TECHNICAL DATA OF BALL SCREWS

DESIGNING OF SCREW SHAFT
*MOUNTING METHODS FOR SCREW SHAFT

There are four basic methods of mounting shown as below. When heavy operation, screw shaft supporting method has a
direct relation to permissible axial load and permissible number of rotations at critical speed.

Screw shaft supporting method Application example
Fixed-Supported Distance between supports (Critical speed : One end fixed other end supported)
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*PERMISSIBLE AXIAL LOAD

A diagram of permissible axial load for selecting the

minimum shaft diameter for the axial load is shown below.

(1)The oblique line indicates the permissible axial load determined
by taking account of buckling of the screw shaft. Read a scale

Generally, the buckling load of a long column can be
worked out from the Euler's equation.

However, when the slenderness ratio £ /k (k:Secondary
radius of section) is 90 or less, use the Rankine's equation

corresponding to the screw shaft supporting method.

(2)The line perallel to the line representing the distance between
loading points indicates the permissible tensile/compression
load. Read on the scale mark of “@ Supported-Supported”. Pi= nn;EI (N oo @

(3)The line perpendicular to the line representing the
Distance between loading points indicates the screw shaft Where,
length of ball screws manufacturable in the standard P :Load at which buckling starts (N)
process in KURODA. (See Table 6 in Page 389.) 2 : Distance between loading points (mm)

E: Young's modulus (2.06X10°N/mm?)

|: Minimum secondary moment of screw shaft root cross section (mm¢)

or the Tetmajer's equation.

*Buckling load worked out from Euler's equation

*Permissible axial load to buckling load:P

P=0Pk (N)-eoeeeieeecieeeieisceeeeeeeene @® |=g74d4
Where, . . .
PBucking load (N) d:Screw shaft root diameter (mm) Refer to Dimension Tables.
k.
Safet fg for (0:20.5) n:Coefficient to be determined by supporting method of ball screw
o:Safety factor (a=0.
Supported-Supported n=1
It may be sometimes necessary to set the Fixiz Su ortzz =2
safety factor at a larger value according to the Fixed-Fi ZZ n=a
ixed-Fix =
degree of required safety. ,
Fixed-Free n=0.25
100 T TTTTTTTTITTT T T T T
24 3] 154 3 Screw shaft diameter (mm)
15 : . 480
' \
<z . 2 10° 4 5 \ Example
W 10°+ 8 4 563
g o o 1.57 ] - Selecting a shaft diameter when the
e 2 6] 10° g: 3 UL \ screw shaft is supported witHFixed-
% 3 5 35 4 2 \ Supported”’and a compession load of
63 47 of 3{ 15 44 24000N (maximum axial load) is
Mo 31 T , . N \ applied to a distance of 2000mm as
= . 1 10 . .
= N ] °‘3“ -+ loading points (between nut and shaft
s 15 6 25 \ \\ \ h end support)
©
= \ 24 10° 1 5 s 1. Find out the intersecting point
s 1085 151 8] 4 40 N where the permissible axial
2 1 105 6: 3 \ compression load on the scale
5 67 i \ \ . .
o 54 g 4- 2 415 \ ofFixed-Supported”is 24000N and
H ] 3 %0016?\‘ \ the distance between loading
37 i' N e ; \ - points is 2000mm as shown by a
2 o] 5] =)0 e i thick line in Fig.7.
154 ' 6 \\ \ \ \ 2. Then, select a shaft diameter of
2 10° 7 5 N\ \ h 40mm or more which is shown from
3} .
108: 151 8] 4 C \\ \ the line outside the intersecting
6] 10° g: ’ \ point.
s1 8] 4] 2 A\ NI N
M 8 31 15 \ \
3- 5 Screw shaft supporting method
44 . 3 .
2 07 15 2 3 4567890 152 3 4 567 ®foed F_ree
t t ' N . . . (@ Fixed-Fixed
Q @ @ @ Distance between loading points (mm) ® Fixed-Supported
Screw shaft supporting method @ Supported-Supported

Fig. 7 Diagram of permissible axial load
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*PERMISSIBLE NUMBER OF
REVOLUTIONS

The permissible number of revolutions of ball screws is

expressed by DmN value which means the limit of

operating speed of recirculating balls in the nut and the
critical speed of the rotary shaft.

A diagram for selecting the optimum shaft diameter

corresponding to the number of revolutions is shown in

Fig. 8 on Page 398.

(1)The oblique line indicates the number of revolutions
determined by taking account of the critical speed.

Read a scale corresponding to the screw shaft
supporting method.

(2)The line parallel to the line representing the distance
between supports is prepared on the basis of DmN
value which is the limit of operating speed.

Read on the scale mark of “@ Supported-Supported”.

(3)The line perpendicular to the line representing the
distance between supports indicates the screw shaft
length of ball screws that can be manufactured in the
standard process by KURODA. (See Table 6 on Page
389.)

DmN value

[Ground ball screw]

DMN< 70000.......ceeiiieeiieeee e ®
[Rolled ball screw]

DmMN< 50000........ccceiieeiiiiieee e ®

Where,

Dm:Screw shaft diameter (mm)+A
N: Maximum number of revolutions (min™)

Ball dia. A
0.8 0.24
1.0 03
1.5875 03
20 04
2.3812 0.6
3.175 0.8
3.9688 0.8
4.7625 1.0
6.35 18
7.1438 20
7.9375 20
9.525 24

Consult KURODA for high speed consideration if the DmN on
your application exceeds above mentioned value.

TECHNICAL DATA OF BALL SCREWS

+Critical speed Nc

6022 [10°El
Ne=fay g2 [ ya X

Where,
# :Distance between supports (mm)
fa:Safety factor
E:Young's modulus (2.06X10°N/mm?)
I:Minimum secondary moment of screw shaft root
cross section (mm?)

T
“64

d:Screw shaft root diameter (mm)

I d

Refer to Dimension Tables.
v-Specific gravity (7.8X10°kg/mm?)
A:Sectional area of screw shaft root diameter (mm?)

="
A—4d

A:Factor to be determined according to the
supporting method of ball screws;

Supported-Supported A=T

Fixed-Supported A=3.927
Fixed-Fixed A=4.730
Fixed-Free A=1.875
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TECHNICAL DATA OF BALL SCREWS

Resonance phenomenon arising from the number of revolutions of a ball screw and the characteristic frequency of the screw
shaft is caused by the unbalance of deflection by the empty weight of the shaft at the distance “ £ ” between supports of the
rotation system and the critical speed corresponding to the characteristic frequency increases the amplitude of the vibration.
When the ball screw is practically used, the nut serves as a move bearing, and therefore, the distance “ £ ” between supports
always changes and the shaft deflection changes as well. Since the critical speed shown in Formula @ is transient, consider
it as a permissible number of revolutions to assure safety.

5] 1.5 10° "Screw shaft diameter (mm] Example 1
37 \ 8 <1 Finding the maximum permissible
. 1.5 ng g number of revolutions, provided that
1.5 10' ej . ny the screw shaft is supported
81 o 3 NI with“@Fixed-Supported”, the shaft
- 2
= 108 g” 44 532 diameter is 20mm and the distance
= 7 1
= 6- o4 3 2 ! \\\\4‘40 between supports is 1500mm:
1 "
g . 3 15 N\v $2 1. The vertical thick line in Fig. 8
5 & A g6 .
5] 15 108 Anvimvin A, shows that the distance between
[} Reln
5 37 27 8 P8 100 supports is 1500mm. Find out an
é ,] 157 1000 s — = el N\ \\\‘\ intersecting point with the oblique
2 15 10° s LI N\ line representing the critical speed
o 1 4 & 4 X )
2 8] 56- 1 of the shaft with a diameter of
E100H o ’ 20mm.
(] —
o 8_ i‘ 3 2 2.1n this case, the scale of the
6] 15 permissible number of revolutions
517 34 o i .
4 102 L for the supporting method
ﬁ% 34 2 157 8 of“@Fixed-Supported” reads
S % 154 102 4 6 1076min”', which gives the maximum
IO 27 & 5 permissible number of revolutions.
% 3 154107 ] 4
5 & 81 o 3 Example 2
t 5 10 Sj g‘ 47 Finding a shaft diameter that can
37 %oz 15 2 3 456789100 15 2 3 4 567 meet the maximum number of
é é) é) CI) Distance between supports (mm) reV0|Uti0nS“1000min'1", pr0V|ded that
Screw shaft supporting method the screw shaft is supported with
S bt » hod “(@Fixed-Fixed” and the distance
@C;ivgd_sﬁze supporting metho between supports is 2000mm.
@ Fixed-Fixed 1. The vertical dotted line in Fig. 8
%Fixe"‘S”PPO”Qd shows that the distance between
Supported-Supported . .
upporied-=tpporte supports is 2000mm. Find out an
Fig. 8 Diagram of permissible number of revolutions intersecting point with the line of

the permissible number of
revolutions “1000min™""on the scale
of “@Fixed-Fixed”.

2.In this case, a shaft diameter of
25mm meets the requirement.
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