 . 164
117 149 767 1.56 2.051 163
118 LAL8 .767 1.56 2.052 .162
119 k7 768 1.56 2.053 167
120 46 769 1.%6 5,05k “160
121 .1Lg 769 1.56 2,055 159
122 RN 770 1.57 2.056 158
12; .1#3 771 1.57 2.057 .157
12 .1)“2 -772 1-57 (0058 0156
125 JAL2 773 1.57 2.059 .158
126 AR .77 1.57 2,060 .15
127 JLC .77 1.57 2.061 «153
128 <139 774 1.57 2.062 152
12 .1'29 . o77 10 7 2O06 0152
130 .138 .775 1.57 2.06 151

A = 0.7%593 E = -0.,2hL6k C = -0.49436



76

indicates that as N2 increases, e, should increase as should

the ratio 01/(01 + az). An examination of the data in

Tables 7, 4, and 9 shows that fust the opposite is true when

the relationship between e, and e, is based on equal deflection.
At first, it was felt that perhaps the guideline given

by Equation (26) was in error. The reasoning behind the

guideline given by Equation (26) was to favor the pinicn as

far as strength is concerned by increasing the thickness of

the pinion tooth. This led to the question "Doces equal

deflection cf the teeth at the operating pitch point necess-

arily mean that the gears are of equal strength?" To

determine the answer, a simple stress analysis was made of

gears hypothetically cut using the hob offsets e, and e,

indicated in Tables 7, &, and 9. The formula used for this

purpose 1s the one used to calculate the bending stress of

the tcoth.
F

8 = E%E (35)

Kinsman (3) has developed a series of charts that give the
Lewis factor as a function of the values of e, und e, with
the load applied a distance 1/P from the end of the tooth.

It was assumed that the distance 1/} placed the load approxi-
mately at the operating pitch point. With this assumption,

and knowing the values of e, and e., the Lewis factor for

2
the pinion and gear were found from Xinsman's charts. The

stresses of the pinion and the gear were calculated for a
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number of hypothetical gear meshes. It was found that the
stress in the pinicn was 30 to 50 percent greater than that
in the gear, indicating that the pinion was weaker.

This method is not considered suitable for power gearing
because of the great difference in strength caused by the
fact that the thickness of the gear tooth is increased instead
of that of the pinion tooth. This methcd mey, however, have
considerable application in the precision gear field where

power transmission is not the main concern and loads are low.



VI. CONCLUSIONS

The following conclusions concerning the method for
determining the hob offset cf the pinion and of the gear
can be reached as a result of this investigation:

a. The equation needed sc that e, and e, can be
determined explicitly should be based on approximately
equal bending tooth stresses of the pinion and of the gear
with the load applied at the tip.

b. The separation of e, + e, into values of e, and e,
should not be based on maximum contact ratio or on equal
tooth deflections at the operating pitch point for power
gearing applications.

¢. Figures 12 through 34 can be used as an efficient
method for obtaining the equation needed to solve for the
hob offset of the pinion e, and the hob offset of the

gear e..

&0



VII. RECOMMENDATICNS

The following recommendations are made with respect
to further work in determining the hob offset of the pinion
and of the gear required for the gears to operate properly
at the required center distance.

a. Develop a method of finding e, and e, based on
equal stress for fine pitch gears that will not result in
large volumes of output due to the fact that diametral pitch
must be included.

b. Develop a chart or table giving the Lewis factor
for nonstandard gears as a function of ey and e, with the
load applied at the tip.

c. Run an investigation to determine if finding e, and
e, based on equal deflections is a suitable method when the
gear set is for precision gearing application.

d. Expand the plots given in Chapter IV to include the
stress factor and contact ratio as a function of the velocity

ratio.
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APPENDIX A

Computer Program for Determining Hod
(ffset Based on Equal Strength



85

IMPLICIT REAL*8(A-H,0-2)
- RFEAL*8 INVOC,INVOO,K,N1,N2,L,L1,
51 RFAD(5,52) DC
52 FORMAT (D7.5)
XYZ=0.0D0
IFIDC.EQ.XYZ) GO TO 9
RTN=57.2957795130824
PI1=3,14159265358979
S$X=0.,0D00
“Sy=0.000
SXY=0.0D0
$XSQ=0.0D0
GEAR DATA
N1=18,0D0
N2=18 ,00D0
EN1=19,0D0
FN2=131.,0D0
P=1.000
DELC=DC /P
K=1.0DO
CLEARANCE FOR COARSE PITCH GEARS
CL=0.25000/P
CUTTING PRESSURE ANGLE RADIANS
0C=20.0D0/RTD
INVOC=DTAN(OC)-0C
CS=INVOC
BEAM DATA
PO1=0.303D0
FN=1,000
B=1.000
CUTTING PRESSURE ANGLE DEGREES
A’OC*RTD
LP P
WRITE (6,29)
29 FORMATY (YHY $IX//77777777 46X 463HBASED ON APPRDXIMATELY EQUAL BEAN T
100TH STRESS AT BEAM BASE FOR)
WRITE (6,30) :
30 FORMAT (8X,S5THPINION AND GEAR WITH LOAD APPLIED AY THE TIP OF THE
LTNOTH///77) '
WRITE (6431) LP,yA
31 FORMAT (22X44HP = ,T11418X44HD = 4F5.2//7)
WRITE (6,32) POI,DFLC ' '
32 FORMAT (22X 46HPOI = ¢yFSe3514X4HC = 4,FS.3)
T LN1=N1 ’
LK=1001
1J=1
700 CONTINUE
M=1
WRITE (6,34) LNI
34 FORMAT (1H1,43X,5HN]1 = ,13/7/)
WRITE (6,35)
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35 FORMAT (11X,2HN2y6X92HCY 9 TX92HO® 9 TX 92HEL 98X 9 2HE2 ¢ T Xy SHEL+E2, TXy 2HM
1Py 3X4 13HAVSTRESS*B/FN/)
STD CENTER DISTANCE

400 C={(N1+N2)/(2. ODO*P)

"NONSTANDARD CENTER DISTANCE

CN=C+DELC

OPERATING PRESSURE ANGLE RADIANS
- Q0=NARCOS{(C/CN)*DCOSI(DC))
INVOO=DTAN(0OC)-00

NPERATING PRESSURE ANGLE DEGREES

F=00*RTD

CUTTING PITCH RADIUS

R1=N1/{2.0D0%P) '

R2=N2/(2.0D0*P)

STANDARD CIRCULAR PITCH

cP=pP1/P

OPERATING PITCH RADIUS

R10O=(NIZIN1+N2))XCN

R20=[N2/{N1+N2) ) *CN

BASE CIRCLE RADIUS

RB1=R1%*DCOS(0C)

RB2=R2%DCCS(0OC)

BASE PITCH

PB=2.0D0*P I*RBI /NI

VALUE OF E1+F?
ET-((N1+N2)#(INvoo—rNVOC))/tz.ooo*P*orAN(OC))
DIMENSION STSA2(1001),STSB1(1001),AMP(1001),EL(1001),E2(1001)
"DIMENSICN ZZ(1001),Y(I0C1),X(1001),XY(1001),XSQ(1001)
DIMENSION AX(1001),AY(1001)

DO 10 I=1,LK

J=1-1

=J/1000.000

E1(I)=W*ET .

E201)=(1.0DO-W)*ET

NONSTD OUTSIDE RADIUS
ROIN=CN-R2-E2{ 1) +K/P.

RNO2N=CN-R1-E1( 1) +K/P

DEPTH OF CUT ‘

HT=RO1N+RO2N-CN+CL

NONSTD DEDFNDUM CIRCLE RADIUS

RDLN=RO1N-HT

RD2N=RO2N-HT

NONSTD LENGTH OF ACTION

IN=DSORT ( (ROTN*%*2 ) =R B1 %%2 ) +DSQRT( (RO2N*%2)~RB2%%2 )~CN*DSIN(0O)
THICKNESS OF TOOTH ON CUTTING PITCH CIRCLE
T1=2.0D0%F1{ I)%DTAN{OC)+CP/2.0N0
T2=2,0D0*E2(1)*DTAN{OC) +CP/2.0DO

POINT B ON GECAR NO 1

PHR1=DARCOS (RB1/ROLN)
VPHB1=DTAN(PHB1)-PHB1
ALBL=(T1/(2.0D0*R1))+INVOC-VPHB1
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BTBR1=PHB1-ALB1

POINT A ON CEAR NO 2
PHA2=DARCOS(RB2/R0O2N)

A2 INV=DTAN(PHA2)-PHA2
ALA2=(T2/(2.0D0*R2)I+INVOC-A2 INV
BTA?=PHA2-ALA2

COORDINATES XT AND YT OF TOOTH TIP T
Cll= DARCOS((RlO/RClN)*DCOS(ODi)

C12=DARCOS( (R20/R0O2N) *NCOS( 00) )

C21=DTAN(C11)-Cl1

C22=DTAN{(C12)-C12

C41=RO1N

C42=RO2N

YT1=C41%DSIN((T1/(2.0D0%R1))+C5-C21)

YT2=C42*DSIN((T2/(2.0D0%R2))+C5-C22)

XT1=C41%DCOS((T1/(2.0D0%R1))1+C5-C21)

XT2=C42%¥NCOS((T2/(2.0D0%R2) ) +C5-C22)

[F(RB1.GT.RDIN) GO TO 699

IFIRB1.LE.RDIN) GG TO 701

FOR BASE RADIUS GREATER THAN DEDENDUM RADIUS
699 THETA1=2,000%((T1/(2.0D0%R1))+INVOC)

" H1=2.0D0#*RDIN*DSIN{THETA1/2.000)

XD1=RD1N*DCOS (THETA1/2.000)

D1=XT1-XD1

60 TO 702

FOR BASE RADIUS LESS THAN OR EQUAL TO DEDENDUM RADIUS
701 ND1=DARCCS((R1/RDIN)*DCOS(OC))

.~ DDINVI=CTAN(0OD1)-0D1
THETA1=2.0DO*({T1/{2.000%R1))+INVOC-ODINVL )
H1=2.0D0*RDINXDSIN{ THETA1/2.0D00)

XD1=RD1 N&DCOS (THETAL/2.000)
D1=XT1-XD1
702 CONTINUE
" IF(RB2.GT.RD2N) GO TO 703
IF(RB2.LE.RD2N) GO TO 704 ,
| FOR BASE RADIUS GREATER THAN DEDENDUM RADIUS”
703 THETA2=2.0D0*((T2/(2.000%R2))+INVOC)
. H2=2.0DO*RD2N*DSIN(THETA2/2.0D0)
XN2=RD2N*DCOS(THETA2/2.0D0)
D2=XT2-XD2 T
G0 TO 705 | |
FOP BASE RADIUS LESS THAN OR EQUAL TO DEDENDUM RADIUS
/704 0D2=DARCOS({R2/RD2N)*DCOSIAC) ) |
: ODINV2=DTAN{0D2)-0D2
THETA2=2.0D0*((T2/(2.000%R2))+INVCC~-CDINV2 )
H2=2 .,0DO*RD2N*D SIN{ THETA2/2.0D0)
XD2=RD2N*DCOS (THETA2/2.0D0)
D2=XT2-XD2
705 CONTINUE
STRESS AT BEAM TOOTH BASE WITH LOAD AT TCOOTH TIP
 STSBL{I1)=(6.0D0%FN#DCOS{BTBL)I*D1)/ (BkH] *%2)
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STSA2{I)={(6.000*FN*DCOS(BTA2)*D2)/(BEH2¥%2)
ZZ(I)=DABS(STSA2(I}-STSB1(1))
CONTACT RATIO
AMP(I)=IN/PB

10 CONTINUE
IX=21(1)
DG 99 I=1,LK
IF(ZX-772(1)) 99,97,97

97 I1=1
IX=71(1)

99 CONTINUE
AV=(STSA2(IT)+STSB1(II))/2.0D"

LN2=N2
KK=[1-1
AXTTJ)=N2/(NL+N2)
AY(T J)=KK/1000,.0D0
WRITE (6436) LNZ,CN!FtEl(II),EZ‘II’QFT'ANP(II"AV’AY(IJ’
36 FORMAT (10Xs I3, 3XeFTe3e3XoFba3y3XgF 7a593XeFTe593X9FTe593X9FTe5:3Xy
1F8.5+10X4F6.4) :
 IF({TJNELS5) GO TO 500
PQR=0.50D0
IF(AY(S)QLT-PQR) GO 70 9
500 N2=N2+1.0D0
T IF(N2.EQ.EN2) GO TO 8
1J=1J+1
M=M+1
LK=KK+15
[F(LK.GT.1001) GO TO 313
GO TO 314 i
313 LKX=1001
314 CONTINUE .
T IF(M.EQ.51) GD TO 700
GN TO 400
8 CONTINUE
1J=1
NN 15 1=1,113
X{19)=AX{1)
Y(TIJ)=AY(])
XY{IL W) =Y{TJ)V*X(1J)
XSQUIJI=X(1Jd)%*%2
SX=SX+X(1J)
SY=SY+¥(1J)
SXY=SXY+XY(1J)
SXSQ=SXSQ+XSQ(IJ)
1J=1J+1
15 CUNTINUE
AN=113,000
BM={SXY~=[SXXSY)/AN}/ {SXSQ={SX*%2)/AN)
Y3AR=SY /AN
XBAR=SX /AN
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AT=YBAR-BM*XBAR
WRITE(6,54) AT,BM,DELC,AT,BM '
54 FORMAT (1H1,10X94HA = oF9.5/7911X94HB = 4F9.5//4911Xe5H C = 4F9.5//

Lo 11Xy 2THET/(EL+E2)=A+B*IN2/INL+N2))// 411X 11HEL/(EL1+F2)=4F9.5, 1H+,
2F9.54s11HEN2/ (N1 +N2}))

WRITE(T7,875) Al,BM,DELC
875 FORMAT (2F83.5)
WRITE(7,876) (AX(IJ),1J=1,113)
876 FORMAT (10F7.4)
WRITE(7,877) (AY(IJ),1Jd=1,113)
877 FORMAT (10F6.3)
N1=N1+1.00D0 '
IFINL.EQ.EN1) GO TD 51
N2=N1
GO TO 7
9 STOP
END



APPENDIX B
Hodb Cffset Based on Equal Deflection
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In applying the results of Furrow's (&) investigation

to nonstandard gears, it was decided to use Furrow's method
of approximating the gear tocth by constructing a plane
surface through the tooth tip and the operating pitch point
as shown in Figure 33. The dimensions of the beam can then
be derived in terms of kncwn or assumed gear parameters. The
thickness on the cutting pitch circle is given by

t = 2e tan P + p/2 (19
and the thickness on the cperating pitch circle is

£ = 2&*0%5 + inv @ - inv B')

which is equal to the arc length Sy.
The arc angle Xp 1is

Spog

O(P = R =

Upon substitution of t!
= - '
°(P~2(-§-ﬁ+inv¢ inv 2')

The cord length Cp 1s
Cp = 2R' sin («p/z)

or Cp = 2R' sin(¥z + inv g - inv 9')

The ¥y coordinate of the cperating pitch point is then

YP = CP/2

or Y, = R ain(-%ﬁ + inv @ - inv @') (64)



g2

 Xpp

FIGURE 33 TAPER BEAM MODEL
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The x coordinate of the operating pitch point is
Xp = R' cos (%p/2)
or X, = R! cos(%ﬁ + inv @ - inv 9') (65)

where t is given by Equation (19).

The tooth thickness at the tip of the tooth is
tp = 2R\ (& + inv ' - inv @) (48)

which is equal to the arc length Sq. The base circle radius
is given by
Rb = R' cos @' = Ré cos ”T

Therefore, By = cos"(%é cos @') (49)
Let C1 = @y (50)
C2 = inv @p = tan C1 - C1 (51)
By Equation (17)
t' = 2R'(3z + 1nv @ - inv B') (52)

Substituting Equations (51 and 52) into Equation (48)
ty = 2R50§§ + inv @ - C2)

Then the arc angle °‘T is
S t

i

o)

A

which on substitution of tT is

= ot -
X 2(2R + inv @ - C2)
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The cord length at the tooth tip is given bY
Cp = ERé sin («le)

or Cp = QRé sin (éﬁ + inv @ - C2)

Defining Ch = Ré
and C5 =1inv @
CT can be expressed as

Cp = 2k sin (dg + ©5 - c2)

The ¥ coordinate of the tooth tip is then
erjc,r

or Y, = C4 sin (-gg + C§ - C2)

The x cocrdinate for the line A can now be developed.

anelytic geometry

Y.Y Y -
T=_P
- % Xp - X

Defining the slope of line £ as m3

Y -Y
m=b T
=%

which on substitution into Equation (6¢) gives

Yz- Y
mi + T+ lnX,r

Let b= Yo+ mky

Therefore, ¥ = «mX + b

(66)
(67)

(68)

From

(69)

(70)
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Letting X = X, and Y = Y,, Equation (70) becomes

P2
sz = -mxp2 + b
But Yp, = 0 (71)
and XPZ = g ; (72)
Letting X = X,, and Y = Yp1 Equation (70) then becomes
Yo, = -mxm +Db (a)

From Figure 33

2 L y2 )2
X1 * b1 = B4 (b)

Squaring Equation (a) and substituting into Equation (b)
and solving for XP1’ the following results:

-2bm) 2 2y (2
X, - 2mb + JQ 2bm) € - 4(1 + m%) (b° - Eiil 73)

2(1 + mZ)

The ¥ coordinate of point 1 is now given by Equation (a)
Y, = -k, + b (74)

Knowing the x coordinates of P2 and P1, the beam length can
be defined as

L=X,, - xy1 (75)

From Figure 33 it is seen that
YP‘I = 4 Ho

or H, = 2Y§1 (76)



96

The angle | is defined as

H
Tz sin™'(=%) (77)
2Ré
Therefore, the x distance from the origin O to the point F1 is
= R! 8
XOP1 Rd cos (T) (78)
XOP1 is equal to XP1 and is shown here because it was used

in the computer program.

Figure 34 shows two nonstandard gears in mesh at the
instant when the teeth are in contact with each other at the
operating pitch point.

The angle between 01P and the pinion tooth centerline is

ti/2
1
XP1 = R!
’
t1 .
t = L e -
where t1 21%1(21;‘1 + inv @ - inv @')
and t, = .?e1 tan @ + p/2
t
Therefore Y., = s E inv @ - inv g (79)
1 2R1

The distance along the pinicn tooth centerline of the tooth
to a point on the centerline corresponding to the operating
pitch point is (see distance hy, Figure 33)

- R; cos(¥P1) (80)

= R!
hP1 = Ro

1

The angle between the normal and tangential load for the
pinion is
ﬁp-‘ = ﬂ' - XP‘ (81)
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FIGURE 34 -
MESH AT OPERATING PITCH POINT
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The angle between 02P and the tocoth centerline of the

gear is
t'fZ
8.0 = R!
2
{ ] ] t ]
where t2 = 232(2 2 + inv @ ~ inv g°')
and t2 = 232 tan @ + p/2
t
Therefore XPQ = 5%; + inv @ - inv @ (82)

The distance along the gear tooth centerline of the tooth to
a point on the centerline corresponding to the operating
pitch point i1s (see distance hP’ Figure 33) '
t o Rt ;
h o= R}, Rz cos (sz) (€3)

The angle between the normal and tangential load is
‘Bpa =9 - ng (84)
The distance "a" shown in Figure 33 can now be defined as
a=L+X0P1-R$+hP (85)

where hP is given by either Equaticn (&C) cr Equaticn (&3).
Timoshenko and Baud's (6) equation for the deflection
of an approximated gear tocth (as shown in Figure 33) due to

bending and shear can be shown to be

LF cos -
8: n lB 3(#{;)3 B(B - i) (% - 1) + ln(;‘}‘é]

Eb
+ Q-A - (86)
H°i1 + a/L)




where b is the face width and X is Poisson's ratio.
A computer program was written which would determine the

value of ey and e, to give equal or nesrly equal tooth

2
deflections measured at the operating pitch circle. The
program was written for coarse pitch gears with a cutting
pressure angle @ of 20 degrees. A diametral pitch P of 1
was assumed since the deflection is independent of the
pitch. Polisson's ratio was taken as 0.303.

Figure 35 shows a flow chart giving the primary logic

of the program. The program is also listed.
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- -\ Read AC
1

'Calculate gear narameters which
‘were neceded and which were not
‘dependent on ey and ep.

1
| B
ﬂCalculate ?1Wf,?2“i ep.
e .1hw, B
- Define: ;
ﬁ e1J=mxeT

!

|
]

J
e%Jf (1 - TQUU) X eT

T
i

'Calculate necessary data for
substitution into Equation (86).]

-~
,/ N
_No_~ IS N YES
‘\{\= 1001~
~._

—

'Compare gear deflection and !
’pinion deflection and find which

——

'
Store calculated
gear deflection
along with e, and

the calculated
pinion deflection
along with eq.

iset were equal or approximately
.equal.ﬁw;w

 Sa—

K\Print output/7 ' ¥
X Store: 2
N0 IS \ YES N N, + N
\2 131/ e
‘ yn e + e
Pind cbefficienﬁémdf enuation § }
]

A + Bx + Cx

L=

S .
“\Printed and punched card output.-

S

- INext AC]

" FIGURE 35,

FLOW DIAGRAM
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IMPLICIT REAL*8(A-H,0-2)
REAL INVOC,yKyNLyN2,INVOO,LyL1,L2

EQUAT ION FOR BENDING
FNCT(BTPT,HO,L4APT) =

AND SHEAR DEFLECTION
((Q.uDu*FNiﬂC“S(BTPT))/(‘*B!)*((3.“0!*((L/HO’*

1431 )1 %(Ge 5000 *( 3. UDC-APT/L)*{LAPT/L)=1e0DCI+DLOG(1oCDG/CAPT/ZL) ) )+ (L
2{1.0D0+POI)*(L-APT) )/ (HO*(1auDC+APT/L))Y)

51 READ(5,52) DC
52 FORMAT (D7.5)
XYZ=(e (DO

[IF(DC.EQeXYZ) GU TO 9

RTD=5T74295T7T79513(824
PI=3414153265358979
SX=0.0D0

SY=0,000

SXY=(,0DC

SXSQ=04300

GEAR DATA

N1=18,000

N2=18,0DC

EN1=19,100
EN2=131,.,0D%.

P=1,0D0

DELC=DC/P

K=1.000

CLEARANCE FOR CUARSE
CL=0G.250D0/P

PITCH GEARS

CUTTING PRESSURE ANGLE RADIANS

0C=20,0D00/RTD
INVOC=DTAN(OC)-0C
C5=INVOC

BEAM DATA
PUI=0+303D0
FN=1.0D0

3=1.000

F=1.0D0

CUTTING PRESSURE ANGLE DEGREES

A=0C*RTD
LP=P
WRITE (6429)

29 FORMAT (1HL 41X////////77411%453HBASED ON APPROXIMATELY EQUAL DEFLE

ICTIUN OF THE PINION)
WRITE (6430)

37 FORMAT (22X,31HAND THE GEAR AT ' THE PITCH PDINT/////)

WRITE (6,31) LP,A
31 FORMAT (22X ,4HP = ,1

1,18X94H0 = ,F542//)

WRITE (6,32) POI,DELC

32 FORMAT (22X, 6HPOI =
7 LN1=N1
LK=1001
1J=1
770 CONTINUE

'FS. 3' 14X,4HC = 1F5. 3)
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M=1
WRITE (6,34) LN1

34 FORMAT (1H1,43X,5HNL = ,13//)
WRITE (6,35)

35 FORMAT (IIX,ZHNZ 6X, 2HC‘.7X,2H(1'17X 2HEL oBX 9 2HE2 ¢ TX 9SHE14E 2,y TX,y 2HM
1P, 3X, 13HE*B*AVDBSP/FN/)

STD CENTER DISTANCE
400 C=(NL+N2) /(2. 0DO%P)
NONSTANDARD CENTER DISTANCE
CN=C+DELC
APERATING PRESSURE ANGLE RADIANS
00=DARCOS { (C/CN)*DCOS(0C))
INVOO=DT AN( 00)-00
OPERATING PRESSURE ANGLE DEGREES
F=00*RTD
- CUTTING PITCH RADIUS
R1=N1/{2.0DC*P)
R2=N2/ (2 .0DC*P )
STANDARD CIRCULAR PITCH
CP=PI/P |
NPERATING PITCH RADIUS
RLO=(NL/{NL+N2) )*CN
R20=(N2/(N1+N2) ) *CN
BASE CIRCLE RADIUS
RB1=R1%DCOS(0C)
RR2=R2¥DCOS(OC)
BASE PITCH
PB=2,0D0%PI*RBL/N1
VALUE OF EL+E2 o
ET=(({NL+N2)*( INVOO-INVOC) )/ (2.CDr*P*DTAN(OC) )
DIMENSION DBSP1(1001),DBSP2(1901),AMP(1G01),EL(1001),E2(1001)
DIMENSION 27(1661),Y (10011, X (1001) XY(100 L), XSQU1051)
DIMENSION AX (10OL),AY (1001)
PO 10 I=1,LK.
J=1-1
W=J/10600.000
ELCI)=WekET
F2(1)=(1.0DC=-W)*ET
NONSTD QUTSIDE RADIUS
ROIN=CN=-R2-E2( 1) +K/P
RO2N=CN-R1 =E1 { 1) +K/P
DEPTH OF CUT
HT=RO1N+RO2N-CN+CL
NONSTD DEDENDUM CIRCLE RADIUS
RD1IN=ROLN-HT
RD2N=R(2 N=HT
NONSTD LENGTH OF ACTION
=05 QRT { {RNIN*%; %2 ) +DSQRT((RO2N**2) ~RB2#%2) - CN*DSIN(ODD
PHBI=DARCUS(RBL /ROIN) | T '
DEL1=9U.NDO/RTD=PHBIL OM 11
PHA2=DARCOS (RB2/RI2N)
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SHTCKNESS TF TOOTH ON CUTTING PITCH CIRCLE

T1=2.0D0%CE1L{I)%DTAN(QC)I+CP/2,0D0"
T2=2e7DN%E2 { 1)XDTAN(UC) +CP/ 2,7 D"
POINT P ON GEAR NO 1
ALPL=T1/ (2 .6iDO*R1)+INVOC- INVDD
HP1=ROLN-R1 0*DCNS (ALPL)
RTP1=00-ALP1
POINT P ON GEAR NO 2
ALP2=T2/42.,(D0%R2)+INVOC-INVOO
HP2=RO2N=-R20%DCUS (ALP2)
BTP2=00-ALP2 '
COORDINATES XP AND YP QF PITCH POINT P
YP1=R10*DSIN(T1/(2.007%R1)+INVOC-INVOD)
YP2=R20¥DSIN(T2/(2.UD0:*R2)+INVOC-INVOO)
XP1=R10*DCOS(TL/(2,0D3%R1)+INVOC-INVO()
XP2=R20%DCOS(T2/ {20DG%R2 )+ INVOC-INVIQ)
COORDINATES XT AND YT OF TOOTH TIiP T
Cl1=DARCOS((RIO/RUIN)I*DCOS{UN))
C12=DARCOS((R20Q/RO2N)%«DCDS (0N))
C21=DTAN(C11)-C1l1 /
€C22=DTAN(C12)-C12
C41=ROIN
C42=R0O2N
YT1=C41*DSIN(TL/(2.3DU*R1)+L5-C21)
YT2=C42%DSINIT2/(2.0D0*%R2)+C5-C22)
XT1=C41%¥DCOS(TL/(2.LD*R1L)+C5-C21)
XT2=C42%DCOS(T2/(2.0Di1%R2)+(5-C22)
COORDINATES XP2 AND YP2 OF POINT P2
SLP1=(YP1-YT1)/{(XP1l-XT1)
SLP2=(YP2-YT2)/(XP2-XT2)
Bl=YT1-SLP1*XT1
B2=YT2-SLP2%XT2
XP21=-B1/SLP1
XP22=-B2/SLP2
COORDINATES XP1 AND YP1 OF POINT Pl

XPL1={(=2.0DO*SLPL*BL)+DSQRT(( (2,:DD:SLPI%B1)**2) -4, (D
L1%%2 ) % ((Bl*%2)~RDIN%*¥2)) )/ (2,0D0% (17D +SLPL*%2))

sx(le ODC+SLP

XPL2=((=2.0D0*%SLP2*¥B2)+DSQRT({ (2. QDC*SLP24B2)*%2) =4 UDU*(1,0DU+SLP

12%%2) % ((B2%%2)-RD2N*%*2)) )/ (2.N1D0O%{ 100D +SLP2%%2) )

YP11=SLP1¥XP11+Bl
YP12=SLP2#XP12+82

TAPER BEAM LENGTH LENGTH L
L1l=XP21-XP11

L2=XP22~XPL2

VALUE OF HD

HO1=2,0D0%YP11

HO2=2 4 UDOXYP12

ANGLE TAU

TAU1=DARS IN(HOL/ (2.0D0*RD1IN) )
TAU2=DARSIN(HO2 /(2.3 0% *RD2N) )
DISTANCE FROM GEAR CENTER TO POINT Pl
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XOPL1=RD1IN=DCOS(TAUL)
XOP12=RD2N*DCOS(TAU2)

DISTANCE *A* TO POINT P AND B MEASURED FRUM APEX
AP1=L1+XOPL1-ROLN+HP1

AP2 =12+ X0OP12-RO2N+HP2

BENDING AND SHEAR DEFLECTION
OBSPLAI)=FNCT(RTP1,HOLl,L1,AP 1)
DBSP2(I)=FNCT(BTP2,HU2,+L2,AP2)
ZZ(1)=DABS(DBSPL(I)-DRSP2(I))
CONTACT RATIOD

AMP(T)=IN/PB

10 CONTINUE
IX=2211)

DO 99 I=1,LK
IF(ZX=-22(1)) 99,97,97

97 I1=1I
IX=22(1)

99 CONTINUE
AV=(DBSPL(ITI)+DBSP2(I1))/2.11D0
LN2=N2
KK=T[-1
AX({TJ)I=N2/(NL1+N2)
AY(1J)=KK/1COUe{:D0 )
WRIT. (6436) LN24yCNyFoEL(LI)yE2(IT)ETLAMPIIT ), AV,AY(]J)

36 FORMAT (10X I343X9FTe393X s Fb6e3 03X 4FTe593X3FTa543X9FTe593X3FT7e593X%,

lFBOS' IOX' Fé)."’,
N2=N2+1,00D1,
IF{N2.EQ.EN2) GO TO 8
IJd=1J+1
M=M+1
LK=KK+15 .
[F(M,FQe51) GO TO 770
GO TO 400
8 CONTINUE
1J=1
NO 15 I=2,113
X{I1J)=AX{I)
Y1 =(AY(I)-AY (1) )/7 (AX(T)=-AX(1))
XY(IJ)=Y(1JIxX(TJ)
XSOUIJI=X{1J)%%2
SX=SX+X(1J)
SY=SY+Y{(1J)
SXY=SXY+XY{1J)
SXSQ=SXSQ+XSQ(TIJ)
[J=1J+1

15 CONTINUE
AN=112.0D0 v :
C=(SXY={SXxSY)/AN} /(SXSQ-(SX*%x2)/AN)
YBAR=SY/AN
XBAR=SX/AN
WA=YBAR-C*XBAR
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G=WA-CxAX(1)
H=AY( 1)-G*AX(1)-(C*AX(1)%%2)
WRITE(6,54) HyGyCyHyG,C
54 FORMAT (lHl,lGX,4HA = ,FQQS//'II X,QHB = 'FQOS//'IIX’(fHC = ,FQ.S//Q
111X 43HEL/(EL+E2)=A+BAN2/(N1+N2)+C*(NZ2/(NL+N2)*%*2)//,11X,11HEL/(E]
2+E2) = yFBe5 91l XoFBe5 s 1L1HAN2/ (NL+N2) 4F865, 15H*(N2/(N1+N2) **2)
WRITE(T7,875) HyGoC o DELC :
875 FORMAT (4F8.5)
WRITE(7,876) (AX(IJ),1J=1,113)
876 FORMAT (1l0OF7.4) ‘
WRITE(T7,877) (AY(1J),1J=1,113)
877 FORMAT (10F6.3)
N1=N1+1. CD®
IFINL1.EQ.EN1) GO TO 51
N2 =N1
60 TO 7

TQP
D

0
mw
4



A SIMPLIFIED METHCD FOR DETERMININC HCB OFPFSET VALUES
IN THE DESICN OF HONSTANDARD SPUR GEARS
(Edward James Walsh 1I)

Abstract

A typical problem which a mechanical designer might
encounter concerns the design of a set of spur gears for a
predetermined center distsnce which is nct considered
standard. The design of these gears can be accomplished bY
determining the value that a standard cutter can be moved in
or withdrawn from its normal cutting position such that when
the pinion and gear are cut, they will operate at the required
center distance when meshed together. The design problem,
however, is trying to establish what values of cutter offset
should be used to cut the pinion and the gear so that the
standard cutter may be used.

Several authors have shown the derivation for a mathe~
matically correct relationship which will give the gum of
- the hodb offsets for the piniocn and the gear. The major
problem 1s thet there is no second mathematical expression
whereby it is possible to solve explicitly for either the
hob offset of the pinion cr the hob offset of the gear,

Accordingly, the object of this investigation was to
develop a method for determining the hob offset of the
pinion and of the gear so that the gears would operate

properly at the required predetermined center distance.



The following result can be reached from this investiga-~
ticn:s The equation needed so that the hob offsets, ey and e,
can be determined explicitly should be based on approximately
equal bending tooth stresses of the pinion and of the gear
with the load applied at the tip of the tooth.
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