KD

PILLOBALLS

OPILLOBALL Spherical Bushings - Insert Type
OPILLOBALL Rod Ends - Insert Type
OPILLOBALL Rod Ends - Die-cast Type
OPILLOBALL Rod Ends - Maintenance-free Type
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UStructure and Features

IJCE PILLOBALLs are compact self-aligning spheri-
cal bushings that can support a large radial load and
a bi-directional axial load at the same time.

These bushings are classified by sliding surface
types, namely, insert type, die-cast type and mainte-
nance-free type. In the insert type, a spherical inner
ring makes contact with the special copper alloy bush-
ing with superior run-in properties. In the die-cast
type, a spherical inner ring makes direct contact with
the bore surface of the body of special zinc die-cast
alloy. In the maintenance-free type, a spherical inner
ring makes contact with the special PTFE liner of
maintenance-free type. Thus, a smooth rotational
and oscillatory motion can be achieved with superior
anti-wear and loading properties in each type.
PILLOBALL Rod Ends have either a female thread in
the body or a male thread on the body, and they can
be easily assembled onto machines.

PILLOBALLs are used in control and link mechanisms
in machine tools, textile machines, packaging
machines, etc. The maintenance-free type is espe-
cially suitable for loading in one direction and is the
best choice for machines in which oil must be avoided
such as food processing machines, or machines
which cannot be re-lubricated.

Structures of maintenance-free type PILLOBALLs

PHS:--EC Special PTFE liner

(Reinforced with copper
alloy meshes)

Spherical inner ring
(Chromium plated)

Body
(Zinc chromate plated)

POS:---EC

Spherical inner ring
(Chromium plated)

Special PTFE liner
(Reinforced with copper
alloy meshes)

Body
(Zinc chromate plated)

I

Structures of lubrication type PILLOBALLS
PB Outer ring

Bushing
(Special copper alloy)

Spherical inner ring
(Chromium plated) —1

PHS - PHSB

Bushing
(Special copper alloy)

Spherical inner ring
(Chromium plated)

Body
(Zinc chromate plated)

POS-POSB

Spherical inner ring
(Chromium plated)

Bushing
(Special copper alloy)

Body
(Zinc chromate plated)

PHSA

Spherical inner ring
(Mirror-finished)

Body
(Die cast special zinc alloy)
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UTypeS ring is chromium plated on the sphere surface after
heat treatment and grinding.

In PILLOBALLS, the types shown in Table 1 are avail- A special PTFE liner, reinforced with copper alloy
able. meshes, which is superior in anti-wear properties with
little creep deformation is used for lining on the sliding

Table 1 Type surface of the body, and this type is maintenance-

Lubrication type Maintenance-free type free.
Type | Spherical Rod end Rod end PHS ceEC, which has a female thread in the body,

and POS @EC, which has a male thread on the
body, are available.

Bushingsifemale threa( male thread|female threa| male thread
Insert type 1# |PHS~PHSB|POS~POSB
Die-cast type n PHSA KU

PHS eEC|POS ceEC

Lubrication Type PILLOBALL Spherical Bushings Uldentification number
Insert Type PB The identification number of PILLOBALLS consists of

a model code, a size and any supplemental codes as
This type has superior anti-wear properties and high shown in the examples.

rigidity. It consists of a spherical inner ring, an outer
ring, and a bushing of special copper alloy with supe-
rior run-in properties inserted in between. The spheri-
cal surface of the inner ring is chromium plated after
heat treatment and grinding. This type is assembled
with a shaft and a housing.

When especially large radial and/or axial loads are
applied, Spherical Bushings with molybdenum disul-
fide (M0S2) treated inner and outer rings are recom-
mended. (See page J17.)

Examples of identification number

Example 1
[T
‘Modelcod%‘ Size H code ‘

PHSB 10 NP

Bore diameter
¢ 10/16"=15.875mm £

With grease nipplé
This type has superior anti-wear and anti-corrosion Flash type:NP

properties as well as high rigidity. It consists of a Zerk type :NF

spherical inner ring of which spherical surface is

Lubrication Type PILLOBALL Rod Ends
Insert Type PH$POS PHSB and POSB

chromium-plated after heat treatment and grinding, a Example 2 [ ———
body with a zinc chromate treated outer surface, and ‘Model codsH Size ‘ code |
an inserted bushing of special copper alloy having PHS 10 EC L

superior run-in properties. This type includes PHS
and PHSB, which has a female thread in the body,
and POS and POSB, which has a male thread on the
body

Lubrication Type PILLOBALL Rod Ends
Die-cast Type PHSA

The spherical inner ring of this type is mirror-finished

after heat treatment and is built in a body of die-cast Example 3
special zinc alloy. The sliding surfaces of the inner 0deTco
ring and body are in close contact with each other. PB 10

Thus, this type is an economical rod end with superior
anti-wear and loading properties.

Bore diamete
¢ 10mm £
Notes 1 Shapes of greace nipple are shown in Fig.1. In case of

no indication of grease nipple type, zerk type is supplied.
2 Right hand thread is indicated with no code.

Maintenance-free Type PILLOBALL Rod Ends
PHS0eEC| POSceEC

This type has superior anti-corrosion properties as the
body is zinc chromate treated and the spherical inner
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Flash type : NP Zerk type : NF

Fig. 1 Shapes of grease nipple

U Accuracy

The accuracy of PILLOBALLs is shown in Tables 2
and 3. The maximum radial internal clearance of the
insert type is 0.035 mm.

Table 2 Tolerance unit: mm
Type Dimension PlmEEE Tolerance
symbol
Bore dia. of inner ring d H7
Outside dia. of outerrin D h6
22 Width of i i B o
I orinner ring mn 0.1
Width of outer ring © f0.1
PHS Bore dia. of inner ring d H7
POS 0
PHS 0eEC | width of inner ring B
POS ceEC HO.1
Bore dia. of inner ring d © 0.038
PHSB H0.013
POSB 0
Width of inner ring By 10127
Bore dia. of inner ring d © 0063
PHSA p 0.012
Width of inner ring B See Table 3.

Table 3 Tolerance of width B of inner ring of PHSA type  unit: mm

d Des

Nominal bore dia. of inner rir| Deviation of a single inner ring width

Over Incl. High Low
n 14 0 pno.2
14 20 0 pno.3
20 22 0 no.4

UFit
Recommended fits for PILLOBALLs are shown in
Table 4.

I

Table 4 Recommended fits

» Tolerance class
Condition
Shaft Housing bore"
Normal operation h7 H7
Directionally indeterminate loadi né | p6 N7

Note 1 This is applicable to PILLOBALL Spherical Bushings,
Insert type.

USelection of PILLOBALL

Load capacities of PILLOBALLs are determined
based on the allowable contact pressure on sliding
surfaces and the strength of body for each type.
Thus, a suitable type and size should be selected
based on the dynamic load capacity C4 and static
load capacity Cgshown in the dimension tables.

Load capacity

@ Dynamic load capacity
The dynamic load capacity Cq is obtained on the
basis of the contact pressure on the sliding surface.
The dynamic load capacity is used for calculating the
life.
The dynamic load capacity considering temperature
increase is obtained from the following equation using
the temperature factor, which is a correction factor for
the effect of PILLOBALL temperature.
Cyt fiCqy ceeeeeee e ebe
where, Cg; ¢ Dynamic load capacity considering
temperature increase, N
fi « Temperature factor (Refer to Table 5.)
Cq ¢ Dynamic load capacity, N (Refer
to the dimension tables.)

Table 5 Temperature factor ~ f;

Temperature A
Type p30| 80 (" 90| " 100| " 120| " 150
80| " 90 |” 100/ " 120| " 150| " 180

PB
PHS|POS 1 1 1 1 1| o7
PHSB [POSB

PHS eEC
POS EC

@ Static load capacity

The static load capacity Cg is the maximum static load
that can be applied on the PILLOBALL without break-
ing the inner or outer ring of the PILLOBALL Spherical
Bushing (or the inner ring or body of the PILLOBALL
Rod End), and without causing severe permanent
deformation that will make the PILLOBALL unusable.

1N=0.102kgf=0.2248lbs.

1mm=0.03937inch K32
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Maximum Operating Load

The recommended value of bushing load is obtained
by multiplying the dynamic load capacity Cq4 by a
numerical factor, which differs depending on the
bushing type and load condition. For PILLOBALL Rod
Ends, the static load capacity Cs must also be con-
sidered in determining the applicable bushing load.
Table 6 shows the guidelines for maximum operating
load of PILLOBALLs. When axial loads are added in
addition to radial loads, bending stress occurs in the
body. Pay attention to this bending stress.

Table 6 Maximum operating load

Load direction
Type
Constant Alternate
PB %0.3C4¢ % Cs£ %20.6Cy
PHS |POS [PHSB POSB | %20.3C4 ¢ %2 0.3Cs4¢ %2 0.6C4 £/2 0.2C5
PHSA %0.16C
PHS eECPOS EC ¢ 2 C4£  %20.3C ‘G %20.5C4 £/ 0.2Cs

Remark Cy is the dynamic load capacity and Cg is the static load
capacity.
When the magnitude of applied load is within the value
shown outside the parenthesis, it is also within the value
in the parenthesis.

Equivalent radial load

PILLOBALLs can take radial and axial loads at the
same time. When the magnitude and direction of
loads are constant, the equivalent radial load can be
obtained by the following formula.

P11 F " YFy0e 02 ce 0o ce ce oo ce 0o e e ofDp 00

where, P < Equivalent radial load, N
F, » Radial load, N
Fae Axialload, N
Y « Axial load factor (Refer to Table 7.)

Table 7 Axial load factor Y
Fﬂ_F’

01|02 | 03| 04| 05 |%05
Type
PB
PHS [POS 1 2 3 4 5  |Unusable
PHSB POSB

PHS ceEC
POS eEC

1 2 3 Unusable

Life

The life of PILLOBALLs is defined as the total number
of oscillating motions during which the PILLOBALLs
can be operated without failure or malfunction due to
wear, increase in internal clearance, increase in slid-
ing torque and operating temperature, etc.
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As the actual life is affected by many factors such as
the material of the sliding surface, the magnitude and
direction of load, lubrication, sliding velocity, etc., the
calculated life can be used as a measure of expected
service life.

@ Life of lubrication type PILLOBALLSs
PB ~ PHS ~ POS ~ PHSB ~ POSB
| 1 Lonfirmation of pV value
Before attempting to calculate the life, make sure that
the operating conditions are within the permissible
range by referring to the pV diagram in Fig.2.
When the operating conditions are out of the permis-
sible range, please consult LI .
The contact pressure p and the sliding velocity V are
obtained from the following formulae.
pt 50P
Cat
V1582 10H4d, f oeoeoecece e sy
where, p e Contact pressure, N mm?
P « Equivalent radial load, N
(Refer to Formula (2).)
Cgt * Dynamic load capacity considering
temperature increase, N
(Refer to Formula (1).)
V « Sliding velocity, mm s
dy * Sphere diameter, mm
(Refer to the dimensional tables.)
2 « Oscillating angle degrees (Refer to Fig.2.)
when » 5A 1 5
when rotating, * 90

e 0eCe 0 Ceoe e Cce e e e kde e

f « Number of oscillations per minute, cpm

range

P N/mm2

0.8
0.6

0.4

0.2

Contact pressure

0.1

1 2 5 10 20 50 100 200

Sliding velocity V mm/s

Fig. 2 pVdiagram of lubrication type PILLOBALLS

Lyt

where, G ¢ Life (Total number of oscillations)
by ¢ Load directional factor (Refer to Table 8.)

Oscillating angle

Fig. 3 Oscillating angle

| 2 §.ife calculation
The life of lubrication type PILLOBALLSs can be calcu-
lated by the following formulae.

3.18b;bybs & .
Gt W P g - 105 cececece(B)
G

ceeeeereeeeed@oe Whenthe operating conditions are out of the permis-

60f

L

8
I
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Z\ 4 {
71 N 3 e =
2 we L
8 »Qp\\g‘\
1 o8 <
@
5 oA S
8 o5 175
> 04 HAS
S 03 AL
& N
2 02 phy
Oscillating angle 2 \r‘
5 01
»
0.05
02 05 1 5 10 50 100 150

Sliding velocity ¥ mm/s

Fig. 4 Sliding velocity factor for lubrication typ e
PILLOBALLs

@ Life of maintenance-free type PILLOBALLs ~ PHS ceEC~POS eEC
1 1 Eonfirmation of pV value

Before attempting to calculate the life, make sure that
the operating conditions are within the permissible
range by referring to the pV diagram in Fig.4.

sible range, please consult LI .
The contact pressure p and sliding velocity V are
obtained from Formulae (3) and (4) on page K6.

b, ¢ Lubrication factor (Refer to Table 8.)
b3« Sliding velocity factor (Refer to Fig. 3.)
Cgt* Dynamic load capacity considering

temperature increase, N 2
(Refer to Formula (1).) a
P « Equivalent radial load, N AN
(Refer to Formula (2).) Né 2
Ly, « Life in hours, h Z Permissible range
- ) 1
f « Number of oscillations per minute, cpm = o8
06
g
2 04
Table 8 Load directional factor by and lubrication 8
factor by, for lubrication type PILLOBALLSs g 02
<
Load directional factor by Lubrication factor b, 5
Load direction Periodical lubrication O ot ; p P — o 100 200
Constant Alternate None Regular sliding velocity 77 mm/s
1 S 1 15 Fig. 5 pV diagram for maintenance-free type

PILLOBALL Rod Ends

1N=0.102kgf=0.2248lIbs.
1mm=0.03937inch K34
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| 2 §ife calculation

The life of maintenance-free type PILLOBALL Rod
Ends is obtained from the total sliding distance S
which is given in Fig.5 for the contact pressure p
obtained from Formula (3).

The total number of oscillations and life in hours can
be obtained from the following formulae.

G 16.67 - bl-%f e 02 ce oe e ce oo oblde

G
bn* “gor
where, G e« Life (Total number of oscillations)

by ¢ Load directional factor (Refer to
Table 9.)
S« Total sliding distance m
f « Number of oscillations per minute  cpm
V « Sliding velocity mm s
Ly ¢ Life inhours h

Table 9 Load directional factor for maintenance-fr e type PILLOBALLs by

[o=NoNoNoWoWoWoWoWo o NoRe 5 Xo )

ULubrication

Maintenance-free type PILLOBALL Rod Ends have a
sliding surface lined with a self-lubricating lining.
Therefore, they can be used without lubrication.
Lubrication type PILLOBALLs are not provided with
prepacked grease. Perform proper lubrication for
use. Operating without lubrication will increase the
wear of the sliding contact surfaces and cause
seizure.

UQil Hole and Grease Nipple

Table 10 shows the specifications of oil hole and
grease nipple on the outer ring or body. When a
grease gun that fits the grease nipple is required,
please contact I .

For PILLOBALLs without an oil hole and grease nip-
ple, apply grease directly on the spherical surface.

Table 10 Specifications of oil hole and grease nipple

Load direction Constant Alternate Type
- - Bore diameter of inner rifig Specification
Load directional factor by i 02! d mm
Note 1 This value is applicable when the load changes compara- PB 1 oil hole + oil groove
tively slowly. When the load changes rapidly, please con-
sult TICE , as the factor degreases sharply. PHS d %4 None
4 »d With grease nipple
d %4 None
POS 4 » d %6 1 oil hole
. 6 »d With grease nipple
£ 5 - -
£ . PHSA With grease nipple
z
a 3 PHS eEC | POS eEC None
g RS
g o e
g 10 20 50 100 200 500 1000 X 10°
% Total sliding distance S m
o

Fig. 6 Contact pressure and total sliding distance for
maintenance-free type PILLOBALL Rod Ends
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U Operating Temperature Range

The maximum allowable temperature for Lubrication
type PILLOBALLs is +180 ,C for the insert type and
+80 C for the die-cast type.

The maximum allowable temperature for Maintenance-
free type PILLOBALL Rod Ends is +150 (.

UPrecautions for Use

@ Tightening depth

The recommended tightening depth of the screw into
the PILLOBALL Rod End body is shown below.

Insert type and maintenance-free type: 1.25 times the
nominal thread dia. or more.

Die-cast type: 2 times the nominal thread dia. or
more.

@ Allowable tilting angle
The allowable tilting angle differs depending on the
mounting structure as shown in Table 11.

Table 11 Allowable tilting angle

L

unit: degree
d PB ! | PHS| POS PHSA
Bore diamete] PHS ceEC | POS ceEC

mm a a, a a;

3 7 138 n u

4 7 13 N u

B 8 13 7 13

6 8 13 7 1%

8 8 14 8 14
10 8 14 8 14
iz 8 13 8 13
14 10 16 9 16
16 9 15 9 15
18 15 9 15
20 9 15 9 15
22 10 15 9 15
25 9 15 N u
28 9 15 N u
30 10 17 N u

Note I In the case of the PB series, & is applicable in general.

Table 12 Allowable tilting angle for inch series

unit: degree
With female With male a a,
thread thread
PHSB 2 POSB 2 8 16
PHSB 2.5 POSB 2.5 7 12
PHSB 3 POSB 3 6 10
PHSB 4 POSB 4 7 13
PHSB 5 POSB 5 6 10
PHSB 6 POSB 6 6 11
PHSB 7 POSB 7 7 11
PHSB 8 POSB 8 6 9
PHSB 10 POSB 10 7 11
PHSB 12 POSB 12 6 10
PHSB 16 POSB 16 7 14

1N=0.102kgf=0.2248lbs.

1mm=0.03937inch

K36
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Lubrication Type PILLOBALL Spherical Bushings [[iEEiMNeE Lubrication Type PILLOBALL Rod Ends [ NN nE ERIGEEE

PB PHS
Mass Boundary dimensions mm Dynamicload | Static load Mass Boundary dimensions mm Dynanic oad | e lad
dentfication | (Ref) ca?"y capacty Identiication | (R€f) “gc"y wgw
number 1 |Ball dia. d s number Thread 1 [Ball dia. d S
d | D| C | B | di |fsmn mm d G |dy Cy [B|dy|lg|hyflg)ls|W|d3|d ismn mm
g (inch) N N 9 (inch) N N
PB 5| 85| 5|16 |6 | 8| 77|02 ™12l 3570| 7850 PHS 3| 57| 3|M3.05 |12 45 | 6| 52 27| 21/10| 3 | 55 5 | 65 02 | /98] 1750 3670
PB 6 | 13 6|18 |675 9| 9 |02 |*2/% 4200/ 10100 PHS 4| 119] 4{M 4.07 |14] 53 | 7| 65| 31 24/12| 4 | 8 | 8 | 95/ 02 | P°2°) 2430 4680
PB 8 | 24 8|22 |9 |12 |104] 02 |85 7010/ 16800 PHS 5| 165 5\M5.08 |16] 6 | 8| 7.7 35| 27/14| 4 | 9 |9 |11 |02 M2 3970 5730
PB10 | 30 | 10 | 26 105 | 14 |129] 0.2 |129%0] 9810 | 23500 PHS 6| 25 [ 6{M6-1 |18) 675 9| 9 | 39| 30/24| 5 |11 |10 |13 | 0.2 | 22700 4200 6910
PB12 | 58 | 12 | 30 |12 | 16 | 154 0.2 |?%225] 13100 | 31400 PHS 8| 43 |8|M8.125/22) 9 |12[104] 47| 36/17| 5 |14 |125[16 | 0.2 |2>8/°] 7010[10200
PB14 | 84 | 14 | 34 [135 | 19 | 169 0.3 |2>4%0| 16800 | 40400 PHS10 | 72 [10|M10-15 |26/105 |14[12.9] 56| 43(21| 65/17 |15 |19 | 0.2 | 2200} 9810|1330
PB16 | 111 | 16 | 38 |15 | 21 |19.4| 0.3 |?8573] 21000 | 50400 PHS12 | 107 [12|M12.175|30{12 |16(15.4| 65| 50/24| 65/19 |17.5]22 | 0.2 | 22225)13100] 16 900
PB18 | 160 | 18 | 42 165 | 23 |21.9| 0.3 |3/20] 25700 | 61600 PHS14 | 160 [14|M14.2 |34[135 |19(169] 74| 57(27| 8 |22 |20 |25 | 0.2 | 25400] 16 800] 20 900
34.925 28575
PB20 | 210 | 20 | 46 (18 | 25 |24.4) 0.3 |3+925] 30800 | 74000 PHS16 | 210 |16m16-2 (38|15 |21|19.4] 83| 64|33 8 |22 |22 |27 | 0.2 | 28573 21 000 25 400
PB22 | 265 | 22 | 50 [20 | 28 |25.8| 03 38190 37400 89700 PHS18 | 295 |18|M18-15 |42|165 |23[209| 92| 71|36/10 |27 |25 |31 | 0.2 | 3750 25700/ 30 200
PB25 | 300 | 25 | 56 |22 | 31 |29.6| 0.6 |*%8%2] 46200 | 111 000 PHS20 | 380 [20|M20-15 |4618 |25(24.4| 100 77/40[10 |30 |27534 | 02 | 34925) 30 800| 35 500
PB28 | 410 | 28 | 62 |25 | 35 |323| 0.6 |*/625] 58400 | 140 000 PHS22 | 490 |22|M22.15 |50[20 |28|25:8|100| 84|4312 |32 |30 |37 | 0.2 | 3810037400\ 41700
PB30 | 610 | 30 | 66 |25 | 37 | 348 0.6 |%98%0| 62300 | 149 000 PHS25 | 750 [25|M24.2 |60{22 |31|2056| 124| 94|48[12 |36 |335[42 | 0.6 | “4B5%] 46 200| 72 700
PHS28 | 950 [28|M27-2 |66|25 |35(32.3136| 1035312 |41 |37 |46 | 0.6 |47625) 58 400] 87 000
PHS30 (1130 [30|M30-2 |70[25 |37|348|145|110(56]15 |41 |40 |50 | 0.6 | 5089062300/ 92 200
Note() Minimum allowable value of chamfer dimensions I'1 and I'» Note(?) Minimum allowable value of chamfer dimension I 1
Remarksl. The outer ring has an oil groove and an oil hole. Remarks1. Neither oil hole nor grease nipple is provided for PHS with an inner ring bore diameter d of 4 mm or less.
2. Not provided with prepacked grease. Perform proper lubrication for use. For others, a grease nipple is provided on the body.

2. Not provided with prepacked grease. Perform proper lubrication for use.
3. When a metric fine thread specification is required, please contact LICM .

1N=0.102kgf=0.2248lbs.

1mm=0.03937inch K38
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Boundary dimensions Static
load load

mm(inch oad
Identification ( ) capacity

number

14] 953| 902| 4285 475| 3332 1905| 953 953|1189) 05 |13097| , o0 | 1o
(.281)|( .375)|(.355)|(1.687)|( .187)|(1312)|( .750)|( .375)|( .375)|( .468)|( .020)| ¢ # 6
31 1313 5398 635 412823801427 1427 1745 05 |18286| o0 | oo
06) ( 517)|(2:125)|( .250)|(1.625)|( .987)|( 562)|( .562)|( .687)|( .020)| ¢ @sie
13 | 12700 |20UNF 3332|1270 | 1588 1773 7064 635 539813015 1905|1905 2223| 05 |23812| 4o | a6 000
(5000)| ( 5000)|(1.312)|( 500)|( .625)|( .698)|(2.781)|( .250)|(2:125)(1.187)|( .750)|( .750)|( .875)|( 020)| ¢ w1H
2858| 05 |33338

1N=0.102kgf=0.2248lbs.

1mm=0.03937inch K40
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Boundary dimensions mm Static load
- capacity
Identification
number Thread

67 27| 556 | 714 632| 3571| 2858|1588 | 03 | 952
50 -28UNF 14| 953 | 902| 49.20] 3967|2540 | 05 | 13097
31| 1270 | 1313 | 6193| 4923|3175 | 05 | 18256

PHSA 20

3332 | 1270 | 1588 | 17.73 | 7859 6193| 3810 | 05 | 28812 |,y oo | soos PHSA22 | 500 |22 |M22- 15 |54 |20 |28|258/111 |84 47|12 32|30 |37 |03 [%81%040400
! 12) | (500 | ( .625) | (.698) | (3.004) | (2438) | (L500) | ( .020) | ¢ 14/ :
POSB 10
4445 | 1745 | 2223 | 2484 | 95.25| 7303| 4445 | 05 | 33338
POSB 16

Licm

1N=0.102kgf=0.2248lbs.

1mm=0.03937inch K42
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Boundary dimensions mm

Identification
number Thread

POS 5EC
o Teluos om0 s sl 219 o]
POS 8EC

POS 12EC

N e N e

"

PHS 12EC
S N

PHS 16EC POS 16EC
PHS 20EC POS 20EC
ICm T
K43 1N=0.102kgf=0.2248lIbs. K44

1mm=0.03937inch



