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Ball screw

1.Design manual
1.1 Feature
(1) Feature of ball screw

1) High transmission efficiency and low
friction loss

Power transmission is by rolling of very high
surface finish steel ball along with round internal
and external profiles, that is different from the
sliding screw surfaces, resulting in high mechanical
efficiency of 90%. Further more, coefficient of
friction is extremely low as 0.003-0.010. (refer Fig.1)

2) No stick slip

As the high surface finish steel ball is rolling along
the lapping finished ball track on screw even the
difference between the coefficient of static friction
and dynamic friction is small, it does not cause the
stick slip motion as in case of the sliding screw at
low speed.

3) Reversibility

Because the friction resistance is very low, basic
system lends it self for complete reversibility and by
this reversibility the movement can be easily convert
the linear motion to the rotary motion and the rotary
motion to the linear motion.

4) No backlash

By providing the preload to the nut system,
backlash is eliminated and that increases the
stiffness of ball nut.

5) Less wear and long life

Because of the steel balls are rolling on the
screw grooves so the wear is extremely low, if the
good lubrication is provided and the elimination
of intrusion of foreign matters are done, it can be
used for a long term without any decrease in initial
accuracy.
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Fig. 1 Normal operation efficiency of ball screw
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Fig. 2 Back drive efficiency of ball screw

(2) Feature of TSUBAKI NAKASHIMA

ball screws

Tsubaki Nakashima Co., Ltd. (former
Tsubakimoto Precision Products Co., Ltd.) was
the first manufacturer that manufactured and sold
the ball screw for general industrial use in Japan.
TSUBAKI NAKASHIMA ball screws have the
following special feature besides the general feature

1) Excellent accuracy

Different from the other companies, TSUBAKI
NAKASHIMA consistently produces all components
of ball screws including the balls with the high
accuracy facility. Moreover, grinding, assembly
and inspection are operated under critically
controlled temperature in the factory, and a
furthermore thorough quality control and a proper
production process are developed. These activities
ensure accuracy with excellent life of TSUBAKI
NAKASHIMA ball screw.

2) Excellent durability

Excellent durability is obtained by proper selection
of material, and applying proper heat treatment
(quenching, tempering, and subzero treatment)
from the long experience of the material.

3) Proper groove shape

The Gothic arc shown in Figure 3 is adopted for
the groove shape, and groove geometry is made
by thorough working. The axial clearance can be
eliminated by providing the preload. As a result,
there is no backlash and a proper nut stiffness value
can be obtained.

4) Approach on short delivery

Short lead times are obtained by promoting
steps such as consolidating the production process ,
and arrangement are done to deliver it as early as
possible.

Fig. 3 Ball screw groove profile
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(3) Structure

The ball screw has a recirculation system in
which, the ball is rolling between the screw shaft and
the ball nut, therefore the balls are be continuously
recirculated. The ball screw is composed of the
screw shaft, the ball nut, the ball, and the ball
recirculation system.

(4) Recirculation system

In addition, to provide the high accuracy of
the ball screw for long time, it uses one of, no
contact labyrinth seals, high dustproof effect seals.
Retainers that have no friction of between balls are
also offered. Ceramic ball for high speed and low
noise, low lubrication needs can be selected for
special applications of the TSUBAKI NAKASHIMA
ball screw.

Standards types of the TSUBAKI NAKASHIMA ball screw have three kinds of recirculation systems.
Type D - @ explain the structure and the feature of such system.

1) Tube type

@ In this system rolling ball circulates back in the
return tube fixed above the ball nut body over ball
filled circuits in the ball nut.

@ ltis suitable for the lead up to same size of
nominal diameter of the ball screw shaft.

® The multiple rows can be easily covered, circuit
from 1.5 circuits, 2.5 circuits, 3.5 circuits so on.

@ In T type tube is installed within the diameter of
ball nut and in N type that the tube is located over
the diameter of the ball nut, and ball nut outside
diameter is smaller than that of ball nut of T type.

2) Return cap type

@ In this system the rolling ball is returned within
outside diameter of nut body, via a return cap by
one lead and circulates.

@ ltis suitable for the lead up to about 1/3 times of
nominal diameter of the ball screw.

® The necessary circuits can be separated in the
every circuit.

@ The outside diameter of the ball nut is designed
to smaller size than other recirculation systems.

A3

Fig. 4 Tube type ball recirculation method

Fig. 5 Return cap type ball recirculation method

3) End cap type

@ In this type of system, the recirculation is done
by ball rolling to the end side in the nut and through
the path made inside the nut body from the return
groove of the end cap.

@ ltis suitable for the lead up to 1-3 times of
nominal diameter of the ball screw.

@ The corresponding circuits can be separated
to the ball nut length depending on the number of
starts for multi start threads.

@ The outside diameter of the ball nut is smaller
than T type of nut.

Ball screw

Fig. 6 End cap type ball recirculation method

Tube type ball nut

Return cap type ball nut

End cap type ball nut
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(5) Preload system

For zero backlash and high nut stiffness, four kinds of preload systems can be selected in the application

for the TSUBAKI NAKASHIMA ball screws.

O Constant position preload

Double nuts preload
Integral preload
Oversize ball preload

O Constant pressure preload

1) Double nuts preload

In this system a suitable shim plate is inserted
between two ball nuts and provide preload either
by tension or compression. Insertion of a shim plate
that is thicker than the exact spacing for the ball nut
creates a tension preload and thinner shim plate
creates a compression preload.

A high stiffness is easily obtained, though the total
length of the ball nut becomes long.

It is suitable for a medium and high preload.

2) Integral preload

In this system the preload provided by shifting
two parts of nut threads in the center part of the
single ball nut. The amount of shift in the nut threads
provide different amount of preload.

The total length of the ball nut is smaller than that
of tension preload type, and the structure becomes
simple.

It is suitable for a low and medium preload

A5

Spring type double nut preload
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Fig. 7 Double nuts preload by shim plate
(Constant position preload)

Lead + a

Fig. 8 Integral preload
(Constant position preload)

3) Oversize ball preload

In this system preload is provided by inserting
slightly over sized balls in the space of standard
sized ball space in ball nut.

By four point ball contacts, there is no backlash
but the number of points of contact of balls
increases and the operating friction condition of the
ball screw increases. In such cases the ball spacers
may have to be used for smooth rotation.

It is suitable for a low preload.

4) Spring type double nuts preload

In this system a spring is inserted between two
ball nuts to provide the preload.

The change of the preload due to the wear
out of the ball screw groove is compensated. It is
necessary to consider differential stiffness in two
direction of load.

Only RR series of a general industrial ball screw
uses this of preload.

Ball screw

Fig. 9 Oversize ball preload
(Constant position preload)

Fig. 10 Spring type double nuts preload
(Constant pressure preload)
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1.2 TSUBAKI NAKASHIMA ball screw classification and series

Ball screw
Ball screw

TSUBAKI NAKASHIMA ball screw series

Precision ball screw .
— ] — Precision rolled ball screw

FB series (P. A9) '
Ball screw with ceramic ball 8D series (P. A201)
iesi i TN series (P. A201
Precision ball screw (P. A63) CB series is available. (PA12) I ( )
Precision ball screw — _ RT series (P. A205)
Made to order (Standard, )
(C0~C5) special type of nut) Ball screw with retainer Standard stock RGF series (P. A205)
L . SL series (P. A203)
VB series is available. (PA13) Ball screw — ,
Hollow shaft ball screw (C5 ~ C10) TL series (P. A203)

(Ball screw cooling)
TH series (P. A198)

—— Ball screw for general industry

—— Standard precision ball screw for machine tool — R (mm) series (P. A211)
STS series (P. A151) R (inch) series (P. A225)
STD series (P. 155A) RS series (P. A219)
SZD series (P. A157) RZ series (P. A227)

RR series (P. A223)

R2 series (P. A215)

RE series (P. A217)

Right & left hands series (P. A229)
G series (P. A233)

TF series (P. A235)

EF series (P. A239)

MF series (P. A239)

TM series (P. A241)

Standard precision
Ball screw —— Standard precision ball screw for low load
(Co~C5) STS series (P. A167)
SNS series (P. A178)

— Standard precision miniature ball screw —
SMS series (P. A181)

Heavy load capacity ball screw
HN-FB series (P. A11) Ball screw with ceramic ball

CB series is available(A12)

Heavy load capacity Heavy load capacity ball screw g:iesscsrzz for E— fgg? i[jttlj(r;t A(Z.S'g?“g)
Precision ball screw HN series (P. A57) Ball screw with retainer '
(C3 ~C7) VB series is available. (A13)

Ultra heavy load capacity

Ball screw

UHD series (P. A14)

A7 A8



(1) FB series The production of the ball screw of a higher slenderness ratio (total length/shaft

diameter) enabled by the continuous deformation working.

Ball screw

The precision ball screw (ground ball screw) has evolved!
The FB series ball screw with high strength is made from deformation working that doesn't cut
the metal structure.

The FB series has higher strength on ball rolling
surface than the ground ball screws; the screw
shaft is superior in wear and abrasion resistance.
The ground ball screw shaft is usually formed by
cutting and the grinding work, which improves
form accuracy and reduces defective surface
roughness of the ball rolling contact surface. In FB
series the groove of the screw shaft is formed by
thread rolling which is cold deformation working
. The metallographic structure of the surface of
the groove is transformed by plastic deformation
along the shape of the ball rolling contact surface,
and work hardening by a high stress makes the
metallographic structure exact, strength is high, and
defective surface roughness more smooth than the
ground ball screws.

TSUBAKI NAKASHIMA offers a short delivery
time and the low price for FB series ball screw.

Due to the above manufacturing process of the
FB series it is possible to reduce cost of the working
of screw shaft. For the ground ball screw, production
cost of threaded portion of the screw shaft is large
and it is proportional to the length. However in case
of the FB series, due to high efficiency production is
possible because deformation working by the single
pass of the screw shaft.

It is a high efficiency, an energy saving process,
because the groove is formed by deformation
working in this respect it is a favorable for the
environment concern compared with other working
methods, and a working method does not to put out
the chip and to contribute to the saving resource
and the reduction of waste.

A9

Earlier when a high slenderness ratio of ground
ball screw with the small diameter was produced,
the machining time of the ball screw thread was
long and production was difficult and expensive
due to the deflection of the screw shaft by the
grinding force. However, a higher slenderness
ratio in FB series has enabled a low-priced ball

Ball screw

screw production by adopting the groove forming

method by the continuous deformation working.
Moreover, the lead linearity that is the feature of the
deformation working can be produced and the any
part of ball screw can supplied as the same quality
production.

FB series can be used same high-quality as the ground ball screw.

lead error
0.006
=
2 oo
()
E 0002
~ ™

0 20 40 60 8 100 120 140 160 180

200 220 240 260 280 300 320 340 360 380 400

measuring point (mm)

Fig. 11 Lead accuracy of FB series

The FB series conforms to the standard in
accordance with the same JIS standard as the
ground ball screw. Lead accuracy, torque deviation,
and run-out accuracy so on, it can be supplied in
stable quality. Moreover, groove surface roughness

Lead accuracy of FB series

Type 40TTFC12-1000C3F
Shaft diameter 40mm

Lead 12mm

The total length 1000mm

Accuracy C3

FB series dimension table (P.A51)

is better than the ground ball screw and wear and
abrasion resistance is improved. The precision ball
screw FB series can accommodate proper amount

of the preload or axial clearance as equal to that
possible in ground ball screw.

Using for the facility for the ball screw working

A10



Ball screw

(2) HN FB series

The precision ball screw (ground ball screw) has evolved!
The production technology that had been improved in the development of the FB
series applied for a heavy duty electric cylinder technology.

R

HN- FB series offers a short delivery and the low price of the ball screw

The HN-FB series have the feature of FB series
that have high strength of the ball rolling surface
of the screw shaft, excellent in wear and abrasion
resistance. So that the heavy duty ball screw user
may also use it to change the hydraulic cylinder to
an electric cylinder

The HN - FB series forms the groove of the
screw shaft by cold deformation working, and shape

Feature

1) The load capacity achieved 2-3 times by a
special design for heavy load application.

2) All parts of the ball screw are configured for
heavy load.

3) It can be used to obtain same higher —quality of
the ground ball screw.

HN FB series dimension table (A51)
HN series dimension table (A63)

A11

on the ball rolling surface is completed by forming.
The metallographic structure is modified by plastic
deformation during rolling, the surface of the groove
is transformed along the shape of the ball rolling
contact surface, and work hardening by a high
stress makes the metallographic structure exact,
strength is high, and defective surface roughness
smooth more than the ground ball screws.

4) When combined with the retainer option, the
jamming up effects by the oscillation is reduced and
the lubricant retention is improved.

5) Select the HN series and the UHD series when
there is no suitable with the HN - FB series.

(3) CB series (with ceramic ball)

The CB series is a hybrid type ball screws with the ceramic balls.

The ball screw uses steel ball (the material:
SUJ2) used for the ball bearing usually, except
when it is required by the specific environment.
However, need of costly cooling system and the
soundproofing measures so on is needed to
decrease heat generation and noise of the ball
screw during high-speed condition when using steel

Feature of ball screw with ceramic ball

1) Possible to run at high speed rotation.

Mass of ceramic is less compared with the steel
ball, and is lower by about 1.5 times, higher speeds
are possible than with steel balls .

2) Low noise.

The ball and the collision noise in the recirculation
part decrease, the acoustic pressure decreases by
5-10dB (A) compared with the steel ball.

Noise measurement of ball screw
Ball screw specification

balls.

To solve these problems, CB series ball screws
uses the ceramic balls. (Silicon nitride ball) The
shape of the ball nut can be same without changing
the design of the nut because it is same as with
using the steel ball.

3) Heat generation value can be reduced.
Coefficient of linear expansion and thermal
conductivity are lower than the steel ball, and
temperature-rise at the high-speed rotation is
controlled.
4) Main application
Semiconductor inserting machine, Fabrication
equipment, Inspection device, Machine tool, and
Injection molding machine so on.

Measuring condition

Screw diameter : 36mm Feeding speed : 25m/min
Lead : 20mm Measuring position : 200mm from center of screw shaft
Ball diameter : 6.35mm Lubrication : Oil (ISO VG68)
Ball screw with steel ball Ball screw with ceramic ball
80 78dB(A) 80
= Id =
< <
g 70 / g 70 5 73dB(A)
; g [ |
§ 60 E 60
(=} o
P4 P4
50 50
1000 0 1000

Moving distance (mm)

Moving distance (mm)

Fig. 12 Comparison of noise of ball screw
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(4) VB series (with retainer)

Resolve the problems by far ! Standardization is first in the world !
A lot of problems were solved by using the retainer to the ball screw.

05 I I

04 .,.....ﬂ-ule"
E
ZI, 0.3
$02
g
© 0.1

0
0 Moving distance (mm) 300

Fig. 13 Dynamic torque of ball screw with retainer

o s |
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® 02
!
& 01
0
0 Moving distance (mm) 300

Fig. 14 Dynamic torque of ball screw with full ball

Friction between
ball and ball

There is a mutual friction of the balls, and the
balls are easily jammed up when running at low
speeds and oscillation.

Fig. 15 Full ball specification

A13

Feature of precision ball screw with retainer
1) Smooth movement without jerky motion of balls
in the ball nut.

2) Deviation of the dynamic preload torque is small
and results in smooth motion.

3) Retention of the lubricant improves, and results in
long-term maintenance-free condition.

4) Achieving long lifetime of the ball screw due to
decrease in the friction loss.

5) No collision noise of the balls and runs at low
noise, and results in good sound quality.

6) Application

Machine tool, Measuring instrument, Medical
equipment, Injection molding machine,
Semiconductor fabrication equipment, and
Controller so on.

The VB series can be produced in the same
designs as given earlier, however, in case that is not
available, please contact us.

No friction between
ball and ball

Retainer

There is no mutual friction of the balls, the ball
may not jammed up when running at low speeds
and oscillation.

Fig. 16 Retainer specification

(5) UHD series

The load capacity of the ball screw has increased dramatically.
Feature of ball screw UHD series for ultra-heavy duty

If you want to increase the load carrying capacity
of the ball screw (life), one method is to increase
the number of effective balls, but it was necessary
to limit the number of balls in one row due to the
friction of balls rubbing each other by the contact,
UHD series which have super-high load capacity is
made by increasing the number of rows.and with
retainers. it possible to increase the number of balls
in one row by use of the retainer which eliminates
the mutual friction of the ball. In addition, the ball nut
shape was made compact by use of the new ball
recirculation method.

1) Possible to offer super-heavy duty load rating.
2) Load capacity is maximum twice higher
compared to the conventional heavy load ball
screw.

3 ) Stiffness is maximum 1.5 times higher
compared to a conventional ball screw.

4) Additional retainer can be used for oscillating
movement

5) Outside diameter of the ball nut is a compact
and even shape.

6) Application is an injection molding machine, a
press, a push bench, and a damping device, etc.

Any type of special design is available. Please
contact us.

Al4
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1.3 Combination of outside diameter of screw shaft and lead (2) Sizes commonly used for injection molding machine

3
. . . [
(1) Sizes commonly used for semiconductor equipment Table 4 Combination of outside diameter of screw shaft and lead of FB series (excerpt) &
7]
Table 1 Combination of outside diameter of screw shaft and lead of FB series (excerpt) Lead Unit: mm =
0l12T1w6120]25 5] OFB Please select oprecision ball screw FB series and ]
Lead Unit: mm Please select the precision 2% | O O © HN.FB © HN-FB series ball screw for heavy load use for
21516 110112115116 120125130132 40 50| 60 ball screw FB series for short ®lol0 short delivery time and the low price. The specification
) o delivery time and the low s lololo corresponds to an electric cylinder application like the
. price. The accuracy classes [a] nozzle, the clamp, the ejector, and the injection and so
§ 00 are C3.C5, and C7. The 5 36 o on; the accuracy grades are C3.C5, and C7.
2|12 @] @] specification corresponds to »|%[O0]0O O Select details from dimension table (P. A51).
5|15 ©] ©] O O O different applications. Select 50 ©) ©) Please select the precision ground ball screw when
16 @) details from dimension table 55 (@) the required dimensions are not in the FB series. Please
20 e) o) o) o) o) (P. A51). Please select the 63 o) select details from dimension table (P.A63).
25 @) @) @) precision ground ball screw 100 @)
when the required size is not
available in the FB series.
Select details from dimension
table (P. A63). Table 5 Combination of outside diameter of screw and lead of precision ball screw (excerpt)
i - Lead ©OHN  Unit: mm
Table2 Combination of outside diameter of screw shaft and lead of ground ball screw (excerpt) © ball HN series f
] 45|68 |10 |12|16 |20 |24 |25]|32]|40] 50 all screw HIN series tor
Lead Unit: mm »slololololo olo 0O ) heavy load. The specification
1|15 2 (25| 3| 4|5 | 6|8 [10|12|15[16|20|25|30]|32] 40|50 % olo olo corresponds to an electric cylinder
4 10O application like the nozzle, the
51 0l0]0O 2|]0]0|O0|O0]O0]O0|O]|O O|0 clamp, the ejector, and the
slololo 36 |0 O O injection and so on; the accuracy
s[slololo 5 5 38 O grades are C3.C5, and C7.
a s | 40 O|lOoO|O|lO|O|0O]|0O O|lO| O Please select details from
2| 10 O|O0|0|0O a [ a5 olo dimension table (P.A63).
G| 12 O|O0|O|O]|O ©) 2
n ® |50 O|O0O|O0O|]O|O|0O0|0O ©|O0 |0 | O
14 olololo]o 8
15 O O O O O > 0l010
63 O|O0O|O0O|0OC|0O0]| 0O ©)
16 O|O O] O O 30 ololoelo o
20 O|O0|O0|O0|0O|O O|O0|O|O O 100 ololo o
25
O|O0|O0|0O|0O O|O0| O O 125 olo o
140 ©}
Table3 Combination of outside diameter of screw shaft and lead of precision rolled ball screw (excerpt) 160 o)
Lead Unit: mm 200 @)
2 |25( 3| 4|5 |6 [10][20]24]25[30]32]40]50 The accuracy classes are
6 C5, and C7. The specification
8 o corresponds to different uses.
. Please select details from
2|10]0 O size table (P. A57).
z | 12 O
S| 14 0|0
16 | O O O
20 O | O ®) ®)
25 ©) OO ®) ©)

A15 A16
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(3) Sizes commonly used for machine tool

Table 6 Combination of outside diameter of screw shaft and lead for FB series (excerpt)

Lead

Unit: mm

o

10

12

15

16

20

25

30

32

40

50

60

O

2
O
O

(o))

(e)e)

Screw Dia.

O|O

O|O|0|0O

(@)

O

Please select the
precision ball screw FB
series for short delivery
time and the low price.
The accuracy grades are
C3.C5. The specification
corresponds to different
applications.

Please select details
from dimension table (P.
A51).

Please select the
precision ground ball
screw when the required
dimensions are not in the
FB series. Please select
details from dimension
table (P. A63).

Table 7 Combination of outside diameter of screw shaft and lead of precision ball screw (excerpt)

Lead

Unit: mm

1.5

[N
3

10

12

15

16

20

24

25|30 | 32 | 40 | 50

O

O|O|O|~

O|0|0

(@)

@)
@)

O|0|O

O|0O

O|O

o|O

(o))

O|0|0|O|O0|0|O|0|0

O[0|O0|0|0O

O[|0|O0|0|0O

O|O

Screw Dia.

@)
@)

o
O

(@]

O|0[|0]|0|0|0O

O[O|0|0|0|0|0O

O|O|O|0O|0|0O

140

O|0|0|0|0O

200

O|O|0|0|0|0
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(4) Sizes commonly used for general industrial machinery and transportation
equipment

Table 9 Combination of outside diameter of screw shaft and lead of general industrial ball screw

series (excerpt)

Screw Dia.

Lead

© Left hand also available

Unit: mm

12

15

20 | 24 | 25 | 30 | 32 | 36

40

50

60

10

2
O
O

O|O|=

12

14

15

16

O|0|0|0

OO0

18

20

©

O

22

25

O|0

28

32

36

40

45

©|0|0|0|0

50

O|0|0|0|0|0|0O

60

63

o

80

O|0|0|O

100

125

140

160

O|0|O0

200

250

O|0|0|0|0O

315

O|0|0|0|0O
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1.4 Lead accuracy
(1) Higher than C5 grade

The lead accuracy of TSUBAKI NAKASHIMA The definition concerning the lead accuracy is
precision ball screw (C0-C5 grade) are based on  shown in figure 17 and the tolerance is shown in

JIS standard (JIS B 1192-1997).

Table 11 and Table 10.

Effective length of thread part (fu)

+| Curve of actual travel (a)

Line of actual mean travel (fm) Line of specified travel ({s)

Line of nominal travel ({0)

Error on travel

Revolutiop

Fig. 17 Explanation of lead accuracy

Table 10 Definition terms of lead accuracy

Term Symbol Definition
. Axial directional travel when rotated arbitrary number of
Nominal travel l o . .
revolutions in accordance with the nominal lead.
Specified travel ‘ Axial directional travel when rotated arbitrary number of
S revolutions in accordance with the specified lead.
Target of specified travel X Value in which nominal travel is decreased from specified
travel to effective length of threaded part.
Axial directional travel obtained by continuous measuring
Actual travel £a .
when ball screw is used.
Difference between the actual mean travel which is
Actual mean travel error Y obtained by the method of least square or a simple and
appropriate approximation and specified travel.
Distance of two straight lines of the parallel in the line of
z the actual travel in the whole area of the effective length
of threaded part and specified travel.
Distance of two straight lines of the parallel in the line of
Travel variation Zao the actual travel at any 300mm and actual mean travel.
Distance of two straight lines of the parallel in the line of
Z,, the actual travel at any 1 revolution (21rad) and actual

mean trave.
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Table 11 Permissible value of actual mean travel errors and travel variations in respect to positioning

ball screw (C series)

Unit: pm
Accuracy grade Cco Cc1 Cc2 C3 C5

Over | Under Y Y z Y 4 Y z Y 4

- 100 3 3.5 5 5 7 8 8 18 18

100 200 35 3 4.5 5 7 7 10 8 20 18

200 315 4 3.5 6 5 8 7 12 8 23 18

315 400 5 3.5 7 5 9 7 13 10 25 20

400 500 6 4 8 5 10 7 15 10 27 20

= 500 630 6 4 9 6 1 8 16 12 30 23
:,E' 630 800 7 5 10 7 13 9 18 13 35 25
% 800 1000 8 6 1 8 15 10 21 15 40 27
% 1000 | 1250 9 6 13 9 18 1 24 16 46 30
g 1250 | 1600 1 7 15 10 21 13 29 18 54 35
E’ 1600 | 2000 18 1 25 15 35 21 65 40
E 2000 | 2500 22 13 30 18 41 24 77 46
" 2500 | 3150 26 15 36 21 50 29 93 54
3150 | 4000 30 18 44 25 60 35 115 65

4000 | 5000 52 30 72 41 140 77

5000 | 6300 65 36 90 50 170 93
6300 | 8000 110 60 210 115
8000 | 10000 260 140
10000 | 12500 320 170

Note: 1. The standard in the part enclosed with
the heavy line is within the range with JIS B
1192, others are as per TSUBAKI NAKASHIMA

standard value.

Note: 2. Though 2 varieties of the C series
and the Cp series are defined as a standard of
the positioning ball screw in JIS B 1192 and
TSUBAKI NAKASHIMA adopts the C series.

Table 12 Permissible value of travel variation at any 300 mm of thread length (Z300) and for one revolution

(z2m)
Unit: pym
Accuracy grade Cco Cc1 C2 C3 C5
Zso 3.5 5 7 18
Zyn 25 4 5 8

A20

Ball screw



Ball screw

(2) Lower than C7 grade

The lead accuracy of a part of FB series, less than C7 such as used in general
industrial application are as shown in Table 13.

Table 13 Permissible value of actual mean travel error (Y) and travel variation at any 300 mm of thread
length (Z300) for transport ball screw.

Unit: ym
Accuracy grade Cc7 | c10
Y Y=Z,, -2+ (Effective lengthL)/300
Zooo 52 | 210

(3) Recommendable lead accuracy according to application

Table 14 Lead accuracy grade of ball screw according to application

O General specification © Major Specification

Application

Lead accuracy grade (C series)

Cco

C7

C10

Lathe

O

Machining center

Milling machine

Drilling machine

0|o0|0|0|8

Jig bola

Grinding machine

Electrical discharge machine

Oolo|e| |o|o|o|2Q

00| |O|o|o|o|Q

Injection molding machine

Steel facility machine

Punching press

Laser beam machine

O|0

"General-purpose machine and
special purpose machine"

(©)

Wood working machine

Photolithography machine

Chemical processing unit

Electronic packing machine

Wire bonder

Blow bar

Printed board punching machine

O|0|0|0| |©

Crtogonal coordinates type robot

Vertical revolute

©|0|0| |O|0jo| |O] © |©0/0|0|0

Three-dimensional measurement
machine

©

Image processor

Atomic energy controller

Aircraft

O|0|0| O |O|0|e| |0]|e|0

0|0

O|Oo
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1.5 Mounting accuracy

The accuracy of respective parts of TSUBAKI
NAKASHIMA ball screw must have the following
seven items of accuracy in accordance with JIS B
1192 and our permissible tolerances are maintained
more accurately than the values in the standard.

@ Radial run-out of the circumference of thread root
and part mounting surface in respect to the to the
screw shaft supporting part axis.

@ Radial run-out of the circumference of the part
mounting surface in respect to the screw-shaft
supported-portion axis.

® Perpendicularity of screw-shaft supported portion
end face to shaft axis.

@ Perpendicularity of flange mounting surface to
the screw shaft axis.

® Radial run-out of the nut circumference in respect
to screw shaft axis.

® Parallelism between the nut circumference (flat
mounting surface) and screw shaft axis.

@ Total radial run-out of threaded part outside in
respect to screw shaft. (C0-C10)

)

(7)
Y4 G (M
Pz T 1A

Fig. 18 Accuracy on respective parts

Table 15 Radial run-out of the circumference of thread root and part mounting surface in respect to the

to the screw shaft supporting part axis.

Unit: pm

0.D of screw (mm) Tolerance of run-out (max.)
Over Under Co c1 C3 C5 Cc7 c10
- 8 3 5 8 10 14 40
8 12 4 5 8 11 14 40
12 20 4 6 9 12 14 40
20 32 5 7 10 13 20 60
32 50 6 8 12 15 20 60
50 80 7 9 13 17 20 60
80 125 - 10 15 20 30 80
125 200 - - - - 30 80
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Since the influence of the runout on screw shaft
axis is included in the measurements of P. A22
®~@ item, its correction is required the correcting
method is obtain a corrected value from the total
run-out of screw shaft axis based on a ratio of the
overall shaft length to the distances between the
supporting point and measuring point, and apply by
adding it to the tolerance of Table 15. The formula is
shown as follows.

A=a+Aa= atL'/L xB

A: Allowable value (um)
a: Standard value in above table 15 (um)
Aa: Correction value
B: Total runouts in radial direction of axis line of

screw shaft (60 um for 500 mm shaft)
L: Total length of screw shaft (mm)
L": Distance from supporting point to measuring

point (mm)

Table 16 Perpendicularity of screw-shaft supported portion end face to shaft axis. Unit: pm

0.D of screw (mm) Tolerance of run-out (max.)
Over Under COo C1 C3 C5 Cc7 C10
-X 8 2 3 4 5) 7 10
8 12 2 3 4 5 7 10
12 20 2 3 4 5) 7 10
20 32 2 3 4 5 7 10
32 50 2 3 4 5) 8 12
50 80 3 4 5 7 10 14
80 125 - 4 6 8 1 16
125 200 - — — — 13 18
Table 17 Perpendicularity of flange mounting surface to the screw shaft axis. Unit: um
0.D of screw (mm) Tolerance of run-out (max.)
Over Under co C1 C3 C5 Cc7 C10
- 20 5) 6 8 10 14 20
20 32 5 6 8 10 14 20
32 50 6 7 8 1 18 30
50 80 7 8 10 13 18 30
80 125 7 9 12 15 20 40
125 160 8 10 13 17 20 40
160 200 - 1 14 18 25 50
200 250 - 12 15 20 25 50
250 300 - - - - 25 50
Table 18 Radial run-out of the nut circumference in respect to screw shaft axis.  Unit: um
0.D of screw (mm) Tolerance of run-out (max.)
Over Under Co C1 C3 C5 Cc7 C10
- 20 5 6 9 12 20 40
20 32 6 7 10 12 20 40
32 50 7 8 12 15 30 60
50 80 8 10 15 19 30 60
80 125 9 12 20 27 40 80
125 160 10 13 22 30 40 80
160 200 - 16 25 34 50 100
200 250 - 18 28 38 50 100
250 300 - - - - 50 100
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Table 19 Perpendicularity of flange mounting surface to the screw shaft axis.

Unit: pm E)
o
n?f)aunnt:?r:: :;r:_?:;z:) Tolerance of parallelism (max) ‘=u;
Over Under co c1 c3 C5 c7 C10 m
- 50 5 6 8 10 17 30
50 100 7 8 10 13 17 30
100 200 - 10 13 17 30 50
200 400 - - - - 30 50
Table 20 Total radial run-out of threaded part outside in respect to screw shaft. (C0)
Unit: pm
Nominal Dia.| Over - 8 12 20 32 50 80 125
Length Under 8 12 20 32 50 80 125 200
Over Under
- 125 15 15 15
125 200 25 20 20 15
200 315 35 25 20 20
315 400 B85] 25 20 15
400 500 45 35 25 20
500 630 50 40 30 20 15
630 800 50 85] 25 20
800 1000 65 45 30 25
1000 1250 85 55] 40 30
1250 1600 110 70 50 40
1600 2000 95 65 45
Table 21 Total radial run-out of threaded part outside in respect to screw shaft. (C1) Unit: um
ominal Dia.| Over - 12 20 32 50 80 125
Length Under 8 12 20 32 50 80 125 200
Over Under
- 125 20 20 15
125 200 30 25 20 15
200 315 40 30 25 20
315 400 45 40 30 25 20
400 500 50 40 30 25
500 630 60 45 35 25 20
630 800 60 40 30 25
800 1000 75 55] 40 30 25
1000 1250 95 65 45 35 30
1250 1600 130 85 60 45 85}
1600 2000 120 80 55 40
2000 2500 100 70 50
2500 3150 130 90 60
3150 4000 120 80
A24
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Table 22 Total radial run-out of threaded part outside in respect to screw shaft. (C3)

Unit: ym
Nominal Dia.| Over - 8 12 20 32 50 80 125
Length Under 8 12 20 32 50 80 125 200
Over Under
- 125 25 25 20
125 200 35 35 25 20
200 315 50 40 30 25
315 400 60 50 40 35 25
400 500 65 50 40 30
500 630 70 55] 45 35 30
630 800 70 55 40 35
800 1000 95 65 50 40 30
1000 1250 120 85 60 45 35
1250 1600 160 110 75 55 40
1600 2000 140 95 70 50
2000 2500 120 85 60
2500 3150 160 110 75
3150 4000 220 150 100
4000 5000 200 130
able 23 Total radial run-out of threaded part outside in respect to screw shaft. (C5) Unit: pm
Nominal Dia.| Over - 8 12 20 32 50 80 125
Length Under 8 12 20 32 50 80 125 200
Over Under
- 125 35 35 35
125 200 50 40 40 35
200 315 65 55 45 40
315 400 75 65 55] 45 85}
400 500 80 60 50 45
500 630 90 75 60 50 40
630 800 90 70 5 45
800 1000 120 85 65 50 45
1000 1250 150 100 75 60 50
1250 1600 190 130 95 70 55
1600 2000 170 120 85 65
2000 2500 150 110 80
2500 3150 200 140 95
3150 4000 260 180 120
4000 5000 240 160
5000 6300 310 210
6300 8000 280
8000 10000 370
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1.6 Preload torque

The preload torque of the TSUBAKI NAKASHIMA
ball screws conforms to the standard in accordance
with JIS B 1192, and the permissible value of

accuracy class of the ball screw, and defined as
shown in Figure 19. Table 25 shows the permissible
value of the basic torque deviation ratio.

the basic torque deviation ratio is defined by the

Table 24 Definition of preload torque

actual torque

Term Symbole Definition
In order to decrease or elliminate the backlash and to increase rigidity of the
ball nut, a preloading force is added to the ball nut by assmbling a group of
Preload Fer . : . . ' . 2
over size balls or using a pair of nuts being displaced in axial direction to each
other.
Torque required to rotate the preloaded ball nut relative to the ball screw shaft, or
Dynamic drag torque Te vice versa, in the absence of an external load and any friction torque of the end
seals.
Total dynamic dra . . . _
v 9 T, Dynamic drag torque including the friction torque of the end seals.
torque
Basic torque Teo Dynamic drag torque which has been established as the target.
Fluctuation value of Fluctuation value of dynamic drag torque which has been established as target.
i A Tpo . o . )
basic torque This is taken as the positive and negative in respect to the basick torque.
Fluctuation rate of
i — Rate of fluctuation value of basic torque A Tpoto the basic torque Tpo.
basic torque
Dynamic torque curve measured and recorded on the actual preloaded ball
Actual torque curve —
SCrews.
Arithmetic mean values of the maximum value and the minimum valueo f a the
Mean acutual torque Toa actual torque curve exccluded starting torque, when measured allowing the nut
to behave reciprocating motion on the effective length of threaded part.
Fluctuation value of maxmum flucuation vglue of actual torque curve exgluded t_he starting torqge,
AT, |when measured allowing the nut to behave reciprocating motion on the effective

length of threaded part.

fluctuation rate of
actual torque

Rate of fluctuation value of actual torque AT, to the mean actual torque T,,
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