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A locking differential includes a housing
supporting a spacer pin that extends diametrically
between the adjacent ends cof a pair of rotatably-
driven colinearly-spaced output shafts, and a pair of
C~clip retainers mounted in peripheral grooves
contained in the adjacent ends of the output shafts

abutment surface
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for cooperation with side gea s
thereby to prevent axial separat.on cf the cutput
shafts. 1In order to provide access to the C-clips,
aligned access .indows are provided in the
concentrically arranged annular center cam and center

driven gear members.
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(57) Claim

1. A differential apparatus of the automatic lock-out
type for rotatably driving a pair of colinearly-arranged
axially-spaced output shafts from a rotatably driven input
shaft, the adjacent ends of the output shafts containing
peripheral grooves for receiving C-shaped retainer members,
respectively, comprising:

(a} a housing containing a chamber and including a
pair of opposed openings for zrotatably zreceiving the
adjacent ends of the output shafts, respectively;

(b) a pair of annular side gears colinearly arranged
for rotation within said housing chamber adjacent said
openings for nonrotatable connection with the output
shafts, respectively;

(c¢) a pair of annular clutch gear members arranged
concentrically about, and splined for axial displacement
relative to, said side gears, respectively;

{d) annular center driver gear wmeans colinearly
arranged between said side gears, said center driver gear
means being non-rotatably connected with said housing;

(e} spring means normally biasing said clutch gear
members together toward engaged positions relative to said
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center driver gear means;
(f) annular center cam means arranged concentrically

relative to said center driver gear means between said side
gears for disengaging one of said side gears from said
center driver gear means when the associated output shaft
overruns the other output shaft by a predetermined amount;

(g) annular holdout ring means for maintaining said
one side gear in the disengaged condition relative to said
center driver gear means as long as the overrunning
condition exists; and

(h) spacer means removably connected with said housing
for preventing axial displacement of the output shafts

toward each other;
(i) said housing, said center driver means and said

center cam means containing aligned radially-extending
access windows, thereby to permit manual insertion of the
C-clip retainers within the output shaft grooves,

respectively.
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The present invention relates to locking differentials.
In at least one form, the invention is embodied in a
locking differential which includes a housing, a center
driver gear member and a center cam member each containing
access openings that are aligned to permit manual mounting
of a pair of C-eclip retainers in peripheral grooves
contained in the adjacent ends o©f the output shafts,
respectively.

Locking differentials for automatically disengaging an
overrunning output shaft from the drive mechanism are well
known in the prior art, as shown by the patents to Dissett
et al No. 4,557,158, Choma et al No. 4,644,818 and Edwards
et al No. 4,745,818, each assigned to the same assignee as
the present invention. In these differentials, center cam
means serve to disengage an overrunning output shaft, and
holdout rings maintain the output shaft in the disengaged
state as long as the overrunning condition
continues.

In such differentials, spacer means are often provided
between the adjacent ends of the cutput shafts, thereby to
resist the axial forces which tend to displace the output
shafts toward each other one problem occurring in such
differentials is that of resisting the axial forces which
tend to separate the output shafts during differential
operation.

The present invention was developed to avoid or at
least ameliorate the above and other drawbacks of the known
types of locking differentials.

In one aspect, the invention may be defined as a
differential apparatus of the automatic lock-out type for
rotatably driving a pair of colinearly-arranged axially-
spaced output shafts from a rotatably driven input shaft,
the adjacent ends of the output shafts containing
peripheral grooves for receiving C-shaped retainer members,
respectively, comprising:

(a) a housing containing a chamber and including a
pair of opposed openings for rotatably receiving the
adjacent ends of the ocutput shafts, respectively;
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(b) a pair of annular side gears colinearly arranged
for rotation within said housing chamber adjacent said
openings for nonrotatable connection with the output
shafts, respectively;

(c) a pair of annular clutch gear members arranged
concentrically about, and splined for axial displacement
relative to, said side g=ars, respectively;

{(d) annular center driver gear means colinearly "
arranged between said side gears, said center driver gear
means being non-rotatably connected with said housing;

{e) spring means normally biasing said clutch gear
members together toward engaged positions relative to said
center driver gear means;

(f) annular center cam means arranged concentrically
relative to said center driver gear means between said side
gears for disengaging one of said side gears from said
center driver gear means when the associated output shaft
overruns the other output shaft by a predetermined amount;

(g} annular holdout ring means for maintaining said
one side gear in the disengaged condition relative to said
center driver gear means as long as the overrunning
condition exists; and

{(h} spacer means removably connected with said housing
for preventing axial displacement of the output shafts
toward each other;

(i} said housing, said center driver means and said
center cam mwmeans containing aligned radially-extending
access windows, thereby to permit manual insertion of the
C-clip retainers within the output shaft grooves,
respectively.

In a second aspect, the invention may be defined as a
differential apparatus for driving a pair of output shafts
from an input shaft, comprising:

(a) a housing containing a champer and including a
pair of opposed openings, said housing being adapted to be

rotatably driven by the input shaft;

C.IMEGON 114 VY O . —
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(b) a pair of colinearly-arranged axially-spaced
output shafts the adjacent ends of which are rotatably
supported in said housing openings, respectively;

(c) a pair of annular side gears arranged in said
chamber and non-rotatably mounted concentrically about said
output shafts, respectively;

{d) a pair of annular clutch gear members arranged
concentrically about, and splined for axial displacement’
relative to, said side gears, respectively;

(e) annular center driver gear means colinearly
arranged between said side gears, said center driver gear
means being non-rotatably connected with said housing;

({f) spring means normally biasing said clutch gear
members together toward engaged positions relative to said
center driver gear means;

(g} annular center cam means arranged concentrically
relative to said center driver gear means between said side
gears for disengaging one of said side gears from said
center driver gear means when the associated output shaft
overxruns the other output shaft by a predetermined amount;

(h} annular holdout ring means for maintaining said
one side gear in the disengaged condition relative to said
center driver gear means as long as the overrunning
condition exists;

(i} spacer means removably connected with said housing
for preventing axial displacement of the output shafts
toward each other; and

{j) means for preventing axial separation of said
output shafts, including:

(1) a pair of C-clips;

(2) access window means contained in said housing,
said center cam means and said center driver means for
permitting manual mounting of said C-clips concentrically
within corresponding peripheral locking grooves contained
in the adjacent ends of the output shafts, respectively;
and

(3) abutment means on said side gears preventing axial

movement of said C-clips away from each other.

§:23599C/11.03.96
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The present invention in one form provides a locking
differential in which the output shafts of the differential
are axially spaced by spacer means and are retained against
axial separation by C-clip retainers that are mounted in
peripheral grooves contained in the adjacent ends of the
output shafts, access to the C-clips being afforded via
aligned access window openings contained in the center cam
and center driver gear members.

Preferably, the C-clips are received within
counterbores contained in the adjacent ends of the side
gears, which counterbores serve not only as abutment
defining surfaces for preventing axial separation of the
C-clips and the output shafts connected thereto, but also
as means for retaining the C-clips in their respective
grooves contained in the output shafts.

Furthermore, in one important embodiment of the
invention there is provided a diametrically arranged spacer
pin that extends between the adjacent ends of the output
shafts, and means for removably bolting the spacer pin to
the differential housing. Consequently, with the spacer
pin removed, after the C-clips are mounted in the output
shaft, grooves and the output shafts are slightly axially
separated to cause the C-clips to be received within the
counter bores in engagement with the bottom walls thereof,
the spacer pin can be inserted between the adjacent shaft
ends and be bolted to the housing.

Other features and advantages which may be found in
preferred forms of the invention will become apparent from
the following description referring to the accompanying
drawings, of which:

Fig. 1 is a longitudinal sectional view of the locking
differential embodying the present invention;

Fig. 2 is a detailed elevational view of the grooved
end of one of the output shafts;

Fig. 3 is an elevational view of one of the C-clip
retainers of Fig. ;

Figs. 4 and 5 are sectional views of the main body and

end cover sections of the differential housing;

C_ NNt e AN AN



erce
.
rePw

.
*esdas
a [ 4

10

15

20

25

30

35

-5_

Fig. 6 is a detailed view of the housing taken along
line 6-6 of Frg. 4;

Figs. 7 and 8 are longitudinal side and left-hand end
views of the spacer pin of the differential of Fig. 1;

Figs. 9 and 10 are longitudinal sectional and right
hand end views of one of the side gears of Fig. 1;

Fig. 11 is an end view of the center cam member of Fig.
i1, and Figs. 12 and 13 are secticnal views taken along

lines 12-12 and 13-13 of Fig. 11;
Fig. 14 is an end view of the center driven gear

member of Fig. 1, and Figs. 15 and 16 are sectional views
taken along lines 15-15 and 16-16 of Fig. 14;

Fig. 17 1is a longitudinal sectional view of a
modification of the housing body section of Fig. 4;

Fig. 18 is a detailed view taken alcong line 18-18 of
Fig. 17; and

Figs. 19 and 20 are longitudinal elevation and end
views, respectively, of a spacer pin designed for use with

the housing section of Fig. 17.

Detailed Description

Referring first more particularly to Fig. 1., the
differential embodying the present invention includes a
housing 2 that is rotatably supported within the
differential casing 4 for rotatably driven movement by
input shaft 6 via pinion 8 and ring gear 10, thereby to
drive the aligned output shafts or axles 12 and 14 that are
respectively connected with the driven wheels {not shown)
of the vehicle.

The housing 2 is sectional and includes a main body
section 2a and a removable end section 2b that are bolted
together by bolts 16. As is known in the art, a pair of
side gears 18 and 20 are non-rotatably splined to the
output shafts 12 and 14, respectively, and a pair of clutch
gear members 22 and 24 are mounted for axial sliding
movement on the side gears 18 and@i20, respectively.
Annular center driver gear member 26 is non-rotatably
splined to the housing 2 between the clutch members 22 and

$:23599C!11.03.96
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24, which center driver gear member is provided at each end
with drive gear teeth 26a as best shown in Figs. 14-16.

Arranged concentrically within the center driver gear
member 26 and between the side gears 22 and 24 is a center
cam member 30 which is provided at each end with a
plurality of cam teeth 30a and 30b, as best shown in Figs.
11-13. As 1s known in the art, the center cam member 30 is
keved for limited angular movement relative to the center
driver member by the cooperation between internal key 26b
(Fig. 14) on the inner circumference of the central driver
gear member 26, and the corresponding oversize slot 32
contained in the outer circumference of the center cam
member 30. Snap ring 36 extends within corresponding
grooves contained in the outer and inner circumferential
surfaces of the center cam member and the center driver
gear member, thereby to prevent relative axial movement
between the two members. Conventional holdout rings 38 and
40 are connected with the side gears 22 and 24,
respectively, thereby to maintain in a disengaged condition
that clutch member 22 or 24 that is associated with an
overrunning output shaft 12 or 14, respectively, as will be
described in greater detail below.

The side gear 18 (Figs. 9 and 10) is provided with an
annular outer rib portion 18a that abuts a corresponding
annular support surface on the inner wall of the housing
chamber, as shown in Fig. 1. The shoulder 18a similarly
supports spring means 42 that normally bias clutch member
22 toward engagement with the central drive gear means 26.
Similarly, the side gear 20 includes an annular external
rib portion 20a that is adapted to abut the corresponding
inner wall surface of the housing section 2b, and alsoc to
support the spring 44 that biases the clutch member 24
toward engagement with the center drive gear member 26.

A significant feature of this embodiment is that the
output shafts or axles 12 and 14 are retained against axial
displacement apart by a pair of C-clips 50 and 52 that
extend within corresponding peripheral grooves 54 and 56
contained adjacent the end of the output shafts 12 and 14,
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respectively. The C-clips are contained in counterbores
18c and 20c contained in the adjacent ends of the side
gears 18 and 20, respectively. As will be explained below,
the C-clips abut the bottom walls of the counterbores 18c
and 20c to prevert relative axial separatiocn of the C-clips
and the output shafts 12 and 14 connected thereto.

In crder to prevent the output shafts 12 and 14 Irom
being axially displaced together, a spacer pin 60 1is
provided that extends diametrically across the housing
chamber. The spacer pin includes a cylindrical body
portion 60a that is abutted by the adjacent ends of the
output shafts 12 and 14, and an enlarged head portion 60Db
that is received within a corresponding access opening 5
(Fig. 4) contained in the body section 2a. Bolt €2 serves
to releasably maintain the spacer pin in connected relation
relative to the housing 2. At 1its other end, the
cylindrical body portion 60a extends within a corresponding
tlircugh bore 7 contained in the housing body section 2a.

In accordance with a characterizing feature of the
invention, ia addition to the housing access opening 5, 1in
order to provide access to the C-clips 50 and 52 when the
spacer 60 is removed from the differential, a pailr of
aligned radially-arranged access windows 27 (Fig. 60) and
31 (Fig. 13) are provided in the cznter driver gear member
26 and the center cam member 30, respectively.
Diametrically arranged in these ‘embers opposite the access
windows are through bores 29 (Fig. 15} and 33 ({(Fig. 12}
that receive the body portiom ¢0a of the spacer pin 60.
The center driver gear member is so connected with the
housing that access window 27 is opposite housing access
window 27, and the access windows 27 and 31 are maintained
gererally opposite each other by the cooperation between
internal locator projzction 26b on the center driver member
26 (Fig. 14}, and slot 32 on tne outer periphery of the
center cam member (Pig.

11).
To connect the output shafts 12 and 14 to an assembled

differential mechanism, the bolt 62 is removed to permit

$:23599C/11.03.56
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removal of the spacer pin 60 from the housing, whereupon
the output shaft 12 is axially introduced 1into rhe
differential within side gear 18 until the groove 54 is
exposed in the aligned access windows 31 and 27 contained
in the center cam and center drive gear members. C-clip 50
is introduced into the housing chamber wvia openings 5, 27
and 31 and is inserted within the groove 54. The axle 12
is then axially displaced tc the left to cause the C-clip
5¢ to be contained within the counterbore 18c thereby to
retain the C-clip within the groove 54, and toc prevent
axial displacement to the left of the axle 12. Similarly,
the axle 14 may then be inserted axially into the
differential mechanism until the groove S5& is exposed in
~he windows 5, 27 and 31, whereupon the secona C-clip 50 is
inserted within the groove 56 provided in the outer
periphery of the output axle 14.

The axle 14 is then shifted to the right to introduce
C-clip 52 within the counterbore 20c, thereby to retain the
C-clip in the groove 56. Furthermore, the C-clip abuts the
bottom wall of the counterbore 20c¢, thereby to prevent
further right hand shifting of the output shaft 14.
Normally, the C-clips and axles are provided by the user of

the differential.

Operation
The assembled differential operates in a conventional

manner. Assume, for example, that the rotational velocity
of the output shaft 12 overruns that of the output shaft 14
beyond a predetermined amount. In this case, the cam teeth
30a on the center cam member 30 shift clutch member 22 to
the left, thereby to effect disengagement between the
clutch teeth and the corresponding driving teeth 26a on the
center driver member 26. The heldout ring 38 is slightly
angularly displaced to a holdout position in which the
axial tabs thereon engage the outer flange portions 30c of
the center cam member to maintain the clutch member 22 in
its disengaged condition. When the overrunning condition

is terminated, the holdout ring is angularly returned to

L IIEGOOIT R A2 A
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its initial position, whereupon owing to the biasing force
of spring means 42, the clutch member 22 is returned into
engagement with the center gear member 26. A similar
differential operation occurs in the event that the right
hand output shaft 14 overruns the left hand shaft 12 by a
predetermined amount.

Referring now to the modification of Figs. 17-20, in
this embodiment the spacer pin 160 has a generally circular
enlarged head portion 160b, which head portion is received
in a generally-circular access opening defined by the

diametrically arranged rib portions 102c. The remaining

differential structure is identical to that of Fig. 1.

While in accordance with the provisions of the Patent
Statutes the preferred forms and embodiments of the
invention have been illustrated and described, it will be
apparent to those skilled in the art that various changes
may be made without deviating from the inventive concepts

set forth above.

§:23599C/11.03.96
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A differential apparatus of the automatic lock-out
type for rotatably driving a pair of colinearly-arranged
axial.y-spaced output shafts from a rotatably driven input
shaft, the adjacent ends of the output shafts containing
peripheral grooves for receiving C-shaped retainer members,
respectively, comprising:

(a) a housing containing a chamber and including a
pair of opposed openings for rotatably receiving the
adjacent ends of the output shafts, respectively;

(b} a pair of annular side gears colinearly arranged
for rotation within said housing chamber adjacent said
openings for nonrotatable connection with the output
shafts, respectively;

{c} a pair of annular clutch gear members arranged
concentrically about, and splined for axial displacement
relative to, said side gears, respectively;

(d} annular center driver gear means colinearly
arranged between said side gears, said center driver gear
means being non-rotatably connected with said housing;

(e) spring means normally biasing said clutch gear
members together toward engaged positions relative to said
rcenter driver gear means;

(f) annular center cam means arranged concentrically
relative to said center driver gear means between said side
gears for dJdisengaging one of said side gears from said
center driver gear means when the associated output shaft

overruns the other output shaft by a predetermined amount;

(g) annular holdout ring means for maintaining said
one side gear in the disengaged condition relative to said

center driver gear means as long as the overrunning

condition exists; and

(h) spacer means removably connected with said housing
for preventing axial displacement of the output shafts
toward each other;

(1) esaid housing, said center driver means and said
center c¢am means containing aligned radially-extending
access windows, thereby to permit manual insertion of the
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C-clip retainers within the output shaft grooves,

respectively.

2. Apparatus as defined in claim 1, and further
including means limiting the degree of relative angular
rotational displacement between said center cam means and

said center driver gear means.
3. Apparatus as defined in <laim 2, wherein said

center cam means is arranged concentrically within said’

center driver gear means.
4. Apparatus as defined in claim 3, wherein said

spacer means includes a spacer pin having a body portion
extending diametrically across said housing chamber between
the adjacent ends of the output shafts, said spacer pin
including an enlarged head portion mounted in said housing
axis opening, and means preventing removal of said spacer
pin from said housing.

5. Apparatus as defined in claim 4, wherein said
spacer pin extends through said access windows contained
both in said center driver gear means and in said center
cam means.

6. Apparatus as defined in any one of the preceding
claims, wherein said housing is sectional and includes a
main body section, and a removable end cover section bolted
to said main body section, each of said housing sections
containing one of said output shaft openings, respectively.

7. Apparatus as defined in claim 6, wherein said side
gears include abutment means arranged for cooperation with
said housing and for engagement by the C-clips to prevent
axial separation of the output shafts.

8. Apparatus as defined in claim 7, wherein said
abutment means includes first abutment means on each of
said side gear means arranged to cooperate with
corresponding abutment surfaces on said housing means,
respectively, thereby to prevent axial separation of said
side gears.

9. Apparatus as defined in claim 8, wherein said
first abutment means comprises an annular rib portion

extending circumferentially about each side gear.
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10. Apparatus as defined in claim 9, wherein said

abutment weans includes second abutment means defined by
the bottom walls of counterbores contained in the adjacent
ends of said side gears, respectively.

11. Apparatus as defined in claim 10,
diameter of the side gear counterbores is slightly greater
than the corresponding outexr diametric dimension of the
thereby to retain the C-clips in the respective

wherein the

C-clips,
output shaft grooves.

12. A differential apparatus for driving a pair of
output shafts from an input shaft, comprising:

(a) a housing containing a chamber and including a
pair of opposed openings, said housing being adapted to be
rotatably driven by the input shaft;

(b) a pair of colinearly-arranged
output shafts the adjacent ends of which are rotatably

axially-spaced

supported in said housing copenings, respectively;

(c) a pair of annular side gears arranged in said
chamber and non—rotétably’mounted concentrically about said
output shafts, respectively;

(d) a pair of annular clutch gear members arranged
concentrically about, and splined for axial displacement
relative to, said side gears, respectively;
center driver gear means colinearly

said center driver gear

(e} annular
arranged between said side gears,
means being non-rotatably connected with said housing;

(£)’ spring means normally biasing said clutch gear
members together toward engaged positions relative to said
center driver gear means;

(g) annular center cam means arranged concentrically
relative to said center driver gear means between said side
gears for disengaging one of said side gears from said
centér driver gear means when the associated output shaft
overruns the other output shaft by a predetermined amount;

(h) annular holdout ring means for maintaining said
one gide gear in the disengaged condition relative to said
center driver gear means as long as the overrunning

condition exists;
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(i) spacer means removably connected with said housing
for preventing axial displacement of the output shafts

toward each other; and
(j) wmeans for preventing axial separation of said

output shafts, including:

(1) a pair of C-clips;

(2) access window means contained in said housing,
said center cam means and said center driver means for’
permitting manual mounting of said C-clips concentrically
within corresponding peripheral locking grooves contained
in the adjacent ends of the output shafts, respectively;
and '

(3) abutment means on said side gears preventing axial
movement of said C-clips away from each other.

13. A differential apparatus substantially as herein
described with reference to the accompanying drawings.

Dated this 12th day of March 1996

TITAN WHEEIL INTERNATIONAL, INC.
By their Patent Attorneys

GRIFFITH HACK & CO
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LOCKING DIFFERENTIAL INCLUDING C~CLIP AXLE RETAINERS

ABSTRACT

A locking differential includes a housing
supporting a spacer pin that extends diametrically
between the adjacent ends of a pair of rotatably-
driven colinearly-spaced output shafts, and a pair of
C-clip retainers mounted in peripheral grooves
contained in the adjacent ends of the output shafts
for cooperation with side gear abutment surfaces,
thereby to prevent axial separation of the output
shafts. In order to provide access to the C-clips,
aligned access windows are provided in the
concentrically arranged annular center cam and center

driven gear members.



3Uss/as

1/5
F*C:
S
i 1
r—""!""'i""""'7
™"\ /
| A 4
1 \ 778
l r--)————l
‘O\—’:’.‘ l
! |
by
',: ---J'q 60a 26 b
) 26
Hos T
" 5\\,( q / 34 6o
7 42 26a 40
BT 30b
[8a i c
4//4 l J 20a
2% /’SC
\ X AR L L
— - e NI 50 T =
_ — NE [ I , .
= : : BN22 o2
S M54
20c 20 :
12 7 N | a
301 q
/22 \§ 36 ) ¢ b
\ “" 3, 2
NNV e 6
: {20 \60
N
SN
FIG. |
':::.: 54
.'ca. : ) 50
_._..*—h _é:‘

FIG. 2 FIG. 3



oooooo

1114

|1l

7Tl

2b

E

|

!
= | l .

=

FIG.5

60

”””””

FI1G.8




3/5

|I8a
18
:/‘ISC
FIG.9 FIG. 10
FIG. 1l FIG 12
30 30b
i,
30q 3001//‘ =

7
30a e _ i
' !
30 33 _1 :
i

FIG.13

30

b , pd
I s

------

......

30

I

3t

r o=
;

%~444-

X




26b\-——; ”:“—;m: ;E:r ~ /H—-ZT
- : il
260 ,;f/'/m///;}/  T-2se /Lz/%////é 1260

FIG.IS FIG. 16




=
7 105

U,/i;/'

// /4 l (Hﬂw

,—! 3 =

| ! £ = H

i — 102¢c 11

/:ﬂ[ - N
e |
|

A |

7; l b -

UL

102 / //7;/ A i

{07
FIG. I/
160b 160 !6())0
I SR //
I FIG. 19

160b

FIG.20




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

