Aug. 27, 1968 R. M. HALVORSEN 3,398,999

LINEAR MOTION BALL BEARING ASSEMBLY

Filed Auvg. 15, 1966 ' 4 Sheets-Sheet 1
~S—7/0
T T T I T e e e e e e e T 7 Wl
A f"fil_;&;’\,,(’k\,"' o
e 7 A\ -~
( G-« Q) Q=y
4 \\ N R e T \’} ] /4

Y _ pivavan St P
______\i":ii:_\:{ E/: S e e e Lo il I :J':Ll % .

2
——— s — -—
L ¥
o 1
= -135-;-_:—;_—_/—,—..—_. EEEEETEEESESEEST T i
S ZChASS oo _------ G
St | e et e e mee e e e e e o eaee amae My -~
\‘"@‘;‘i 73 NN /4
\\f‘ = AL (@) Q<) |
\NE = 4 l
‘/ _____________ v’ \,,—-I r—/ 1
N __Rek A A e
i
) ,,r——'44 i :
1 I

7

: . ’ :_:36
R N
x\&g Qe

Z N
ZN==Z| k\ Z

CE sy ES | 2F
&L
/& FlG. 2

e4

&2 ~ INVENTOR
ROLBLERT M. HALYORSEN

8y .

AT TORNEY



Aug. 27, 1968 R. M. HALVORSEN 3,398,999

LINEAR MOTION BALL BEARING ASSEMBLY

Filed Aug. 15, 1966 ‘ 4 Sheets-Sheet 2

FIG. 3

49 P
2000 2
oS
!] 5
-% x4
1 g2
INVENTOR

»gyoaf/er A, ARL VO SER

AT TORNEY




ué

AJNUQllV
gy v

\

&
)

No

/% 3\\3\\§/; § 30 /
e

5% Z \\\%\\\>>\\ —rp 94 P




Aug. 27, 1968 R. M. HALVORSEN 3,398,999
LINEAR MOTION  BALL BEARING ASSEMBLY

Filed Aug. 15, 1966 4 Sheets-~Sheet 4

/&

FI1G.8

GS_ @®

cs S
- 70 72 7 Z -5
AN A @727 @
4
* @222 € @77%@
/S 72
@@ /8
@i® |
74 - - 78"
/& &
| & -
FIG.7 | A 75" g4
I T
{—:EE@_Q_ NG SN 7= 4
72 . 2(,:1 i I(_;| !
£ e =

 pptengidondiutiiytuipnipmuipde
by _ ORI RO AN
Te AN @O0 S RNh = 21| suywes

7 7

z R T T T SIS S SR T

7 l '1“):!\%_’*_—_—_: == EXEY 3 N
70 : T _\,\.-_________,.,f(‘(l L
A T T T T
7
/Z
-
INVENTOR
ROLLRT M, HALYORLSEA
BY

AT TORNEY



United States Patent Off

3,398,999
Patented Aug. 27, 1968

1CC

1

3, 398 999
LINEAR MOTION BALL BEARING ASSEMBLY
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ABSTRACT OF THE DISCLOSURE

" A linear motion apparatus having a unitary ball bear-
ing module. The module includes a ball bearing block
with -a pair -of endless- path-raceways-and ball bearings
in- said- raceways wadapted for récirculating movement.
The retaining means has a- top opening for “insertion of
the bearing block and- further includes a frontal ~wall
slotted openmg adapted to prov1de contact of said ball
bearmgs on a track rod.

. This invention has reference to improvements in and
relating to anti-friction linear motion obtamed with re-
c1rculat1ng ball. bearing mssemblies.

Linear motion recirculating bail bearmgs heretofore
provided have been of- inferior design and provided rela-
tively .poor performance. The present invention provides
means; for guiding the balls in a “desired path and also
provides a retaining means, 'whxch assures spacing of the
balis to obtain proper load distribution, and furthermore
to .effect the desired moveément of the balls within the
bearinig module, The bearing constructlon is applicable to
any mechanism.involving linear ‘motion between parts,

It is accordingly an important object of the invention
to provide a recirculating ball bearing construction hav-
ing accurate, dependable and almost ‘frictionless stralght
line  motion.

Another object. is the prov1s1on of a rec1rculat1ng ball
bearing assembly in which positive guidance is provided
for the balls throughout their path of travel.

- Another object is the provision of a return trackway
or closed loop to prov1de «a continuous path for the balls.

. Another object is the provmon of a bearing construc-
t10n of the type 1nd1cated in which the balls are main-
tained in spaced relation 'to achieve uniform load dis-
tribution.

Another obJect is the prov1sxon of a recirculating bali
bearmg construction facﬂmatmg prec151on manufacture
and-assembly of the structure. .

Other and further objects, advantages and features of
the invention will become apparent to those skilled in the
art- from the followmfr detailed description, taken in
conjunction with the accompanying drawings, in which:

FIGURE 1 is a plan view of the preferred embodiment
of. the. myentlon,

FIGURE 2 is a cross-sectional view taken substantially
as indicated by the line 2—2 in FIGURE 1;

‘FIGURE. 3 is a perspective exploded view of the pre-
ferred embodlment of the invention;

. FIGURE 4-is a cross-sectional enlarged fragmentary
view taken. along line 4—4 in FIGURE 1;

FIGURE 5 is a transverse sectional view of a modified
embodiment of the invention;

FIGURE 6 is a transverse sectlonal view of another
modified embodlment of the invention;

FIGURE 7 is a plan view of another embodlment of
this invention; and

FIGURE 8 is 'a transverse sectlonal v1ew of FIG-
URE 7.

Referrmg to the drawmgs and FIGURES 1-4 inclusive,
there is shown a carriage 10 adapted for longitudinal
movement on- a rail ‘12" of indeterminate. length. The
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movement of the carriage 10 on the rail 12 is aided by
means of a track rod 14 mounted in a recess 13 of the
rail 12 by means of track rod retaining screws 16. The
linear recirculating ball bearing module 18 consists of a
ball race or block 20 having upper and lower channels or
raceways 22 and 24 respectively which extend around the
ball race 20 to form an endless path, as shown in FIG-
URES 2 and 3. Balls- 26 are adapted for movement
within the channels or raceways 22 and 24 respectively
in a manner to be hereinafter described. The balls 26
are contained in the raceways 22 and 24 of the ball race
or block 20 by means of a retaining means 28. The
module when assembled is fastened and held together by
means of a retaining screw 30. The module 18 is a. fully
assembled unit that provides positive ball retention by
means of its self-contained module design, and includes
a continuous path for the balls. This results in simpler
storage and handling by means of its simple unitary
construction.

The linear recirculating ball bearing module 18 con-
tains a wiper or scraper 32 which is inserted into a slot
or recess 34 of the retainer 28. The wiper or scraper 32
can be of any material or composition for the purpose of
wiping any contaminant that may occur on the track
rod 14. This then results in a clean metal to metal contact
between the balls 26 and the track rod 14, as shown in
FIGURES 2, 3 and 4. Contact between the balls 26 and
the track rod 14 is provided by milling the retaining
means 28 in a well known manner to thus provide an
opening or stot 36 on the frontal wall 37 of the retaining
means 28. The width of opening 36 is not less than the
diameter of a ball and not greater than twice the diam-
eter and when fully assembled by means of its construc-
tion prevents balls 26 from dropping out in a manner
to be herein described. The opening 36 provides an
upper abutting edge 80 and a lower abutting edge 82 on
the frontal wall 37 of the retaining means 28.

To maintain balls 26 in their respective raceways lobe 84
extends around the ball race 20 medially between race-
ways 22 and 24. The purpose of the lobe 84 is to prevent
the balls from falling out of the open front, that is, the
opening between the lobe 84 and 80 or 82 is smaller
than the diameter of each ball. Furthermore the lobe
extends around the recirculating side to entrap the balls,
such as shown in FIGURE 2, wherein lobe 84’ main-
tains the balls 26 recirculating against the back wall 38
of the retaining means 28. The configuration of the race
and raceway, and the retaining means are designed with-
in certain limits to achieve proper operation and per-
formance. It is of importance to note that the clearance
around the ball in the recirculating raceway be con-
trolled to prevent any “collet action.” “Collet action”
is a term that defines a condition that exists when the
balls attempts to climb up or ride up on top of each
other during recirculation. Therefore, it is important that
while the balls in the front portion of the module are
pre-loaded on the track rod so as to transmit forces from
the table through balls to the track rod and thence
through the track rod to the rail, the recirculating side,
that is, the side opposite the front maintains no stress
or force relationships on the balls and the balls there-
fore are able to recirculate in a free manner.

The back wall 38 of retaining means 28 includes a
recess 46 to provide insertion of the balls 26 during as-
sembly, that is, the ball race 20 is partly inserted into a
top opening 29 of the retaining means 28 and the balls
26 are dropped into raceway of the ball race through the
recess 40. As the raceway is accommodated with its fuil
complement of balls 26 the ball race is further inserted
into the opening 29 and the second raceway is filled with
balls through the frontal opening 36. The retaining screw
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30 securely fastens the ball race 20 to the retainer 28,
when the ball race is fully seated in the opening 29,

The module 18 is assembled to the carriage 10 by
means of a screw 42 which extends through bore 43 of
ball race 20. To provide for proper adjustment and posi-
tioning of the module 18 to the rail or base 12 a pre-load
and back-up screw 44 is provided therefor. The pre-load
and back-up screw 44 includes a spring 46 inserted in a
recess 45 of screw 44 which provides a force on the
module 18 against the track rod 14, as shown in FIG-
URE 2.

The contact force between the balls 26 and the track
rod 14 is controlied by the pre-load and back-up screw
44. This pre-load is critical since the force or load is
transmitted from the carriage 10 through the balls 26 to
the track rod 14 at points of contact in a manner shown
in the magnified view in FIGURE 4. That is, the forces
transmitted occur in a manner that prevents distortion
and results in an increased unit load capacity. As shown
in FIGURE 4, the contact of a ball in the upper raceway
22 at points 50 and 52 transmits the forces to the track
rod 14 at point 54. The track rod 14 being secured in the
recess 13 of the rail or base 12 thus transmits the forces
to the rail or base 12 at a point 5¢ without undue dis-
tortion or stress. Similarly, the balls 26 in the lower Tace-
way 24, by nature of the pre-load hereinbefore disclosed,
transmits its forces through points 60 and 62 to the track
rod at point 64 and thence to the rail or base 12 at a
point 66. Thus it can be readily apparent that the forces
are transmitted from the carriage 10 through the recir-
culating balls, and through the track rod 14 to the rail or
base 12. As shown in FIGURES 1 and 2 the load forces
are transmitted on one side of the linear recirculating ball
bearing module 18, and the balls 26 are adapted to be
recirculated on the opposite side of the module when the
carriage 10 is moved linearly with respect to the rail 12.
The balls 26 are adapted to recirculating travel in race-
ways 22 and 24, however, it is well within the scope of
obviousness that the balls 26 need not recirculate under
limited travel linear movement of the carriage with re-
spect to the rail. That is, this vunit can be adapted for non-
recirculating travel of balls 26.

The track for the balls to roll on can either be round
or square. That is, with the square track the flat surfaces
are at an angle placing one flat surface to each layer of
balls and with the apex or the junction of the two surfaces
between the paths of the balls, the apex being adjacent
the lobe 84. It is further apparent that the track rod may
not only be round or square, but also be integral with the
rail or detachably connected to it. Moreover, it would
be obvious that the track may be designed of some special
configuration that would increase load capacity.

The importance of having the track rod as a separate
detachable piece is that if wear occurs on one surface
of the track rod, it may be turned over end-for-end, or
rotated on its axis to provide a new surface path for the
balls, In other words, the complete assembly may be placed
in an approximately new condition by proper positioning
or adjustment of the track rod. Moreover, another fea-
ture of providing a track rod as a separate piece is that
the rail can be made of any material without affecting
the performance of the bearing assembly,

Another important aspect of this invention is in the
construction of the ball race. Since the load forces are
primarily transmitted between the balls and the track rod,
the balls are not under load when they go around the
radius portion 79 of the ball race. That is, the radius
portion of the ball race is only for movement of the balls
and therefore it does not receive any wear or stress as
the result of load forces. Consequently, the radius por-
tion on the ball race may vary in two aspects without
affecting the bearing performance. The material on the
radius portion may be of a different composition or of a
different material and the radius dimension may vary
and still allow easy and stress free diversion of the balls.
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Furthermore, the balls are not under lead forces when
they are on the recirculating side-of the ball race, that is,
opposite the side of the track rod. Thus the ball raceways
do not wear on the recirculating side as on the load or
front side of the module, and as in the case of the track
rod, the ball race is similarly adapted to be rotated 180
degrees or turned over end-foi-end ‘when wear occurs on
the front or loaded raceways. This provides for one single
module to, be restored with a minimum of effort and ex-
pense, in that: (1) the ball race is positionable; and for
the combination with a track rod, (2) the track rod is
positionable. The manipulation-of both the track rod and
the ball race combination affords complete restoration
of an item to ifs original or approximately original state.

As shown in FIGURES 2 and 4, the raceways are pro-
vided with surfaces that are at an angle with respect. to
each other, however, it is well within the scope of this
invention that the surfaces can be normal to each other.
Furthermore; the surfaces of the recess 13 can be any
angle depending on the diameter of the track rod and the
angle created by-the raceways.. IR

While FIGURES 1 and 2 show the preferred embodi-
ment, FIGURES 5 and 6 show modifications thereof.
The conventional module -18, hereinbefore disclosed, is
mounted in a manner shown in FIGURE 5 in which the
preloading is provided by the weight of the table or car-
riage 10’. The screw 44 is used for alinement and back-
up. The linear recirculating ball bearing module 18 is
secured to the carriage 10’-by means of any conventional
manner, such as, e.g., screws 68. Each of the modules is
mounted on a rail 12’ by means of track rod 14 in a
manner hereinbefore disclosed. It is apparent that the
modification shown in FIGURE 5 is adapted for long orf
short slideways, such as machine tool. slideways and
others, because the weight of the table or carriage 10
applies the preload to the module! o

FIGURE 6 shows a further modification in that the
carriage 10 is mounted for movement centrally of the rail
12”. This modification though is similar to the preferred
embodiment in that the module 18 is adjusted for pre-
Toad by screw 44, in a manner hereinbefore disclosed.

A further modification is shown in FIGURES 7 and 8,
wherein a rod 70 is provided with track rods 72 secured
thereto in a conventional manner. The linear recirculat-
ing ball bearing module 18 is inserted in recesses 74 of
cylinder carriage 75. The recesses 74 are diametrically
opposite each other, and the modules 18 are preloaded
by screws 44 in a manner hereinbefore disclosed. It is
10 be noted that in cases where the modules are opposite
each other, only one preload and back-up screw is needed
to provide the necessary preload. However, in cases of
an odd number of modules or where the ‘modules are
not. opposite each other but angularly offset each of the
modules would be provided with its own preload and
back-up screw for the reason hereinbefore disclosed.

Thus, the invention provides a simple slide module
which is made of a' minimum number of parts but ensures
the accurate holding of a movable carriage or other
machine part with a minimum of friction. The arrange-
ment is such that adjustment may be made to preload
the movable element in a selected direction thus providing
for unhindered linear displacement. The module is main-
tained in a substantially closed- housing for positive ball
bearing retention and continuous ball recirculation. Any
wear may be compensated for by simple adjustment -of
the preload and back-up screw. - ) :

While specific embodiments of the invention have been
shown and described in detail to illustrate the application
of the inventive principles, it will be understood that the
invention may be embodied otherwise without departing
from such concepts and principles hereinabove disclosed.

What is claimed is: : R o

1. A unitary ball bearing module comprising: . .

(a) a unitary ball bearing block having a pair of ld,ilgi'

-~ tudinally extending, parallel .endless path’raceways;
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(b) a purality of balls in each of said pair of raceways
adapted for endless recirculating movement;

(c) a unitary retainer means for retaining said ball
bearing block and said balls, said retainer means
having a top opening and including:

(1) a bottom wall;

(2) two end walls;

(3) a back wall; and

(4) a frontal wall, said frontal wall having a
unitary opening extending substantially the
length of said frontal wall;

(d) and means for securing said block to said retain-
ing means.

2. The invention as defined in claim 1 further com-

prising:

(a) said block including a plurality of parallel race-
ways wherein each of said raceways is shaped to
define a continuous endless channel of substantially
uniform width and depth extending longitudinally
around said block; and

(b) said opening on said frontal side of said retaining
means extending longitudinally to provide external
contact of said balls whereby said balls are adapted
for recirculating in each of said endless channels.

3. The invention as defined in claim 1, further com-

prising:

(a) said retainer means having a recess adjacent said
top opening and extending longitudinally along said
back wall whereby insertion of said balls is facili-
tated during assembly of said module.

4. The invention as-defined in claim 2, further com-

prising:

(a) the width of said opening extending longitudinally
along one side of said retainer means is not less
than the diameter of each of said balls and not
greater than twice the diameter of each of said balls.

5. The invention as defined in claim 2, further com-

prising:

(a) a slot at each end of said retainer means and
extending normal to said longitudinal opening; and

(b) a wiping means inserted in each of said slots.

6. The invention as defined in claim 2, further com-

prising in combination:

‘(a) a base;

(b) track rod means detachably fastened on said base;

(c) a carriage means;

(d) said module detachably fastened to said carriage
means;

(e) a plurality of balls in each of said raceways to
form a pair of parallel endless paths of said balls;
and

(f) said track rod means being disposed between said
pair of parallel endless paths of said balls; whereby
said plurality of balls constitute lateral supports be-
tween said carriage means and said track rod means
on said base, and relative movement between said
carriage means and said base is provided by said
balls forming an endless path in said raceways to
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continuously circulate upon relative movement be-
tween sald carriage means and said base.
7. The invention as defined in claim §, further com-
prising in combination:
(a) a base;
{b) a track rod on said base;
(¢) a carriage means;
(d) said module- fastened to said carriage means,
whereby said track rod is disposed between at least
a pair of recirculating balls and wherein said balls
constitute lateral supports between said carriage and
said base.
8. The invention as defined in claim 6, further com-
prising:
(a) means for adjusting said module on said track rod
of said base.
9. The invention as defined in claim 6, further com-
prising:
(a) means for adjusting said module to said track of
said base, to provide a preload therefor.
10. The invention as defined in claim 2, further com-
prising in combination:
(a) a cylindrical rod;
(b) a plurality of track rods attached to said cylindrical

rod;

(c) a cylindrical housing means having a plurality of
recesses facing inwardly toward said cylindrical rod,
each of said recesses facing each of said track rods,
respectively;

(d) a plurality of said modules attached to said cylin-
drical housing and seated in each of said recesses,
respectively; and

(e) adjustment means on said cylindrical housing fo
bias said module on said track rod.

11. The invention as defined in claim 1, wherein:

(a) said unitary ball bearing block includes two longi-
tudinally extending side portions and two radius por-
tions, each of said radius portions being substantially
semi-circular in shape.
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