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Bearing Loads Due to ]
SPIRAL BEVEL GEARING

The pinion may rotate clockwise or counter-clockwise {viewed from power
input end) and the gears may be cut with left-hand or right-hand spiral. The H
following combinations are therefore possible :

Pinion rotating clockwise with left-hand spiral.

Finion rotating clockwise with right-hand spiral.

Pinion rotating counter-clockwise with left-hand spiral,
Pinion rotating counter-clockwise with right-hand spiral.

o B m e

Condition 1 is commonly used, especially for the forward drive in automo-
bile rear axles, in which case reverse drive gives condition 3. The diagram “
below illustrates condition 1.

Loads are imposed on the bearings by the three components of force E
(normal to the driving tooth contact). The first, P, is directed vertically: the
second, Tg, horizontally, both being in a plane at right angles to the pinion
shaft. The third, T,, is parallel to the pinion axis. For derivation of these
components, see page 44. H

_. | ~ y J \ : : .
. i P
Speed Change
., Number of teeth in pinion
i, = N X e et gear
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SPIRAL BEVEL GEARING

H.P. x 6302
Q =. EN—H = TORQUE INPUT, Ibs, inches, where H.P. = horsepower
transmitted and N = revolutions per minute of pinion.
P = Q = TANGENTIAL FORCE, where

Ty
r; = Mean pinion pitch radius in inches = 1 (pinion pitch di-
ameter — tooth face x 3in #), angle 3 being defined below.
Mumber of teeth in gear

Mumber of teeth in pinlon

rs = Mean gear pitch radius = r; x
a« = TOOTH PRESSURE ANGLE.
g = 1 PINION PITCH CONE ANGLE =,

y = BPIRAL ANGLE.
The values of pinion thrust, T,, and gear thrust, T, are derived from the
ahove data for the four possible combinations as follows:

Mumber of teeth in piniun

tan-1
Number of teeth in gear

H—HHHMMI

R.H. SPIRAL J
| —EE* Ty =.'E'(t——ﬂﬂ'ﬂsmJB —-tﬂhvmsﬁ)
CLOCKWISE cosy
LH, SPIRAL tan
E%‘- To = P55y s + tanysmp)
C. CLOCKWISE
L.H SPIRAL
—&#‘- tan  sin 8
T = Pt S Rl e
CLOCKWISE S ¥ e ARy ooR )
R.H. SPIRAL "
'El;.'_;éﬁ‘ T;=P(j$a—ﬁ —-ta.n-,-sin,ﬂ)
€. CLOCKWISE LS
Mote: Positive sign (4) indicates thrust direction away from center,
MNegative gign {(—) indicates thrust direction toward center.
Due to on Brg, I on Brg. 11
a BEARING LOADS a+hb
P E! Y =P i rnto = Pu
i a+b
Tg Tu% = T Ta b = Tan
T r i
T]:- TFTI.:UI Trle :L_UI
Total REad.
Load \'I;‘Pi:a + (Tg — U}t =By -"L«"rP]Iﬂ + (Ton — Ug)®
Thrust Load Ty
Tﬂt.ﬂ.l LD.E.-E] .‘,u'erpﬂ - H:z -'H'IJIF"“_2 _+_ {Tﬁ[[ sy Un}“
Due to on Brg. I11 on Brg. IV
d C
" L
P e AR e
T, Tyt = Yy —p.=y
. “e+d” ™ *ec+d " =
T Ty =T Ty =T
P P+ d P dad
Total Rad.
Load VPum* + (U + Tem)®? = Rm VPr? + (U — Ty )®
Thrust Load Ty
Total Load VT2 + B® VPr? + (U — Tew)?
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Bearing Loads Due to - H
HYPOID GEARING

In appearance, hypoid gears are similar to spiral bevel gears; the distine-
tion lies in the fact that while the pinion is being generated by the gear form,
it is held in an off-set position, so that the axes of gear and pinion do not inter-
sect. The direction of the off-set determines the hand of the spiral. In the
diagram and the calculations based thereon, the left-hand spiral pinion, as com-
monly applied to automotive rear axles, is selected, with the pinion axis dropped
from 1% to 314 inches from the horizontal axis of the ring gear.

The tooth action of hypoid gears combines the rolling action of spiral bevel
gears with a percentage of endwise sliding. The three actions of the pinion
tooth may be derived by the same method as used in ordinary spiral bevel gears.

f -
Speed Change
Gaa S Number of teeth in pinion
i = Number of teeth in gear

46
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HYPOID GEARING

P. 2
Q = Ll x_:lﬁ_ ° = TORQUE INPUT, Ibs, inches, where H.P. = horsepower
N transmitted and N = revolutions per minute.
P = rE = TANGENTIAL FORCE, where
1
r1 = Mean pinion pitch radius in inches = 1 | pinion pitch di-
ameter — tooth face x sin ), angle # being defined below.
rg = Mean gear pitch radius,
s Number of teeth in gear  cos (pinion spiral angle)
1™ Number of teath in pinion * cos (gear spiral angle)
For devivation of this value, see page §8.
« = TOOTH PRESSURE ANGLE on drive side.
# = 14 PINION PITCH CONE ANGLE. (See detail diagram, page 42.)
¥ = PINION SPIRAL ANGLE.
T, =P [mﬂTi';;“ B + tan y cos 8) = PINION THRUST.
T, =P {“%%g — tan y sin §) = GEAR THRUST.

d = PINION DROP in inches = Distance pinion center line lies below gear
center line,

rs = V. —d¥ = EFFECTIVE GEAR RADIUS, or horizontal projection
of mean gear radius r. defined above.

BEARING LOADS

Due to on Brg, 1 on Brg. I1
a a+b
F P ,El— - FI o -—h— — PI:I
I r
Ty i Tp h'_ =1 Ty —hl- = Up = 10,
a a-+h
Tﬂ Tu T - T;u Tq: ---—h—- — Tu.]_[
Total Rad. S T S, Fo
Load VP2 ¥ (U; — Ta)? = R; VPof + (U; — Tgg)®
Thrust Load Ty
Total Load ",,-"IH-t“ T_TII-:" 1".-"r:|-:=|':|.|:J + (Uy — TI]III.]E-
Due to on Brg, II1 on Brg. IV
f . c o
P | oy i F‘.-“. . P g e Py
f L]
T . Ty s T = Tem F =T F = Ty
d g d =
Te o571 = Ym BT A
Ta Iy Ty
Ty C+T = Hmy Tq T | = Hy = Hy,
Total Rad.

Load "I,,."rE.PJ-:Ll._-v]_L[}E"l' {Ti':||+Hl;]_:‘ = B ‘I,-"Ili..PI:T .}.vn,:]_:.! + (Teyy — Hn'_]"'
Thrust Load Ta

Total Load \VTeE + Bg® V Py TV F (Tey — Hyy 12
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HYPOID GEARING

Derivation of Mean Radii Relation

ry Mean pinion pitch radius,
¥ = Pinion spiral angie.
n = Number of teeth in pinion.

Q@ = Pinion torque.

a = Tooth pressure angle.

=
Il

Normal tooth force (see dlagram).
rs = Mean gear pitch radius.
¥a = Gear spiral angle.

ns = Number of teeth in gear.

Q. = Gear torque.
Pinion Torque _ @ _ n
Gear Torgue T Q: Da
P Q

8
Therefore, EE = %?;—;.-. equating and simplifying

n r
or B - N8Y cubstituting
Dy I3COBYa
N, CoS
From which Te =14 3 &0 T. orr = IEI:II:DBTE
ncos s Ng COE ¥
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