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Company Profile

Shenzhen Jinwangda Electromechanical Co., Ltd. (brand AKD) was established
in 2009. We are a national high-tech enterprise dedicated to the research and
development, production, and sales of high-end automation core components,
as well as a specialized and innovative technology enterprise in Guangdong
Province.

Main products: Precision linear guides, precision ball screws, precision
planetary roller screws, precision reducers, KKR steel-based modules, GTHA
embedded aluminum-based modules, KTH/KTB/KCH/KCB series aluminum-
based modules, KDG/KDA/KY series electric cylinders, linear motors, DD
motors, hollow rotary tables, screws and support seats, etc.

Application fields: Semiconductor, 3C electronics, new energy, LCD/LED
panels, medical, machine tools, humanoid robots, and other high-end
automation industries.

Management System:1S09001 Quality Management System.

Intellectual Property: The company has 8 invention patents, 33 utility model
patents, 29 appearance patents, and 11 software copyrights.

Product certification: CE, ROHS.

AKD always adheres to the values of pragmatism and innovation, and the
development concept of trust and persistence; Dedicated to building a well-
known brand in the field of high-end automation core components, gradually
achieving the internationalization of AKD brand. Through decades of
continuous efforts and focus, AKD's revenue has always maintained a steady
growth trend, with a wide range of market applications, creating a double good
reputation for both brand and product, and winning unanimous recognition
from peers and customers.

= National High-Tech Enterprise = Guangdong SRDI Enterprise

* Shenzhen High-Tech Enterprise = Partner Unit of Robotics Technology and the State Key Laboratory
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Mission: Vision: Corevalues:
Make industrial design more precise and easy Become a cost-effective and long-term reliable partner for Pragmatic and innovative.
to operate. customers!

Become a leading brand in automation core components.

Accuracy Kind Design

Precision, pursuit of precision  Treat customers, employees, and shareholders  Design, originality, and innovation
with sincerity and friendliness
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With high positioning accuracy and high-speed movement, it can bear loads in different directions at the same time,
and is advantaged by easy assembly and simple lubrication structure
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(2) Smooth motion

Asshownin figure 1.1.1, ball screws have higher efficiency
than traditional screws, requiring only 30% or less torque,
and can easily convert linear motion into rotary motion.
Even with preload, ball screws can maintain the smooth
motion characteristics.

(1) High reliability

Ball screws are based on many years of accumulated
product technology. From materials, heat treatment,
manufacturing, inspection to shipment, they are
managed with strict quality assurance system, thus
having high reliability.
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Lead angle (degrees)
Positive efficiency (rotation — linear)
Input-Output relationship formula

Lead angle (degrees)
Positive efficiency (rotation — linear)
Input-Output relationship formula

u: friction coefficient (grinding screw p=0.005 rotary screw p=0.01)

_ 2zmxT T = inputtorquekgf - cm T= (xpxP T = inputtorquekgf - cm

P= ! P = outputthrust kgf 27 P = outputthrust kgf
{ = leadcm | = leadcm
ni= positive efficiency na= positive efficiency

Figure 1.1.1 Mechanical Efficiency of Ball Screws
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(3) No backlash and high rigidity

Asshown in Figure 1.1.2, ball screws adopt a Gothic arch groove shape, and the axial clearance can be easily adjusted to a minimum. In addition, the preload
adjustment is made between one or two nuts to eliminate axial clearance, so that it has appropriate rigidity to meet the operating conditions.

Figure 1.1.2 Gothic arch groove

(4) Circulation method

Figure 1.1.3 Quter circulation Figure 1.1.4 Inner circulation

(5) Excellent durability
Based on many years of accumulated ball screw production technology, the strict materials, high heat treatment and processing technology are adopted to provide

durable products. Itis shownin Table 1.1.1 and Figure 1.1.5.

Table 1.1.1 Material and Heat Treatment

Screw - high
Screw rod carbon steel HRC 58° ~64°
Cr-Mo alloy steel
Nut - chrome

Nut molybdenum HRC 58°~62°

alloy steel
Steel ball-chrome
Steel ball molybdenum HRC 62° UP
alloy steel

Figure 1.1.5 Heat Treatment Diagram
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1-2 Selection Steps of Ball Screw 1-3 Accuracy Design

The lead accuracy of precision ball screws (CO level ~ C5 level) is based on JIS standards and is specified by four characteristic items (E, e, e300, e2m). The definitions
and tolerances of each characteristic are shown in Figure 1.3.1 and Tables 1.3.1to 1.3.3. The accumulative lead errors for general ball screws C7, C10 are specified by
taking the maximum width error tolerance within any 300 mm of effective thread length, as well as the ezoo from Table 1.3.3, which are 0.05 mm and 0.21 mm

respectively.
Load, speed, acceleration, maximum moving distance, positioning accuracy,
expected life, environment (vibration, impact, surrounding gas), lubrication
‘ N Effective length of screw
Accumulative reference lead
Lead accuracy
0

_ Accumulative reference lead T

Precision ball screw General industrial ball screw

'

b
O
[a]
=
3
=4
%. [SH1
p Shaftdiameterand thread length Shaft diameter and lead % 1 Finger Turn On/Off E

a (27 rad)
O
2 Accumulative actual lead
c

Shaftend shape Drive torque Shaftend shape § e
<

Y

‘ Y Accumulative representative lead
Screw length

Figure 1.3.1 Instructions of lead accuracy

- Screw lead

:

—1—> Nut specification

—> System rigidity Terminology Marks Description Admissible value
l Within the effective thread range, it refers to the difference between the accumulative
reference lead and the accumulative nominal lead, that is, considering factors such as

— Positioning accuracy Target vaAlue of p . e : . 3
accumulative lead T thermal expansion and elastic deformation in operation. The accumulative nominal

lead is corrected in advance, and the screw is manufactured accordingly. Its value is
determined by experiment or experience.

A

-— Life prediction l
Accumulative .
¢ ¢ actual lead Actually measured accumulative lead.
Lubrication and dust prevention Accumulative The straight line representing the accumulative actual lead trend is obtained from the
representative lead accumulative actual lead curve by the least squares method or the similar.
Error of accumulative : : . :
representative lead E The value of accumulative representative lead minus accumulative reference lead. Table 1.3.2
Accuracy design (B04) Rigidity inspection (B15)
Screw shaft design (B09) Positioning accuracy (B17) 'I_'he maximum width ofaccumulati\re‘actual lead sar?dwichevl:l betw_efs:n two straight
lines drawn parallel to the accumulative representative lead is specified by the
Drive torque (B13) Life design (B18) e following three items. Maximum width within the effective thread length range. Table1.3.2
Nutdesign (B14 Precautions (B24 Change e 3.
e L R & The maximum width of any 300 mm taken within the effective thread length range. ldhted. A8
em Within the range of one revolution of screw shaft, the maximum width of the Table1.3.3

difference between actually measured value and the reference value of axial
movement of nut corresponding to any rotation angle.
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1-3 Accuracy Design

Table 1.3.2 Tolerance of Accumulative Representative Lead Error (2E) and Change (e) (JIS B 1192) Unit: pm
Accuracy Grade co (It c2 @3 @k c7 C10
Q"'gﬁ Below +E e +E e +E e +E e +E e e e
100 3 3 35 5 5 7 8 8 18 18
100 200 35 3 4.5 5 7 7 10 8 20 18
200 315 4 35 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
o 500 630 6 4 9 6 11 8 16 12 30 23
m
g*. 630 800 7 5 10 7 13 9 18 13 35 25
m
:3' 800 1000 8 6 11 8 15 10 21 15 40 27
(0]
o
[sN
= 1000 1250 9 6 13 9 18 11 24 16 46 30 £50/300mm £210/300mm
2 1250 1600 11 7 15 10 21 13 29 18 54 35
5 1600 2000 18 11 25 15 35 21 65 40
3
= 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
Table 1.3.3 Comparison Table of International Standard Screw Accuracy Unit: pm
Grinding level Rolling level
Class
co i c2 @l @5 @5 c7 C10
I1SO, DIN 7 6 = 12 23 23 52 210
€300 JIS 35 5 - 8 18 18 50 210
AKD 355 5 7 8 18 23 50 210
1-3-2 Axial Clearance
The axial clearance preload levels of precision ball screws are shownin Table 1.3.4.
Table 1.3.4 Axial Clearance Preload Level
Accuracy Grade PO ik P2 P3 P4
Clearance Yes No No No No
Preload No No Light Medium Heavy

1-3 Accuracy Design

The excessive preload will cause a large increase in friction torque and temperature rise effect, which will shorten the expected life. However, too low preload will make
the ball screw insufficient rigidity and increase the possibility of losing steps. AKD recommends that the maximum preload shall not exceed 8% of the dynamic load for
CNC machine tools. For automated X-Y platform mechanisms, the maximum preload shall not exceed 5% of the dynamic load.

Table 1.3.5 Preload (P2) Reference Value

Specification Single-nut spring force (kgf) Double-nut spring force (kgf)
1605 0.1~0.3 0.3~0.6
2005 0.1~0.3 0.3~0.6
2505 0.2~0.5 0.3~0.6
3205 0.2~0.5 0.5~0.8
4005 0.2~0.5 0.5~0.8
2510 0.2~0.5 0.5~0.8
3210 0.3~0.6 0.5~0.8
4010 0.3~0.6 0.5~0.8
5010 0.3~06 0.8~1.2
6310 0.6~1.0 0.8~1.2
8010 0.6~1.0 0.8~1.2
Table 1.3.6 Maximum Axial Clearance of Rolling-level and Grinding-level Ball Screws (P0) Unit: mm
Screw outer diameter size Maximum axial clearance of rolling-level ball screw | Maximum axial clearance of grinding-level ball screw
@04~314 Micro ballscrew 0.05 0.015
@15~@40 Medium-sized ball screw 0.08 0.025
@50~@100 Large-sized ball screw 012 0.05
1-3-3 Mounting Part Accuracy of Ball Screw
For the accuracy for mounting part of ball screw, the necessary items are shown below:
(1) Measure the circumferential runout in radius direction of screw support relative to the axis A of thread groove.
(2) Measure the coaxiality of the part mounting position relative to the axis F of screw support.
(3) Measure the perpendicularity of end face of the support relative to the axis E of screw shaft support.
(4) Measure the perpendicularity of nut reference surface or flange mounting surface relative to the screw axis G.
(5) Measure the coaxiality of outer edge circle (cylindrical) of nut relative to the screw axis A.
(6) Measure the parallelism of nut outer edge (flat head mounting surface) relative to the screw axis C.
(7) Total runoutin radius direction of screw axis.
The accuracy items described tools here are based on JISB1191, 1192.
2) (1) (5) (7) (1)
[l __TFhH s 1Al —Hel __[A] 18] [~ 1Al &
— c
| T 1
| | e AR Ap=al e
e e e }Hy =
(3) | | : [
[l TF] | | [E] g [g
3) A | 4) (3)
[l [F} l  Tdg

Figure 1.3.2 Accuracy of Ball Screw Installation Position
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1-3 Accuracy Design

1-3-4 Preload Torque
The preload torque generated when rotating a ball screw with preload is shown in Figure 1.3.3. The allowable range of preload torque change rate is roughly based on
JIS specifications, as shown in Table 1.3.7.

Starting actual torque

/Change value of negative actual torque

Al o Actual torque
|/ 1o
@ : ,%orgue change value

[

Average actual torque

y Reference torque /
a \ Effective moving distance of nut
g | \Actual torque Average actual torque
§: Effective moving distance of nut
a 3
5 Referencetorque + — - —+ - “Actualtorque
% o \ Actual torque
= Change value of positive actual torque
/ Torgue change value

/
/ Starting actual torque

Figure 1.3.3 Description of preload torque

Meaning of Terminology

(1) Preload
To eliminate the screw clearance and increase the screw rigidity, one set of large-sized steel balls (about 2) are filled into the nut, or two nuts that are displaced
relative to each other in the direction of screw shaft are used to generate the internal action of screw.

(2) Preload dynamic torque
After applying the specified preload to ball screw, it refers to the dynamic torque required to continuously rotate screw shaft or nut without external load.

(3) Reference torque
Itis (1) in Figure 1.3.3, namely the preload torque set as the target.

(4) Torque change value
It refers to the change value of preload torque set as the target. It depends on the positive or negative value relative to reference torque.

(5) Torque change rate
It refers to change rate relative to the reference torque.

(6) Actual torque
Actually measured preload dynamic torque of ball screw.

(7) Average actual torque

It is the arithmetic average between the maximum and minimum torque actually measured when making nuts reciprocating within the effective length of thread part.

(8) Actual torque change value
It is the maximum change value measured when making nuts reciprocating within the effective length of thread part, and the minimum depends on the positive or
negative value relative to actual torque.

(9) Actual torque change rate
It refers to the change rate relative to the average actual torque.

09
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1-3 Accuracy Design

Table 1.3.7 Allowable range of torque change rate

Effective screw length
Referenice torque 4000 Below 4000~10000 Below
gf - cm Slenderness ratio: 1:40 below Slenderness ratio: 40~1:60 below =
Class Class Class
Exceeding | Below Cco Cc1 C2,/G3 5 Co C1 G2:C3 c5 C1 C2,G3 c5
2 4 +35% +40% +45% +55% +45% +45% +55% +65% - - -
4 6 +25% +30% +35% +45% +38% +38% +45% +50% - - -
6 10 +20% +25% +30% +35% +30% +30% +35% +40% - +40% +45%
10 25 +15% +20% +25% +30% +25% +25% +30% +35% - +35% +40%
25 63 +10% +15% +20% +25% +20% +20% +25% +30% - +30% +35%
63 100 - - +15% +20% - - +20% +25% - +25% +30%

Notes: 1. The slenderness ratio is the value obtained by dividing the thread length (mm) of screw shaft by outer diameter of screw shatft.
2. The reference torque is 2kgf X cm below, and managed separately according to AKD specifications.

Calculation of reference torque Te
The calculation formula for reference torque TP (kgf X cm) of the preloaded ball screw is as follows.

Te = 0.05 (tan)®® - 2L
Wherein, Fao = preload (kgf)

B = leadangle

{ = lead(cm)

Measurement condition

The preload torque (T¢) is determined under the test conditions as shown in
Figure 1.3.4. Itinvolves rotating the screw shaft and measuring the force (F)
required to prevent nut from rotating with it. The measured value of (F) is
then multiplied by the length of force arm (L), and the product obtained is

Te.
Te = Fel
Stress meter
(LOAD CELL)
Measurement condition

g : ) Figure 1.3.4 Measurement method of preload dynamic torque
(1) The measurement is carried out without a scraper.

(2) The measured rotation speed is 100rpm.
(3) The viscosity of used lubrication oil complies with provisions of JSK2001
(Viscosity Classification of Lubricating Oils for Industrial Use) based on ISOVG68.
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1-4 Screw Shaft Design (Installation methods of screw shafts for various machine tools)

1-4-1 Installation Method
The installation method is an important item when selecting the appropriate ball screw specification. Figures 1.4.1 to 1.4.8 are installation examples. When the
operating conditions need to be judged under stricter conditions or special installation methods are used, resulting in unclear judgment conditions, please contact

with AKD.

(Installation method of screw shaft and nut) — L

Actuator

Figure 1.4.9 Figure 1.4.11

Figure1.4.1 Figure 1.4.5

e * i p——— N I - -
N Free e o sy ~ fi#f}} o j@

Figure 1.4.2 Figure 1.4.6
Figure1.4.10 Figure1.4.12
Z
Actuator N = R R, Fodink B lied
. S // N (Bearing installation method when pre-tensioning is applied)
~ —— —— : . =
WA 7 7
- Support N
<l - S
_?% < Fixed
. e
Figure1.4.3 Figure 1.4.7 e ) ] Sl B .
J
A R Y
N N Y e Gt Actuator 9 \ Nut adjustment
Actuator R 7 B 7 )
A ’ 3 ,// Shim adjustment_‘."" Nutadjustment“-‘;
[ty i — 7.777“ 237
s = Free S "/ i
&&\\\\ Fixed
Figure 1.4.4 Figure1.4.8 Figure1.4.13 Figure1.4.14 Figure 1.4.15
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1-4 Screw Shaft Design 1-4 Screw Shaft Design

1-4-2 Allowable Axial Load

(1) Buckling load 12
Due to the action of compressive load, itis necessary to check the buckling safety of screw shaft. Figure 1.4.16 shows a chart that organizes the allowable compressive
load of buckling according to the outer diameter of screw. (When the outer diameter of screw shaft is 125mm above, please calculate according to the following 6
formula.) The scale of allowable axial load is selected according to the support method of ball screw. B ~
\\\\\\\.
_ ‘N-x2E _ dr 3 . ] |
P=o L =m 4E - 10 7, S
Wherein . e e i g
— \
o= safety coefficient (o= 0.5) g \\:E::\§§\::\\
I~
E : longitudinal elastic coefficient (E = 2.1 + 10%kgf/mm?) a PaRkar \\‘\\\\\‘* @125
| minimum second torque of screw shaft section & 2100
8 i o 4 1 = e e X ~ o @80
I = Z dr'fmm® 3 = S S P
G4 5 o = &
dr : teeth root diameter of screw shaft (mm) % I~~~ 2a2
L : installation distance (mm) = 4 NI 5%
m « N : the coefficient is determined according to the installation method of ball screw NN z]g
Support-support M =51 (N =1) ~ gé
Support-support M =10.2 (N = 2) 2
Fixed-fixed m =203 (N =4)
Fixed-free m =13 (N =1/4)
10
Support-support: E | | 1 | L L1 I3 | | [ B B X
(2) Allowable tensile and compressive load Fixed - support: F | Jz | | 14 11 ‘EI . - 1 |2 L J4 L1 Jﬁl . e
When the installation distance is short, please check the following P = oA = 11.8 dr’ (kgf) Fixed - fixed: G . A e I I L 11 61 \ v 1
two items not related to the installation. Wherein, . 4 6 8 10° 2 4 6 8 10° 2
) ; : Fixed - free: H [ A | \ I N N | |
® Alowabl Boacd load ( la below) P: allowable tensile and compressive load (kgf) 4 56 8 10° 2 4 5 8 10° 2
Allowable tensile and compressive load (formula below) os ; g : 2 .
corresponding to the reduced stress of screw shaft. SHSLOWaIS S Emel SO Sl ity Method of Erection Rotation Speed

A: cross-sectional area of teeth root diameter of screw shaft (mm?)

A f fi
@ Allowableload offull ball groove part dr: teeth root diameter of screw shaft (mm)

Figure 1.4.17 Allowable Rotation Speed of Shaft Relative to the Critical Rotation Speed

w0 T~ S : 1-4-3 Allowable Rotation Speed
8 H R - i —~ 31'2, (1) Critical speed
6 ~ It must be checked that the rotation speed of ball screw does not resonate with the natural vibration frequency of the screw (the speed at which resonance occursis
1 ™ g —2100 called the critical speed), and the allowable rotation speed is less than 80% of critical speed.
4 = @ = N Figure 1.4.17 shows the allowable rotation speed relative to the critical speed as a line graph according to outer diameter of screw. (When the outer diameter of screw
~ < —+ o3 ~ I~ shaftis 125mm above, please calculate according to the following formula.) The scale of allowable rotation speed is selected according to the support method of ball
=] \\ N ‘ | [ 1 \ screw. When the rotation speed used is higher than critical speed, leading to problems, please add an intermediate support to increase the natural vibration frequency
S 2 Sy P @50 \‘\ 1 of screw, which is also an effective method.
%_ \ "\ g‘q\ ™ \‘\\ (2) Dm-nvalue
2 5 \\ - ‘ \ N The allowable rotation speed is also limited by the Dm X N value (Dm: the center diameter of steel ball, unit: mm, N: rotation speed, unit: rpm) representing the
@ 10— - ‘ e peripheral speed.
¥ 8 N — @25 N BN
3 .
© [ @20 — / .
E) \‘ ™~ - For precision (grinding level C7 above)  Forgeneral industrial (rolling) n=oe go’i_f il—?\ = f d_zr <10(rpm)
2 N l H 28 g = N Dm X N<70,000 Dm X N<50,000 e a £
e [ @12 \ ]| lerem . -
~ @10 NI \\ Ifit is necessary to manufacture ball screws exceeding the above limit, the special o safet_y CQEH'C‘em(G*O-B) ) i
) L \.‘ o8 . n ™~ ™~ measures are required. Please contact with AKD before selection. E : longitudinal elastic coefficient (E=2.1 - 104 kgf/mm’)
N ] \ T~ | : minimum second torque of screw shaft section
&6 ™ # When the ratio of screw length to shaft diameter is €270, the special arrangements are required for .z n "
‘ 4\ \ | ‘ \ | | manufacturing, please contact with AKD. I = 64 dr (mm )
10° | | y [ ]! dr :teeth root diameter of screw shaft (mm)
Support-support: A | | [ B ; | I B B \4 | T B B O : 9 gravi.tationalac;e{eration (g:-?_g ) 10’r3nm/52)
Fixed - support: B | I 2| [ 4\ L > 8 1\0 I |2 [ 4| L v & H\] 1 \2 [ 4\ il " 8 1\0 v | HEpSI/ e mateilly- T8I0 kgf/min) 5
G 4 5 8 107 2 4,5 8 10° ) 4 5 8 108 p) A : cross-sectional area of screw shaft (A=ndr'/4 mm?)
|).<e -tixediC oL é ‘ é ‘103 ‘2 L1 IB ‘ 8“?0‘ é - “' ‘ é — 'mf, ‘2 ‘ i L: \'nstall{jﬁondistancegmm) » A ‘
Fixed-free:D _1 1 11111 | [ B N | N N S I I f, A coefficients determined according to the installation method of
4 6 8 10% 2 4 6 8 10° 2 4 6 10° 2
ball screw
Method of Erection Axial load (kgf) Support-support f = 9.7 (A =m)
Fixed-support  f =15.1 (A = 3.927)
Fixed - fixed f f =219 (A =4.730)
Figure 1.4.16 Allowable Compressive Load of Buckling Fixed - freef f =34 (A=1875
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1-5 Drive torque

1-5-1 Drive Torque TS of Drive Shaft

Ts=Te + To + Tr (atconstant speed)

Ts = Te + Te + To + Tr (during acceleration)
Ta : acceleration torque (1) Te: load torque (2)
To : preload torque (3) Te : friction torque (4)

(1) Acceleration torque Te
Te = Jakgf - cm)

o 28N 2
A= Z5AT (rad/s?)

J: Inertia torque converted from motor shaft (kgf - cm’)
o : angular acceleration (rad/s’)

N : rotation speed (min™)

At start-up time (sec)

(4) Friction torque Tr
Tr=Ts + To + Ti (kgf - cm)
Te : friction torque of support shaft
To : friction torque of free shaft
Ti: friction torque of motor shaft

(2) Load Torque Tr

Te = 225.. (kgf - cm)
P=F+ pmq

P : axial load (kgf)

/2 lead (cm)

N1 : positive efficiency

Efficiency when converting rotary motion into linear motion
F: cuttingforce (kgf)
W - friction coefficient
M : mass of moving object (kg)
g : gravitational acceleration (9.8 m/s’)

P-t-72

Te o
N2 : reverse efficiency

Efficiency when converting linear motion into rotary motion

(kgf - cm)

(3) Preload torque To
_ KPPt .
To= —=——— (kgf - cm)

K : internal coefficient
(Itis usually used as 0.05)

Ppy : preload amount (kgf)
/% lead (cm)
o leadangle

Thefriction torque of support shaft is affected by the amount of lubrication oil. Excessive friction torque may also occur unexpectedly when the oil seal is too tight, or

cause the temperature rise, which requires special attention.

[Reference] Load Inertia Torque (Table 1.5.1)
J=Jps + Jeu + Jw + Jm

Js © inertia torque of ball screw shaft

Jcu 't couplerinertia torque

Jw : inertiatorque of linear motion part

Jm 't inertiatorque of the motor shaft roller part

Table 1.5.1 Conversion Formula of Load Inertia Torque

L\‘& \n <

\\\‘=§=&\\\

Figure 1.5.1 Load inertia torque

Formula
Inertia torque J
converted from mo
| shaft
3
Cylindrical load pLD
32
; : : M Ve 2= M o Py
Linear motion object . ( m) 7} (o)
Unit kg . m’
Inertia torque during Ne
deceleration wm=( g 1Y

p : density (kg/m®) p=7.8 - 10°

L : cylinder length (m)

D : cylinder diameter r (m)

M : mass of linear motion part (kg)

\/ : speed of linear moving object (m/min)
Nuw : rotation speed of motor shaft (min?)

P: movingdistance of object in linear motion per revolution of the motor (m)

N /: rotation speed in linear motion (min?)
J/: inertiatorque in the load direction
Jm: inertia torque in the motor direction

Ball screw

1-6 Nut Design

1-6-1 Nut Selection
(1) Series

AKD.

When selecting a series, the required accuracy, required delivery date, size (screw shaft outer diameter, lead/screw shaft outer diameter ratio), preload amount, etc.

shall be considered.

(2) Circulation method

Select the circulation method: please consider the space economy of nut installation part. The characteristics of circulation method are shown in Table 1.6.1.

(3) Number of circuits

The required performance, life, etc. shall be considered when selecting the number of circuits.

(4) Flange shape (flange)
Please select it according to the space of nut installation part.

(5) Qilfilling hole

The precision ball screw is equipped with oil filling hole, which is used when the machine is assembled and for regular replenishment.

Table 1.6.1 Reference Types of Nut Circulation

Specification

Circulation method 5
Single nut

Characteristics
Double nuts

SFNI

I irculati SFK
nner circulation SENU

BSH

DFU » Theouter diameter of the nutis small (not taking up space).
BEl « |tis suitable for small lead/screw shaft outer diameter ratio.

SFY
SFH
SFA
SFYA

End cover circulation

* Itis suitable for high-speed feed applications.

1-6-2 Nut Type
U-, I-,and M-type nuts

In this type, the steel balls move along the groove of circulator, cross
the crest of screw thread and return to the origin. Generally, a roll of
steel balls circulates once.

(As shown in Figure 1.6.1 below) This type of screw must have at least
one end with full teeth, which is suitable for screws with smaller outer
diameters.

Figure 1.6.1 U, |, M-type nut diagram

K-type nuts

The circulation principle is the same as that of type I, but the circulation positions are
all located on the keyway at the same angle in different circulations.

(As shown in Figure 1.6.2 below)

Figure 1.6.1 K-type nut diagram
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Ball screw Ball screw

1-6N

Y,H,Anuts

Thin and flexible material on both ends of the dust blade reinforces the scraping effect. Reinforcement of the circulation return structure increases the high rigidity and

high speed function. (Fig. 1.6.4 below)

EARRIOOOCCOINNR

o Ao gL

[

Figure 1.6.4Y, YA, H, A, J-type nut diagram

Insufficient rigidity of the peripheral structure of the screw is one of the main causes of out-of-step. Thus, in order to obtain good positioning accuracy in precision
machinery such as NC working machinery, it is necessary to consider the balance of the axial rigidity and the torsional rigidity of each part of the drive screw during
design.

Static rigidity K

The elastic deformation and rigidity of the drive screw system in the shaft direction can be found from the following equation.

(1) Directional rigidity of screw shaft KS and displacement &s
Ks= & (kgf/mm)
K= % (kgf/mm) P Shaftdirection load (kgf)

Qccasion of fix-fix installation Occasion other than fix-fix installation

P : Shaftload carried by the drive screw system (kgf)
PLo

€ . Axial elastic displacement of drive screw system (mm) Ssr= _%E- (mm) Sss= e (mm)
1 e gL

K=& T/ * %+ (MM/kgh) 5 = dbg
ES B} DII‘eCtIOﬂa[lﬂgtd-lty oifs.crew shate(l) &s¢ ; Directional displacement of occasion of fix-fix installation

N X KT\LSh.aﬁd\rleclt\lon righdity.ofnuts{2) Sss : Directional displacement of occasion other than fix-fix installation
Ke - Directional rigidity of support shaft 3) A Cross-sectional area of teeth root diameter of screw shaft (mm’)

K : Shaft direction rigidity of nut and bearing mounting part (4) E: Longitudinal elasticity coefficient (2.1 - 10%gf/mm?)
L : Distance between installations (mm)

Lo Distance between loading points (mm)

(2) Axial rigidity Kn and displacement 6w of nuts
p
Kn= 5 (kgf/mm)

(a) Forsingle nut

2T B : Contactangle (45°) g :
Ons= ﬁ[%] % (mm) P : Shaftdirection load (kgf) “ G = o
p d : Diameter of steel ball (mm) oA e P8 P&
Q= n-sing (kgf) { : Accuracy, internal construction factor & & NutB _Pet
Dozm m : Effective number of turns o8 B nuts
n= d Do : Ball center diameter (mm) L le | \ \\ |
: {
nQ:- ;C;égitz;ltijllzamkgﬂ Do= Gnaz (Mm) Figure 1.7.2 Double nut preload
k : Aconstantdetermined by material, /- Lead(mm) Pe Po Pa =

shapeandsizek = 5.7 - 10 O . Leadangle Figure 1.7.1

(b) For double nuts

In order to eliminate the preload P of nut B when the preload weight Pr is about three times the axial load weight P, the preload weight P should be set within 1/3 of
the maximum axial load weight.

The maximum preload weight is 0.25Ca as the standard. The displacement amount is 1/2 of the displacement of a single nut when the axial load weight is three times
the preload.

Ons ¢ Displacement of a single nut (mm)
(kgf /mm) Snw ; Displacement of a double nut (mm)
(Explanation of the rigidity of a double nut)

_ P 3PpPL_6PrL
TGNW GNS2 SNS

KN

Asshownin Figures 1.7.1 and 1.7.2, when a preload of Pe. is applied to the two nuts A and B, both nuts A and B are elastically deformed to reach the point X. If an
external force P is added here, nut Amoves from point X to point X, and nut B will move from point X to point X,. Then, the following can be obtained based on the
formula for the displacement of a single nut &ns.

S0 = aPeL ™ a.deformation coefficient

The displacements of the nut diagrams Aand Bare: &a = aPeL :

Thedisplacements of the nuts Aand B coming from the external force P are equal.

SosA-50=50-:sB or the external force added to the nuts Aand Bis only P, so if PAincreases 1 3
an =
Pa-Ps=P &
= N
63 - O i‘ 00“)0
2
To prevent the external force applied to the nut B from being absorbed by the nut Aand becoming smaller. Thus, with sB=0 ‘0@2,00‘
5 p 3 e~
aPa= -aPeL = =aPpL + =
2 2 // 1 1
Pa® =2Pe~ PrL P P
Pa= ‘/E PeL = 3Pec RS

Thus, from Fig. 1.7.3, it can also be judged that, when the preload amount is three times of the load weight in the axial direction, the single nut is 1/2 of the displacement
amount, and the rigidity is two times

(3) Axial-direction rigidity of support shaft K, and displacement &,
Koz P (kgf/mm) . Load of a steel ball (kgf)
B : No. of steel balls

. Contactangle (45°)
. Shaft direction load (kgf)

. Diameter of steel ball (mm)

As a support shaft for ball screws and widely used in the combination
of precision machine, the rigidity of angled ball bearings is derived from
the following formula:

2 (P
&= <27 ( ] mm) Q= _p (kg

n-sing
(4) The axial rigidity K, and the displacement &, of the nut and bearing mounting part were developed at the beginning of the machine development. Please pay special

attention to the high rigidity of the mounting part.
= P
Kn= & (kgf/mm)

0O v O
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1-8-2 Countermeasures for thermal shift
The elongation and displacement of the screw shaft due to heat can cause deterioration in positioning accuracy. The thermal change can be calculated from the

1-8 positioning accuracy

Among the factors of feed accuracy error, the lead accuracy and the rigidity of the feed system are the key points of review. The thermal deformation caused by following equation.
temperature rise and the assembly accuracy of the guide surface also need to be considered. A=At L
1-8-1 Selection of lead accuracy /¢ Elongation in screw shaft direction
: Coefficient of th | i
Table 1.8.1 shows the recommended range of use of ball screw accuracy classes according to different applications. G . SRR IeR e.Xp,ansmn
Table 1.8.1 Example of accuracy class for ball screws according to applications Al (SR EarT B At e
” L: Effective length of thread
Purpose Rilpese That s, for every 1°C of temperature rise, an elongation of 12um occurs on a 1m long screw shaft. Thus, even if the lead of the ball screw is processed with high precision,
Cco C1 Cc2 c3 @5 Cc7 C10 itwill not be able to meet the high-precision positioning requirements due to the displacement caused by temperature rise. When the service conditions of ball screw
X 0O O o O O ) require high speed, the relative heat generation is also increased, and the influence of temperature rise will also become greater.
Lathe
i O O ® The temperature rise countermeasures for ball screws are as follows:
Milling/boring machines XY o ) ) o o (1) Control heat value (2) Apply forced cooling (3) Avoid the influence of temperature rise. First, use the WARMING UP
YA O @ O O + The heatvalue of the ball and the preloading - Thescrew shaftis hollowed out and toastate of stable temperature at high speed before the use.
XY 0O o) O o amount of the supporting bearing should be filled with coolant. - Pre-tension force is applied to the screw shaft during mounting.
Machining center correct and appropriate. - The outer edge of the screw shaft is - Thetarget value of the cumulative lead is predetermined to be
O (@) O - Proper selection and supply of lubricants. cooled with lubricating cil or air. negative.
0O O - Increase the lead of the ball screw and reduce - Locate using closed loop mode.
Fixture boring machine thereturn speed.
z O (@)
. ) XY O O ©) 1-9 Life design
NCworking Drilling Machines o o
machinery o o o o o o 1-9-1 Ball screw life
Grinding machine Even if the ball screw is used in a reasonable state, it will therefore be unusable after a period of time. The life of the ball screw is the time until it cannot be used, which
Z O @) ©) o @) is generally divided into the fatigue life when peeling occurs and the precision deterioration life caused by wear.
XY O O @ O O i . g
Discharge machining machine - 1-9-2 Basic static load rating Coa
2) & ) ® o The basic static rated load refers to the axial load when the sum of the permanent deformation of the ball groove contact partin the screw shaft and nut bearing the
; o ;
Wire cutting machine/Discharge Y @ O @ maximum stress reaches 0.01% of the ball diameter.
machining machine uv O O O O O i i i
. - - 1-9-3 Basic dynamic load rating Ca
High-speed punching machine i o & o The dynamic rated load refers to a batch of the same ball screws rotate 106 times under the same conditions, and 90% of the screws will nat flake due to rolling fatigue.
XY @ © At this point, the axial load that they bear refers to the dynamic rated load
Laser machining machine = o o
Woodworking machine O O @ O Load-life relationship La = [%T L: Lifetime  P:Load
General-purpose machine, special-purpose machine O @) (@) O ©
3
Exposure device O @ _ ) Po= ( anwtwﬂﬁ{f’inﬂ;t;:.:Fn’:‘t?-r.\ ) 3 (kgf)
Chemical treatment device O @) @) Q 1-9-4 Fatigue life
: : » A load P 2 ;
Semiconductor Wire bonding machine O O O veragefoad e Axial load (kgf) Rotation count(min®) Time (%)
related device Probe tester O O O © (1) When the load in the axle direction changes from time to
- - - time, please calculate the average load of the equivalent P; My b
Inserting machine for electronic parts O © o o fatigue under the conditions of each variable load. P, n, t,
PCB drilling machine O @ O O O (Asshown in Table 1.9.1)
) Assembly @) O @) O ©)
Orthogonal co-ordinate
; ! Others O O O
Industria
L Vertical and multi-joint el 9 9 o P My b
1 Others O ) O
Cylindrical coordinate O @ O O However 1, + 1, + 13 +..+ 1, = 100
Steel equipment machine
quip i © O O Table 1.9.1 Life Time for Various Applications
Injection moulding machine O &) O
3D measuring machine O O O Gl bfe e h)
Transaction machine @ @) @) Working | machinery 20000
Image processing device o o General industrial machinery 10000 | i i
Control rod O O O A N I
Nuclear power . . 1 -
generation. Vibration absorption device O O el 0l Travel distance —
Aircraft O ®) Measuring device 15000 Figure 1.9.1
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P = 2Pm3+Pm.r. (kgf)

Pmax * Max. axial load (kgf)
Pmin * Min. axial load (kgf)

(2) When the load changes according to the sinusoidal curve
(asshown in Fig. 1.9.2 on the right)

Pe = 0.65 Pmax ..... (Figure 1)

(Figure1)

Pmax

(Figure2)

= L =

AKD.

Key points of selecting ball screw rod

Selective calculation of ball screw

When selecting ball screw, first try to investigate the operating conditions
before deciding on the design, which is the basic principle. Moreover, the

selected elements include load weight, stroke, torque, positioning

Design Conditions

W
o
73
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o
g

Pe = 075 Pmax ..... (Figure 2)

Travel distance ——

Travel distance —

accuracy, repeated positioning accuracy, rigidity, lead and nut aperture, 1. Worktable weight 300Kg

Figure 1.9.2 and all elements are related. Changes in one of the elements will cause 2. Workpiece weight 400Kg
changesin the other elements, and attention must be paid to the balance 3. Max. travel 700mm

4, Feed speed 10m/min

among the elements.
5. Min. decomposition energy 10um/stroke

6. Drive motor DC motor (MAX 1000 min)
7. Friction coefficient of guide surface  (1=0.05~0.1)
8. Rotation rate 60 %
9. Precision review items

1-9-5 Life calculation

Although the fatigue life is generally expressed by the total cycle speed, it is also expressed by the total cycle speed time and the total travel distance. The following
formula can be obtained: Here: 10. The inertia force during acceleration
and deceleration may not be considered

because it occupies a small proportion of time.

[ S P 6 _ L _ L
L—[Pa‘fw]'m L= g L = 565
Here:
L : Rated fatigue life (rev) fw : Load factor (operating conditionfactor) N : RPM I~ T ——
Ls : Travel distance lfe (km) Le - Lifetime (h) o (a) Presumption of mechanical life time H (hr) (a) Presumption of mechanical life H (hr)
Pa : Axial load (kgf) Ca : Basic dynamic load rating (kgf) H=| - | - | - | H=12hr x 250 days X 10years X 0.6 rotation rate=18000 hr
Rotationtime/Aday Rotationaday/Year Howmanyyearsofifespan  Rotational efficiency
(b) Mechanical conditions (b) Mechanical conditions
Computing Cutting. | ‘Siding | Servi Computing Ciktlng | Sliing |seril
> ata utting | Sliding | Service : ata utting | Sliding | Service
gg#mlng Speed/Hi resistanceresistance  Time g#nlng Specd/REN resistancefresistancd  Time
Table 1.9.2 Load Factor (fw) Table 1.9.3 Safety Factor (fs) oo SIEEREe LOgrinf
Vibration/shack Quickfeed | m/min/min| kgf | kgf | % Quickfeed | 1ggomet | Okgf | 70kgf | 10%
during repeated Velocity (V) fw Use machine Load conditi fs : I
mgotions v oaccondiions Slight cutting / Slight cutting 6/600 100 70 50
Minor At microspeed: V = 0.25 m/s 1~1.2 ) At normal operation 10~13 Medium cutting / Medium cutting 2/200 | 200 70 30
m\f\;fcﬁlr]lﬂ]r;gw Heavy cutting / Heawycutting | 1/100 300 | 70 | 10
A :0. = ~ i i 2.0~ 3.0 b 5
Small tlowspeed:0.25 <V = 1Im/s 1.2~15 At shock and vibration Sliding resistance = (300 + 400) + 0.1 = 70 kgf
Atmedium speed | Atmediumspeed: 1 <V = 2 m/s 1.5~2 . i At normal operation 10~15 (c) Positioning accuracy
Generalindustrial
: : hinery o Among the factors of feed accuracy error, the lead accurac
; At highspeed: V > 2 m/s - HEE Atshock and vibrat| 25~70 & Y . y
Mehat G i 233 SR and the rigidity of the feed system are the key points of review.

The thermal deformation caused by temperature rise and the
Required dynamic load rating C assembly accuracy of the guide surface also need to be
Ca=Pe-fs considered.

Required Static load rating Coa
Coa = Pmax N fs

21 22
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Key points of selection

Calculation of selection

Key points of selection

Calculation of selection

2.Ballscrewlead / (mm)

. Feed speed (m/min) - 1000
~ Maximum motor return speed (minY

(mm)

2.Ballscrewlead / (mm)

/= 10000 =10(mm)

1000
L . 10mm
Minimum resolution = m
= 0.01 mm/Stroke

3. Calculation of average load Pe = (kgf)

1
3

Pe= [ Piniti+Pinatz +.. +P2naty ]
mti+nzte+... +nntn
3
Pe = 0.65 Prmax
Pe = 0.75 Prmax

3. Calculation of average load P = (kgf)

1000 - 10+600 - 50+200 - 0+100 - 10
B [317-10‘9 ]%
“ L 470!

= 189 kof

Pe= [ 70° - 1000 - 10+170° - 600 - 50+ 270° - 200 - 30+370° - 100 - 10

]%

4. Average rpm(nm)
it mti+nzt2+...4nNntn
= 100

4. Average rpm(nm)

1000 - 10+ 600 - 50 + 200 - 30+ 100 - 10
100

Nm =

_ 4710 _ T
= e =470 min

5. Calculation of dynamic rated load Cs (kgf) required
Ca=Pefs

5. Calculation of dynamic rated load Cs (kgf) required
Ca =189 - 5 = 945 (kgf)

Calculation of static rated load Ce. (kgf) required
Coa = Pmax * fs

Calculation of static rated load Cea (kgf) required
Coa = 369 - 5 = 1845 (kgf)

7.Selection of nut type
Ca>945 Coa>1845

Select the type of nut whose basic dynamic load
rating and basic static load rating exceed the value
calculated by the above formula.

7. Selection of nut type

Select according to the model table SFNI2510
Ca = 2954 (kgf)

Coa = 7295 (kgf)

8. Calculation of life time Lt(h)

— L — Ci\ 3., 6, !
t=%on = (ot 7 1% 6on

8. Calculation of life time Lt(h)

Lt=( 2954 y-10° __1__ =42544(h)
1892 60-470

9. Decision of distance between supporting bearings

9. Decision of distance between supporting bearings

1200
(Fixed)(BK17) (Fixed)(BK17)

10. Decision of screw length

Shortest screw length = max. stroke + nut length +
reserved amount at two axle ends

10. Decision of screw length

Screw length = 700 + 85 + 76 + 76 = 937 mm
937 mm < 1200 mm

11. The review of the allowable axial load

11. The review of the allowable axial load
is omitted because it is fixed-fixed and supported.

12. Review of allowable rpm N and DN

s 804 [E9 . dr
N=a- 5V =f

DN =Bearing 0.D X Max. rpm

- 107(rpm)

12. Review of allowable rpm N and DN

N= 219:2186-10" = 3324 min'< nmex
12002

DN = 25 - 1000 = 25000 < 50000

13. Thermal displacement countermeasures

Af=0oAt-L
/(' Elongationin screw shaft direction

a: Coefficient of thermal expansion
At: Screw temperature variation (deg)
L: Effective length of thread

23

13. Thermal countermeasures
Thermal countermeasure: Generally, itis estimated
mechanically that the temperature rise of the ball
screw is about 2-5°C, and the extension of the ball
screw is calculated by increasing by 2°C.
Nf=a At L=117-10-2 - 700mm
= 0.016mm
AA
Fp = E - ¢
20610422186 0,616
700

= 177(kgf)
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Ball screw

Key points of selection

Calculation of selection

14. Review of rigidity
(1) Directional rigidity of screw shaft Ks and
displacement &s
Ks= P (kgf/mm)
8s
P: Shaft direction load (kgf)

&= PL_ (mm)
4AE

(2) Axial load &s

1
K ey 1
Q= smB[ d ] i )
- P
Q= n-sinf fkgf)
— Doam
d

(3) Axial direction rigidity Ks and displacement
&6 of the supporting shaft
Ks = Bi (kgf/mm)
B

14. Review of rigidity

When the temperature rise of 0.016 mm is estimated and the
pre-tension force of 177kgf is added, the deviation can be corrected.

(1) Directional rigidity
S= PL = 271200

4AE 4-—”'21186272.06710“
= 0.00105 (mm)

ks= 370 =35-10°%gf/mm
0.00105

(2) Rigidity of ball and nut groove

n= 266274 _70
4762
= 370 =90
70sin45

1

Sns = 0.00057( 10° )?
sind5s \ 4762

=32 -10%mm

1
0.7

kKn= 370 =127 -10°kgf/mm
32107

(3) Rigidity of supporting bearing
Calculated with nut rigidity of 50kgf/um

S = % =3.6pm

Ke= 370 -1 -10°kgf/mm
0.0036

® Sro = 1.05 + 3.2 + 3.6 = 7.85pm

15. Confirmation of ball screw life

15. Confirmation of ball screw life

L = 42544 (h)>18000 (h)

25

1-10 Precautions for usin ball screw

The ball screw is a precision component. Please take special care not to make sharp objects or toals hit the tooth surface, and to avoid knocking or collision scratches
when assembling the ball screw, and the nut should not be separated from the screw or overtravel. Please do not force to install the ball screw if accidental disengaging

occurs, as this may cause the ball screw to jam, please contact our specialist. (As shown in Fig. 1.10.1)

Figure 1.10.1 Incorrect Use Method

If you need to remove the nut and reinstall it, a tube with an outer diameter smaller than the bottom diameter of the screw shall be used. Turn the nut into the transfer
tube to make sure the ball does not fall. (Refer to B25)

1-10-1 Lubrication

When using ball screws, there must be enough lubrication. For insufficient lubrication, the metal may be contacted, resulting in increased friction and wear, thus
causing faults or shortening the service life. The lubricants used in ball screw can be divided into lubricating oil and grease. Generally, for maintenance, the grease can
increase the dynamic friction torque line with the increase of the rotation speed. When exceeding 3-5m/min, itis better to lubricate with oil. But, do not forget that
there have been examples of grease reaching 10 m/min; For the equipment, there are also greases that are suitable for lower cost greases. Generally, in order to give
full play to the ball screw function, about 5m/min lubricating oil is the most appropriate choice.

Table 1.10. 1 shows the general index of the interval between inspection and refilling of lubricants. Before the refilling, the used lubrication paste attached to the screw
shaft should be wiped off.

Table 1.10. 1 Inspection and Filling of Lubricants

Lubricating method Time interval Check Items Filling or replacement interval
Automatic oil supply at oo Fillat each inspection, but appropriate filling
an interval Every week Oil dirty is required according to oil groove capacity
G 2-3 months at the initial Mixing of di i Usually, filling is carried out every year, but it needs to be
fEene work period IXIng ordirty powder refilled appropriately according t the inspection results
Oil bath BEfoanc&Tgiﬂc;;;ent of QOil level management Specify according to consumption state

1-10-2 Dust-proof/protection 1-10-3 Eccentric load

The same as rolling bearing, when there is foreign matter mixed in or moisture, In case of any eccentric load, it will directly affect the life and noise of the screw,
wear of ball screw will increase, and sometimes it leads to damage. For example, and it is mostly accompanied by the feel of poor operation. If the smoothness
dueto the operating environment, the operating machinery may be mixed with of the screw is different in no-load and after assembly, in addition to noting the
chips or cutting oil. Thus, when there is a possibility of foreign objects mixing accuracy of the screw, it is mostly due to the unbalanced load caused by poor

from the outside, the screw shaft should be completely covered with folded combination accuracy, as shown in Fig. 1.10.3.

cloth (snake belly type) or sleeve telescopic tube as shown in Fig. 1.10.2.

|

pm——

Figure 1.10.3 Eccentric load

Figure 1.10.2 Dustproof mechanism
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Ball screw

1-10 Precautions for using the ball screw

1-10-4 Single-outlet nut assembly instructions
Ifthe product ordered is a single-output nut of re-manufactured level, please observe the following steps for assembly:

Table 1.10. 2 Operating Steps for Nut Assembly

(1) Cutthe fixing line on the nut. (2) Place the converter tube on the front end of the correct size screw.

(4) Turn the whole stroke of the nut into the screw rod.
Attention! Ensure that all the travel of the nut is transferred to the screw
before moving the converter tube away.

(3) Turn the nut into the screw along the thread of the screw rod.

1-10-5 Machining specification

(1) If you choose a ball screw with internal circulation or end-cap circulation, the thread at one end of the screw must be teething and the maximum shoulder size must
be less than the bottom diameter. If the shoulder size is greater than the bottom diameter, but the thread must be left on the shoulder to facilitate the insertion of the
nut. Asshown in Fig. 1.10.4.

. Smallerthan
@dr Bottom diameter | bottom —— -
diameter

Figure 1.10.4 Gear outlet - Necessary condition of inner circulation shaft end

(2) When the screw is heat treated, the threaded tooth part processed near the shoulder has a length of 10-20mm and must be kept soft to facilitate the shoulder
processing. The area is marked on the AKD surface as shown in Fig. 1.10.5. If you have special requirements, please inquire with AKD sales staff at the time of ordering.

-

ATV
St

Figure 1.10.5 Range of Effective Heat Treatment for Screw
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Ball screw

Nominal designation for ball screw

zns:rewsubcodeSFNU R 25 05 T4 D G C5- 600 P‘l BZ+ N|4 N‘4 0123

| \
Q ’2) ® C, 3\ Q Q ® g) ) @ i i3 None: Standard nutand not
machined shaft end
D123: Customer code
(attached to special nut or
machined shaftend)

2-1-25crewcode SFNU R 25 0|5 |4 D- BZ+N|4 D123
|

\
) @ @ @ (6] @ D) @ N/A: Standard nut
D123: Customer code (attached to special nut)

ziasaests  §S R 25 0‘5 F C7 600+ N4 D123

® @ @ @ @ \8,' 19 J N/A: Non machined shaftend
D123: Customer code (attached to the machined shaft end)

—~
o—

© @ ® @
Nominal model Thread direction N(N%_ngs’fue%lsbaﬂ; ofcolumns] Process code
SFA R: Right T2 G: Grinding
SFNU L: Left 13 F: Re-manufacture
SFNI LR: Left-right rotation T4
SFY 3 Al ®
SFUL Screw shaft 0.D A2 Grade of lead accuracy
XSV Unit: mm Bl €3, C5,C7,€10
SFK €1
BSH D1
CTH El
SFT Beptncuany ® © ®
SFQ (Purpose-made) Screw lead Flange type Screw shaft length
SC (Screw only - Standard) Unit: mm N:No cutting edge Unit mm

SS  (Screw only - Special type) S: Single cutting edge

D: Double cutting edge

@® )

Axial clearance preload grade Nut

PO, P1,P2 (omitted ifit is 1) Example: two nuts on one axis: B2
® (E]

Nut surface treatment Surface treatment of screw shaft

B1: Blacken B1: Blacken
N1: Chrome plated
N4: Black chrome plated

N1: Chrome plated

N5: Black chrome plated

% When neither the nut nor the screw is subject to surface treatment, the labelling is omitted.
#% For the screw with grinding grade of C5 or above, AKD shipment inspection is attached with inspection table
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AKD.

Ball screw

Ball screw

AKD.

Table 2.1.1 Comparison of Precision Screw Standard Size @~32

L

Figure2.1.1 Screw diagram

; |
ARERLR! W \ \ VT
- _M A \ | \[_
o B
VL PR W O I | W

— . - Lead accuracy level Thre.ad . Thread Standard screw coding
Qutsice Diameter ()| Screw lead (1) Beam size(Da) R:Right L:Left number
4 1 08 C7,C5,C3 R 1 SCRO0401
1 0.8 C7,C5,C3 R 1 SCRO0601
° 6 12 C7,C5,C3 R 1 SCRO0606
1 08 C7,C5,C3 RIL 1 SCR00801
2 12 7,C5,C3 RIL 1 SCRO0802
¢ 25 12 C7,C5,C3 R 1 SCRO082.5
8 12 7,C5,C3 R 1 SCRO0808
2 12 7,C5,C3 RIL 1 SCR01002
0 4 2 7,C5,C3 R 1 SCRO1004
2 12 7,C5,C3 RIL 1 SCR01202
4 25 C7,C5,C3 R 1 SCRO1204
12 5 25 7,C5,C3 R 1 SCR01205
5 25 7,C5,C3 R 1 SSRO1205
10 25 €7,¢5C3 R 1 SCRO1210-B
2 12 C7,¢5,C3 RIL 1 SCR01402
i 25 7,C5,C3 R 1 SCRO1404
10 3175 7,¢5,C3 R 1 SCR01510
15 20 3.175 C7,C5,C3 R 1 SCR01520
12 C7C5C3 RIL 1 SCRO1602
2381 7,C5,C3 R 1 SCRO1604(N)
3.175 7,C5,C3 RIL 1 SCRO1605
. 10 3.175 C7,C5,C3 RIL 1 SCRO1610
16 2778 7,C5C3 2 SCRO1616
32 2778 7,¢5,C3 2 SCR01632
12 €7,C5,C3 R 1 SCR02002
2381 C7,¢5,C3 R 1 SCRO2004(N)
3.175 €7,C5,C3 RIL 1 SCR02005
20 10 3.969 7,¢5,C3 R 1 SCR02010
20 3.175 €7,C5,C3 R 1 SCR02020
20 3.175 C7,C5,C3 R 2 SCR02020
40 3.175 €7,C5,C3 R 2 SCR02040
2 12 €7,65,C3 R 1 SCR02502
4 2381 €7,C5,C3 R 1 SCR02504(N)
5 3.175 7,C5,C3 RIL 1 SCRO2505
6 3.969 7,¢5,C3 R 1 SCR02506
25 8 4.762 €7,C5,C3 R 1 SCRO2508
10 4762 €7,¢5,.C3 RIL 1 SCRO2510-A
10 6.35 7,C5,C3 1 SCR02510-B
25 3969 7,¢5,C3 2 SCR02525
50 3.969 €7,C5,C3 2 SCRO2550
4 2381 7,¢5,C3 1 SCRO3204(N)
3.175 €7,€5,C3 RIL 1 SCR03205
6 3.969 7,C5,C3 1 SCR03206
8 4762 7,¢5,C3 1 SCR03208
- 10 6.35 €7,¢5,C3 RIL 1 SCRO2210
20 6.35 C7,C5,C3 1 SCR03220
32 4762 7,¢5,C3 2 SCR03232
64 4762 €7,¢5,C3 2 SCR03264
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Table 2.1.2 Comparison of Precision Screw Standard Size @40~80

Unit: mm

Qutside Diameter (d) Scr:::cli:e:d(l Beam size(Da) Leak aech v TRr:r:iagi:I [rliit::f,tn zﬂ:ﬁ?’gr SR e cding
5 3175 C7,C5,C3 R/L 1 SCR04005
6 3.969 G E5Ea R 1 SCR04006
8 4.762 C7,G5:C3 R 1 SCR04008
40 10 6.35 €7,C5, 63 R/L 1 SCR04010
20 6.35 G7,ch:C3 R 1 SCR04020
40 6.35 C7,C5,C3 R 2 SCR04040
80 6.35 C7,C5,C3 R 2 SCRO4080
5 3175 C7,65,¢3 R 1 SCRO5005
10 6.35 C7,C5 ¢3 R/L 1 SCRO5010
9525 C7,¢5,C3 R 1 SCRO5020
i = 7.144 C7,¢5,C3 R 1 SCRO5020
50 7.938 C7,C5,C3 R 2 SCRO5050
100 7938 €7, C5;C3 R 2 SCRO50100
10 6.35 E7C5, 3 R 1 SCRO6310
= 20 9.525 €7, E5,C3 R 1 SCRO6320
10 6.35 €7, C5;E3 R 1 SCR08010
* 20 9,525 €7,C5,¢C3 R 1 SCR08020
Table 2.1.3A Comparison of Precision Screw Standard Size @16~50 Unit: mm
M Thr irection
Qutsice Diameter (d) Scre:(lj:a:d(l Beam size(Da) Lead accuracylevel R: Reiag?]td Lfitecf’t mﬁ'abgr Standard screw coding
12 10 25 €7, E5,E3 R b & SSR01210
5 2778 E7:1E5;,E3 R 1 SSR01605
10 2778 C7,C5,C3 R 1 SSRO1610
16 16 2778 C7,C5,C3 R 1 SSRO1616
20 2778 C7,C5,C3 R 1 SSRO1620
30 2778 C7,C5C3 R 1 SSRO1630
20 10 3.175 €7, C5,63 R 1 SSR02010
10 3175 C7,¢5,C3 R 1 SSR02510
A 25 3175 C7,C5/C3 R 1 SSR02525
10 3.969 C7,¢5,C3 R 1 SSR03210
32 20 3.969 €7, 5,63 R 1 SSR03220
32 6.35 C7,C5,C3 R 1 SSR03232
10 6.35 G7; 6563 R 1 SSR04010
40 20 6.35 €7, G5, 3 R 1 SSR04020
40 6.35 €7.65.€3 R 1 SSR04040
10 6.35 C7,C5,C3 R 1 SSRO5010
50 20 6.35 C7,C5,C3 R 1 SSR05020
50 6.35 C7,C5, €3 R 1 SSRO5050
The above are standard specifications. If you have any other requirements, please contact AKD business personnel for consultation
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SFA Size and specification of precision series SFNU Size and specification of precision series
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Q(Oil hole)

DA

7 L
ds32 dz40
Unit: mm Unit: mm
Nut size Load rating of ball nut Nut size
d.Shaft Slcreém Beany Stiff d'Shaﬂ Slcreém ey Dynamic | Staticload | Stiff
Model lameter| lead [ size NOrDE of kgf/ Model lameter| lead | - size Numberof| load rating rating kgf/
d |1 | Da | D | A | E | B | L |W/ | H]| X | Q |SeelBals| Ca(kgf) | Coa(kgh) | HM d| 1| Da| D | A B L | W | H X | Q |[SteelBals| Ca(kgf) | Coa(kgh | um
n n
SFA120581* 5125 | 24 | 40 | 5 | 10 | 30 [ 32 | 30|45 | - | 28x1 661 1316 19 SFNU1204T4 12 4| 25 | 24 | 40 | 10 | 4 | 32 | 3 | 45 | - 1x4 a02 1884 26
SFA1210B1* | 12 | 10| 25 | 24 | 40 | 5 | 10 | 42 | 32 | a0 | a5 | - | 28x1 642 1287 19
SFNU1605T4* 5 | 3175 | 28 48 10 45 38 40 55 | M8 1xd 1380 3052 32
SFAL605CL* 5 | 2778 | 28 | 48 | 5 10 | 31 | 38 | 40 | 55 | M8 | 38x1 1112 2507 30 16
*
SFAL610B1* 10 | 2778 | 28 | 48 | 5 | 10 | 42 | 38 | 40 | 55 | M6 | 28x1 839 1821 23 SR IETRS el I (I e I I B [ | Vi Ea =
15
SFALE16AL* 16| 2778 ] 28 | 48 | 5 0 ] 43 | 38 | 40 | 55 | M6 | 1.8x1 552 1137 14 SFNU2005T4* 20 | 5 | 3175 | 3 58 10 51 47 44 66 | M6 x4 1551 3875 39
SFA1620AL* 20 | 2778 | 28 | 48 | s 10 | 50 | 38 | 40 | 55 | ME | 1.8x1 554 1170 14
SENU2505T4* 5 | 3175 | 40 62 10 51 51 8 | 68 | M6 14 1724 4904 45
SFA2005C1* 5 | 3175 | 36 | 58 | 7 | 10 | 33 | 47 | 44 | 66 | M6 | 38x1 1484 3681 37 25
FN T4% 10 | a762 | 40 62 12 80 51 8 | 68 | M6 1x4 2054 7295 50
SFA2010C1* 10 [ 3175 | 36 | 58 | 7 10 | 52 | 47 | 44 | 86 | M6 | 38x1 1516 3833 40 SENLR2IA *
20
SFA2020A1 * 20| 3175 | a8 | 58 | 7 | 10 | 52 | 47 | 44 | 86 | M | 18x1 764 1758 19 SFNU3205T4* 5 | 3175 | s0 80 12 52 65 62 ) M6 x4 1922 6343 54
32
SFA2020B1* 20| 3175 | 36 | 88 | 7 | 10 | 72 | 47 | 44 | 86 | M | 28x1 1118 2734 29 *
SFNU3210T4 10 | 635 | 50 80 12 85 65 62 9 M8 1x4 4805 12208 61
SFA2505C1* 5 | 3175 | 40 | 62 | 7 10 | 33 | 51 | 48 | B8 | MB | 3.8x1 1650 4658 43
SFNU4005T4* 5 | 3175 | 63 93 14 55 78 70 9 M8 14 2110 7988 63
SFA2510CL* | 25 | 10 [ 3475 | 40 | 62 | 7 | 12 | 52 | 51 | 48 | 66 | M6 | 38x1 1638 4633 45 .
SFA2525A1 * 25 | 3175 | 40 | 82 | 7 12 | 80 | 51 | 48 | 86 | M6 | 1.8x1 843 2199 22 SFNU4010T4* 10 | 635 | 63 93 14 88 78 70 9 M8 1xd 5309 15500 73
SFA3205C1 a2 | 5 [3175] 50 | 80 | g 12 | 35 | 65 | 82 | 9 | Mme | 38x1 1839 6026 51
) SFNU5010T4* | 50 | 10 | 635 | 78 | 110 | 16 88 a3 85 11 | M8 x4 6004 19614 85
SFA3210C1 10 | 3969 | 50 | 80 | 9 12 | 53 | 65 | 82 | 9 | MB | 38x1 2460 7255 55
SFNU6310T4 63 | 10 | 635 | 90 | 125 | 18 93 | 108 | 95 11 | M8 x4 6719 25358 99
SFA3220B1 3| 20 [ 3969 | 50 | 80 | @ 12 | 72 | 65 | 82 | 9 | Me | 28x1 1907 5482 43
SFA3232A1 32 | 3.969 50 80 9 12 78 65 82 9 M6 1.8%1 1257 3426 27 SFNU6320T4 63 | 20 | 9.525 95 135 20 149 115 100 13.5 M8 1x4 11444 36653 112
SRREUSRES 0] 635 | € | 8 ) 9 | M 5] 78| 0 9 | M 38 5035 19943 o7 SFNUS0L0T4 80 | 10 | 635 | 105 | 145 | 20 | 93 | 125 | 110 | 135 | M8 | 1x4 7346 31953 100
SFA4020B1 38| 20| 635 | 63 | 93 | 9 14 | 78 | 78 | 70 | 9 | M8 | 28x1 3959 10715 54
SFNUS020T4 80 | 20 | 9525 | 125 | 165 | 25 | 154 | 145 | 130 | 135 | M8 1x4 12911 47747 138
SFA4040A1 40 | 635 | 63 | 93 | 9 | 14 | 9 | 78 | 70 | 9 | M8 | 18x1 2585 6648 34
SFA5005C1 so | 5 | 3475 75 | 110 l105 | 15 | a2 | a3 | 85 | 11 | ma | 3sx1 2207 0542 - SFNU10020T4 100 | 20 | 9525 | 150 | 202 | 30 | 180 | 170 | 155 | 175 | Mms 14 14303 60698 162

# If marked with * |, left thread can bemade. 3% SFU01204T4 Nut standard product is not attached with scraper
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SFNI Size and specification of precision series SFY Size and specification of precision series
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Q(Qil hole:

J I . | o a . j
s T i @an T B o
b /
LB | 4X(thr)
L
H
Unit: mm Unit: mm

SFNI1605T4 * 5 3175 30 | 49 10 45 39 34 4.5 8 45 | M6 | 1x4 1380 3052 33 SFY1616A2 16 16 | 2778 32 53 10.1 10 45 42 34 45 M6 | 1.8x2 1073 2551 31
16

SFNI1610T3* 10 | 3175 34 58 10 57 45 34 5.5 95 | 55 [ M6 | 1x3 1103 2401 27 SFY2020A2 20 | 20 | 3175 39 62 13 10 52 50 41 55 M6 | 1.8x2 1387 3515 37

SFNI2005T4 * 20 5 3175 34 57 " 51 45 40 5.5 95 | 55 [ M6 | 1x4 15561 3875 39 SFY2525A2 25 | 25 | 3.969 47 74 15 12 64 60 49 6.6 M6 | 1.8x2 2074 5494 45

SFNI2505T4 * 5 3175 40 83 " 51 51 46 585 95 | 55 [ M8 | 1x4 1724 4904 45 SFY3232A2 32 | 32 | 4762 58 92 17 12 78 74 60 9 M6 | 1.8x2 3021 8690 58
25

SFNI2510T4 * 10 | 4.762 46 72 12 80 58 52 6.5 11 65 | MB | 1x4 2954 7295 5 SFY4040A2 40 | 40 6.35 73 114 | 19.5 15 99 93 75 . M6 | 1.8x2 4831 14062 70

SENI3205T4* 5 3.175 46 72 12 52 58 52 6.5 11 65 | M8 | 1x4 1922 6343 52 SFY5050A2 50 | 50 | 7.938 90 136 | 215 20 117 112 92 14 M6 | 1.8x2 7220 21974 86
32

SFNI3210T4* 10 6.35 54 | 88 15 85 70 62 9 14 85 | M8 | 1x4 4805 12208 62

SFNI4005T4 * 5 3.175 56 | 90 15 55 72 64 9 14 85 | M8 | 1x4 2110 7988 59

40
SFNI4010T4* 10 6.35 62 | 104 18 88 82 70 1 | 17.5 " M8 | 1x4 5399 16500 72
SFNI5010T4 * 50 | 10 6.35 72 | 114 18 88 92 82 "M 175 11 M8 | x4 6004 19614 83 SFY163272 16 | 32 | 2778 32 53 10.1 10 425 42 34 45 M6 | 0.8x2 493 1116 1
SFNI6310T4 63 | 10 6.35 85 | 131 22 93 | 107 | 95 14 20 13 M8 | 1x4 6719 25358 95 SFY2040T2 20 | 40 | 3175 39 62 13 10 48 50 4 55 M6 | 0.8x2 653 1597 15
SFNI8010T4 80 | 10 6.35 | 105 | 150 22 93 | 127 | 115 14 20 13 M8 | 1x4 7346 31953 109 SFY255072 25 | 50 | 3.969 47 74 15 12 58 60 49 6.6 M6 | 0.8x2 976 2495 19
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SFUL Specification and size of left-handed nut XSV Size and specification of series %
s
XSV SFV
Q(Oil hole) 3p° L
Q(Gilhoe) .30~ }#\"‘ B
. i : o=
I
Q(0il hole} Q(Qil hole)
= . = I MAVENG 7Y - ]
D = I / BAAY //
=1 | | [7- —F 5 |
N\ VT » ey GEs=|
<| _ \ | | i o o [ i
S ; %‘ /Zf g 8 i \ Py H 1
[ | L
L1 L 1
= Unit: mm
6-X(thr.) / — - 5
Shaft |Screw| Beam Nutsize Dynamic Static load
H 2B L Model diameter| lead | size '}',%‘g{gg{ [c::ag {;’;‘“ 3 = cégti(agﬂ
dl 1| pa|lD|A|B|L|W|H|K|X|Y]|Zz]|a Ball g g
XSV1205D1 125 | 25 | 30| 50| 10|37 |40 |32 | 45| 45| 8 | 45| M6 | 5xl 661 1316
XSV1210B1 12 |10 | 25 | 30| 50| 10 | 40 | 40 | 32 | 45 | 45| 8 | 45 | M6 | 2.8x1 411 638
Unit: mm
" XSV1605D1 15| 5 [ 2778 | 34 | 58 | 10 | 40 | 45 | 34 | 50 | 55 | 95 | 55 | M6 | 4.8x1 1404 3166
utsize
Sheft {Screw| Beam Dynamic | Staticload | St XSV1610B1 15 | 10 [ 2788 | 34 | 58 | 10 [513| 45 | 34 | 50 | 55 | 95 | 55 | M6 | 28x1 839 1821
Model diameter) lead | - size Number | |oad rating rating kgf/
d !l 1| pa D A B L W H X Q ost;tlelesei Ca(kgh | Coa(kgf) | pm XSV1620A1 15 | 20 | 2788 | 34 | 58 | 10 | 54 | 45 | 34 | 50 | 55 | 95 | 55 | M6 | 1.8x1 554 1170
n XSV2010C1 20 | 10 [ 3175 | 46 | 75 | 13 | 57 | 59 | 46 | 66 | 6.6 |11.5| 55 | M6 | 3.8x1 1516 3833
- w | a [emm | = 1 0 5 5 e ) o e o o XSV2020A2 20 | 20 | 3175 | 46 | 75 | 13 |515| 59 | 46 | 66 | 6.6 |11.5| 55 | M6 | 1.8x2 764 1758
SFV2005D1 20| 5 | 3175 | 44 | 67 | 11 | 57 | 55 |52 | - | 55| - | 55| M6 | 48 1814 4650
SFUL1605T4 16 | 5 | 3175 | 28 48 10 45 38 40 | 55 | M6 | 1x4 1380 3052 32
SFK Size and specification of precision series
o . Q(Oil hole)
SFUL1610T3 16 | 10 [ 3175 | 28 | 48 | 10 57 | 38 | 40 | 55 | M6 | 1x3 1103 2401 26 2 300 e S et Zee
e Ly ) sl acie
: JR— ¢ SOl 2( Oil hole
TR = IR o
i G mEEs
SFUL2005T4 20 | 5 | 3175 | 36 58 10 51 47 44 | 86 | M6 | 1x4 1551 3875 39 { = \
JESERE IR —-Mﬁs ‘8 s@éjﬁﬁ[a
\\\K‘///’ | ) - ‘.z
1 - - (] gL
SFUL2505T4 25| 5 [3175| 40 | 62 10 51 51 48 | 66 | M6 | 1x4 1724 4904 45 TRy : 3 ‘ -
L [ 5
SFK1004
SFUL2510T4 25 | 10 | 4762 | 40 | 62 12 80 51 48 | 66 | M6 | 1x4 2954 7295 50
Unit: mm
Shaft |Screw| Beam L Dynamic | Staticload|  Stiff
SFUL3205T4 32| 5 3175 | 50 80 12 52 65 62 9 M6 | 1x4 1922 6343 54 Model diameter| lead | size Number |load rating| rating kgf/
d|1 | pa | D|A|B|L | W/|H|X/| Y| z]|a/?cpd]Cakgf) Coalkkg)| um
n
SFUL3210T4 32|10 | 635 | 50 | 80 | 12 85 | 65 | 62 g M6 | 1xd 4805 12208 61 SFKOGO1TS3 6 | 1| 08 [ 12124 |85 15 ) 18 | 16 | 34 - | - | - | 13 1 224 E
SFK0801T3* 1| o8 | 14|27 | 4 |62t |18 34| - | - | - 1x3 161 403 14
*
SFUL4005T4 40 | 5 | 3175 | 63 93 14 55 78 70 9 M8 | 1x4 2110 7988 63 SFK0802T3 8 | 2 12 | M4 2T 4 |16 21 ) 18 | 34 ) - = B 1x3 222 458 13
SFK0802.5T3 2.5 1.2 16 29 4 26 23 20 3.4 - - N 1x3 221 457 13
SFUL4010T4 40 | 10 | 635 | 63 93 14 88 78 70 9 M8 | 1x4 5399 15500 73 SFK1002T3* 2 12 18 | 3 | 5 |28 | 27 | 22 | 45| - = - 1x3 243 569 15
10
SFK1004T3 4 2 26 46 10 34 36 28 4.5 8 4.5 M6 1x3 468 905 17
SFUL5010T4 50 | 10 | 635 | 75 | 110 | 16 88 93 85 11 | M8 | 1x4 6004 19614 85 SFK1202T3* 12 2| 12 |20 |37 | 5 | 28| 20| 24 |a5]| - | - | - 1x3 334 906 22
# If marked with * | left thread can be made.

# SFK0401T3 nut standard product is not attached with scraper, for the rest of the specification, the scraper is operational. Please inquiry the business personnel before placing an order
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BSH Size and specification of precision series CTH Specific size for embedded sliding table
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WU ] 7N
/ \
— [ = i -3 8 \ \\ _ \ _ // / . E / b
\ 7 Q IS i E
| L U /7] :
‘ \ A ! N /]
i —& < E
2] : - - mama
d=14(lternal circulation type) I A[Q{CHl ols) =
Internal Recirculation L
LS =
Unit:mm Unit: mm
Shaft [Screw| Beam 2 . : Nut size
: 3 Stiff
Model diameter| lead | size b 1%‘3 ?amﬁ'rfg Sta;';ﬁ’l%ad kglf/ Shaft | Screw | Beam Dynamic Static load
d | Da D A B L L1 N 1 ofSteelBalls | Ca (kgf) | Coa (kgf) um Model diameter| lead size o loca: {gtlgg E or:tl(rllgf)
n d I Da D L F of Steel Balls = g
BSHOB802T3 8 2.5 1.2 17.5 M15x1P 7.5 | 2358 10 3 = - 3x1 189 RE Al L
BSH1002T3 2 1.2 19.5 M17x1P 7.5 22 3 3.2 - - 3x1 277 664 17
10 CTH1205B1 12 8 25 24 30 15 6 3 2.8x1 661 1316
BSH1004T3 4 2 25 M20x1P 10 34 3 3 i = 3x1 400 754 14
BSH1204T3 4 2.5 25.5 M20x1P 10 34 13 3 — = 3x1 804 1649 23
12 CTH1210B1 12 10 25 24 42 21 6 3 2.8x1 642 1287
BSH1205T3 5 2.5 255 M20x1P 10 39 16.25 3 - — 3x1 801 1644 24
BSH1605T3 16 B 3175 | 325 M26x1.5P 12 42 19.25 3 — — 3x1 1077 2289 25
CTH1220A2 12 20 25 24 46 23 6 3 1.8x2 670 1010
BSH2005T3 20 B 3.175 38 M35x1.5P 15 45 20.3 3 — — 3x1 1211 2906 30
# 0.D ®8~d16 nut standard product is not attached with scraper
CTH1605C1 15 5 2.78 28 31 155 8 3 3.8x1 1122 2507
CTH1610B1 15 10 2.78 28 42 21 8 3 2.8x1 839 1821
CTH1620A1 15 20 2.78 28 50 25 8 3 1.8x1 861 1820
CTH2005C1 20 5 3.18 36 33 16.5 8 3 3.8x1 1484 3681
CTH2010C1 20 10 3.18 36 52 26 8 3 3.8x1 1516 3833
CTH2020A1 20 20 3.18 36 52 26 8 3 18x1 764 1758
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Roller screws

Roller screws

AKD.

Introduction to roller screws

Roller screws

A wide assortment of industries rely on AKD roller screws for their
actuation requirements. Leading the trend to move from traditional
forms of linear actuation, AKD roller screws represent the state of
the art driving force for power-ful electro-mechanical actuation.

AKD is a pioneer in the technology of roller screws and off-ers high
quality, high performance and the widest assortment of roller
screws available on the market.

The AKD in-house highly integrated manufacturing pro-cess uses
the latest machining technology including soft and hard
machining, heat treatment (induction and through hardening),
grinding and assembly operations. AKD man-ufacturing facilities
also house laboratories dedicated to life tests, tribology, noise
measurement and metallurgy. Beyond the standard assortment
made from high grade bearing steel, AKD offers special variants
with stainless steel and high temperature steel combined with
coatings, etc. to re-spond to the most demanding applications.

AKD offers three main variants of planetary roller screws that do not
require roller recirculation:

+ SPRS Standard Planetary Roller Screw

* RPRS Reverse Planetary Roller Screw

« CPRS Circulating Planetary Roller Screw
+ DPRS Differential Planetary Roller Screw

Ball Screw for Humanoid Robot Dexterous Hands

AKD offers a wide assortment of recirculating roller screws. Since
the rollers are circumferentially grooved, after each complete
revolution around the nut, the grooved rollers must be recirculated
back to their starting point on one side of the nut, with the help of
cams and axial groove inside the nut.

Small leads are possible with a relatively larger thread pitch on the
shaft and nut. This feature offers the ideal combina-tion of small
lead, high load carrying capacity, a high degree of stiffness and
precision.

Nevertheless, the recirculating roller screws present lower speed
and acceleration capabilities than planetary roller screws.

With planetary roller screws, the application load is transmit-ted from the nut
to the shaft through the barrel-shaped sur-faces of the rollers. The number of
contacts and the total surface area of the contacts between the shaft, the
rollers and the nut are substantially increased compared to the ball screw
design, resulting in larger dynamic and static load carrying capacities (fig. 1).

The absence of recirculating element embodies the funda-mental
conceptual advantage of the planetary roller screws. This feature eliminates
the main failure mode of ball screws, that is linked to the recircu-lation of the
balls. Indeed, recirculating heavily loaded balls induces alternate stresses on
the balls and shock loads arising from the change of trajectory.

In addition, satellite rollers never come into contact with each other. This is a
significant advantage of this product over most ball screw designs. Balls come
into contact with each other in most ball screw designs, generating friction
and adding a potential failure mode to the ball screw concept.

With recirculating roller screws, the application load trans-fers from the shaft
to the nut through a set of grooved roll-ers. This design permits very small
leads while offering high load carrying capacity and axial stiffness.

Fig. 1

Comparison of ball screws and roller screws contact area

e
S
o
1
7]
2]
-
®
=
wn

Roller screw concept Advantages over a ball screw User benefits
Large number of contact points High load carrying capacity and up to 10 times longer service life Lower total cost of ownership (TCO)
Roller screw rotational speeds up to 50% higher than a ball screw with similar Increased speed of operations
. carrying capacity
Satelliterollers Roller screw acceleration up to 3 times higher Higher productivity
° Absence of recirculation eliminating a significant failure mode Higher degree of reliability
Planetary roller screws with small High load carrying capacity compared to ball screws with small lead which High load carrying capacity combined with positioning
lead (down to 2,00 mm) are designed with small diameter balls which have low load carring capacity accuracy and reduced torque requirements
Evenly spaced planetary or Good operation in applications with changes of direction, stable Low noise o
recirculating rollers friction torque High degree of reliability
Recirculating roller screws with High load carrying capacity, high axial stiffness that cannot be obtained with High resolution, high stiffness, long service
small lead down to 1 mm a ball screw of similar lead' and diameter Very smallinput torque life, robustness
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Roller screws

Roller screws
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Recirculating roller screws SPRS: Standard dynamic load carrying capacity C, [kN]

Nominal Nominal Lead [mm]

diameterdiameter diameter

dy 1 2 3 4 5
mm - kN

8 SPRS 8,5

10 SPRS 8,95 8,95

12 SPRS 10,3 10,3

16 SPRS Hilfs 11,5

20 SPRS 18,5 18,5

25 SPRS 32,9 32,9

32 SPRS 64,3 64,3

40 SPRS 791 49,9

50 SPRS 190 98.1 153 98,1

63 SPRS 186 186

80 SPRS 325

100 SPRS 469
125 SPRS 756

mm Preferred range

SPRS (C or F): Recirculating roller screw with axial play
SPRS (C or F): Recirculating roller screw without backlash

Recirculating roller screws PV, with internal preload: Standard dynamic load carrying capacity C, [kN]

Nominal Nominal Lead [mm]

diameterdiameter ~ diameter

d 1 2 3 4 5
mm — kN

8 SPRS 4,88

10 SPRS 514 5,14

12 SPRS 5,96 5,96

16 SPRS 6,71 6,71

20 SPRS 10,6 10,6

25 SPRS 18,9 18,9

32 SPRS 36,9 36,9

40 SPRS 45,4 28,7

50 SPRS 109 56,3 88 56,3

63 SPRS 107 107

80 SPRS 187

100 SPRS 269
125 SPRS 434
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Technical concepts

Introduction to AKD
roller screws

Roller screws convert rotary motion into linear motion and vice-versa.
Loads are transferred from the screw shaft to the nut through a roller set,
therefore, roller screws relate to general bearing technology. Various types
of bearing steel are used to attain the hardness and material fatigue
proper-ties required for carrying heavy application loads over ex-tended
periods of service. Certain bearing concepts such as load ratings, load
cycles, nominal calculated life and service life, stiffness, speed ratings,
lubrication requirements, etc. are explained below to guide customers
through the roller screw selection process. The selection parameters are
in-cluded in this chapter. To make the best selection of a roller screw, the
designer should consider the following parame-ters such as the load cycle,
the linear or rotational speed, the required life, the rates of acceleration
and deceleration, the cycle rate, the environment, the lead accuracy, the
stiff-ness, and any other special requirements.

For additional information about the roller screws selection process,
please contact your local AKD representative.

Basic dynamic load
carrying capacity C,

The dynamic load carrying capacity is used to compute the nominal
fatigue life of roller screws. It corresponds to the ax-ial load, constant in
magnitude and direction, concentric with the roller screw axis, under
which the calculated nomi-nal fatigue life as defined by ISO 3408-5
reaches one million revolutions.

Nominal fatigue life L,

Nominal fatigue life L10 is, according to the ISO definition, the life attained
or exceeded by 90% of a sufficiently large group of identical roller screws,
working under identical con-ditions (alignment, axially and centrally
applied load, speed, acceleration, lubrication, temperature and
cleanliness).

The nominal life of a roller screw is the statistical number of millions of
revolutions which the roller screw is capable of reaching before the first
signs of flaking signifying material fatigue occurs on one of the rolling
surfaces.

When reliability greater than 90% is required, the calculated nominal life
must be corrected. See values for the correction factor in table 1. For
example, if a reliability of 98% is re-quired, L, = 0,33 L,,where L, is
calculated using.

Table 1
Correction factor for reliability
Reliability [%] Correction factor L,
90 1,00 Lio
95 0,62 Ls
96 0,53 L
97 0,44 I
98 0,33 [
99 0,21 Ly
42

e
S
o
1
7]
2]
=N
®
=
wn




ARKD.

Roller screws

Roller screws

AKD.

Service life

The actual life achieved by a specific roller screw is known as service life. In
addition to material fatigue, service life can be reduced by inadequate
lubrication, wear, corrosion, con-tamination and, more generally, loss of
the functional characteristics required by the application.

Experience with similar applications will help in selecting the right screw
to obtain the desired service life. Structural re-quirements such as the
strength of screw ends and nut attachments should also be considered.

To attain L,, life performance, the maximum cycle operating load F,.,
should not exceed 80% of C, (for SPRS and CPRS prod-uct assortments) to
limit the Hertzian pressure at the rollers/raceways contact points. If F_,,
exceeds 50% of the Ca value, please contact your AKD representative for
validation.

For small strokes (shorter than the nut length) or short oscil-lations,
additional considerations such as the actual total number of loading
cycles on any specific area of the shaft, and the false brinelling effect
should be taken into account1).

Equivalent dynamic
load F_

The loads acting on the screw can be calculated according to the laws of
mechanics if the external forces are known or can be calculated. For
product sizing and selection, it is necessary to calculate the equivalent
dynamic load: this is the hypothetical load, constant in magnitude and
direction, acting axially and centrally on the screw, which, if applied,
would have the same influence on the screw life as the ac-tual loading
conditions which the screw will be subjected to.

Radial and moment loads must be accommodated by linear guides. It is
extremely important to resolve these possible problems early in the
design stage. Radial forces are detri-mental to the life and expected
performance of the screw(fig. 2).

Please refer to the chapter entitled Recommendations for assembly.
If misalignment, uneven loading, shock loads, etc. cannot be avoided, they

must be taken into account during the sizing of the screw. Their influence
onthescrew’ snominal life can generally be estimated1).

[ ] L ] [ ]
Basic static load carrying
[ ]
capacity C,,
Roller screws should be selected based on the basic static load carrying
capacity C,,, rather than the basic dynamic load carrying capacity, when

they are subjected to continu-ous continu-ous orintermittent shock loads
while operating in stationary conditions for short periods of time.
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The permissible load is determined by the permanent defor-mation
caused by the load acting at the contact points. The static load carrying
capacity is, according to ISO standards, the purely axially and centrally
applied static load which creates, by calculation, a total (rolling element +
threaded surface) permanent deformation equal to '/, of the cur-vature
diameter of the rolling element.

In order to prevent surface damage, to keep smooth running and low
noise level, AKD recommends that the applica-tion loads do not exceed
80% of the static load ca-rrying capacity C,,, which equals to a static safety
factors, of 1,25.

Usually the C,, value corresponds to a Hertzian contact pressure ranging
between 4 500 and 4 800 Mpa.

The basic dynamic and static load carrying capacities are related to the
material properties, and vary with the material hardness at the contact
points. Please refer to the para-graph explaining “materials, heat
treatmentand coatings” .

The basic static load carrying capacity must be, at a mini-mum, equal to
the product of the maximum applied axial static load and a static safety
factor s,. Past experience with similar applications and requirements of
maximum static load occurrence, running smoothness and noise level will
guide the selection of s,').

Fig.2

Permissible and prohibited loading on roller screw

Bending
moment

Axial load

X

Tilting
moment

X

Radial load

/ Axial load

For applications requiring high precision, roller screws should operate
significantly below the static load carrying capacity, which means
operation with a higher value for the static safety factor s,.

For heavily loaded applications where precision, noise level and running
smoothness are not critical to the performance expectations, roller screws
can operate at load levels close to the basic static load carrying capacity.
With these cond-itions, special care must be paid to proper lubrication.

Critical rotating speed
for screw shafts n_,

A roller screw with the nut in a given position has a natural frequency of
vibration in bending mode. When the screw shaft is rotating, it is
important that the rotational speed not excite its natural frequency. If it
does, it would result in elas-tic radial deflection of the shaft. In extreme
conditions, with-out damping, the screw shaft could be bent. The natural
fre-quency of the roller screw changes continuously as the nut moves
along the shaft and in relation to the shaft supports. The positive effect of
this axial nut displacement is that there is generally no time for the
amplitude of the vibration at a given natural frequency to build up.

For calculation of the critical rotating speed, the shaft is the equivalent of a
cylinder with an external diameter equal to the root diameter of the
thread. The formula uses a parame-ter whose value is dictated by the
mounting of the screw shaft ends, whether the screw shaft end is free,
radially sup-ported or fixed.

As a general rule, the nut is not considered to be a support for the screw
shaft. Because of the potential inaccuracies in the mounting of the screw
assembly, a safety factor of 0,8 is applied to the calculated critical speed.

Calculations where the nut is considered to be a support for the shaft or
calculations which reduce the safety factor, re-quire practical tests and
possibly optimization of the design.

Permissible speed limit
(nd,) and acceleration

The permissible speed limit is the speed that a screw cannot reliably
exceed at any time. It corresponds to the limiting speed of the rotation of
rollers or of the recirculation of the rollers (SPRS type) inside the nut. It is
ex-pressed as the product of maximum rotational speed n (r/min) and the
nominal diameter d, (mm) of the screw shaft. The speed limits quoted in
this catalogue are the maximum speeds that may be applied for short
periods of time with optimized conditions of alignment, light external load
or preload, and with appropriate lubrication.

Permissible speed limits for each technology:

- Planetary roller screw (SPRS) and inverted roller screw (RPRS): n d, < 160 000
- Recirculating roller screw (CPRS):

nd, <30000ford, < 25mm

nd, <20000ford,>25mm

Running a screw continuously at the permissible speed limit may reduce
the service life of the nut mechanism.

Important:

High speeds combined with high loads yield a relatively short nominal
life").

In the case of high accelerations, dece-lerations or fast movement
reversal, AKD recommends either working un-der a nominal external load

orapplying a light preload to the nut to avoid roller sliding on the shaft.

The preload for screws subjected to high accelerations must be calculated
to be sure that the rolling elements do not slide').

However, excessive preload will generate an unacceptable increase in
frictional heat.

Roller screws preloaded for optimum rigidity should not be ope-rated
continuously at high speeds.

Recirculating roller screws should not be operated at perma-nent high
linear speeds or at their maximum speed rating.

High speeds will be detrimental to the recirculation cam's life. In addition,
noise levels will increase.
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Efficiencyn

Screw performance depends primarily on the geometry of the contact
surfaces, their finish and the helix angle of the thread.

It also depends on the working conditions (load, speed, lu-brication,
preload, alignment, etc.)

Direct efficiency h is used to define the input torque required to transform
the rotation of one component into the transla-tion of another (diagram
2);

Conversely, indirect efficiency n'is used to define the axial load required to
transform the translation of one component into the rotation of another
one. It is also used to define the braking torque required to prevent that
rotation (diagram 3).

The reference coefficient of friction pret would be achievable with perfect
operating conditions of lubrication, alignment, etc. and it would result in
generating a theoretical direct effi-ciency n, or a theoretical indirect
efficiency n'. Because such laboratory conditions are not encountered
with real applica-tions, we define a practical coefficient of friction pprac
used to estimate the practical efficiencies n,and n's.

Practical efficiencies range between the starting efficiencies of a newly
installed screw and that of a properly run-in screw. These practical values
of efficiency are calculated with a practical value for the coefficient of
friction prac.

To account for real installation, running conditions and the experience of
real life application, this practical coefficient of fric-tion perac corresponds
to the reference coefficient of friction e increased by 30% (diagram 1).

This calculation method reduces the practical efficiency of the screw versus its
theoretical efficiency by about 5%.

Generally, the practical efficiency increases with speed, and over time with
running in effect.

Note:

The helix angle alpha can be calculated using formula
Diagram 1

Reference and practical coefficient of friction

0,035

0,080

0,025

0,020

0,015

0,010

0,005 0 i ] pr LR TR i 52
0 2 4 6 8 10 12

Helix angle [°]

- Reference coefficient of friction [y _]
—— Practical coefficient of friction [p

sl

Diagram 2 Diagram 3
Theoretical and practical direct efficiency Theoretical and practical indirect efficiency
Efficiency [-] Efficiency [-]
A i S . KO o
: —
———— .
0.6 0.2
0 ; ;
0,4 : : : 6 8 10 il
Not backdriving -0.2 5 Helix angle [°]
i Not backdriving
0,2 ' : ' ' :
0 2 4 6 8 10 12 06

Helix angle [°]

—— N theoretical direct efficiency Backdriving limit

r]ppractical direct efficiency
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—— N'theoretical indirect efficiency
n'ppractical indirect efficiency

Backdriving limit

Back-driving and
braking torque T,

Except for one specific recirculating roller screw dimension (50x1) and for
some specific sizes of inverted roller screws, roller screws are reversible or
can be back-driven under most circumstances.

A braking mechanism (gear reducer or brake) must be part of the design if
back-driving is to be avoided.

If back-driving is required, special care must be taken to align the whole
system. Misalignment significantly increases the coefficient of friction by
tilting and, consequently, in-creases the axial force required to back-drive
themechanism.

Attention:

Vertical installations and applications presenting a risk of falling loads
require special care by designers and users. It is the customer's
responsibility to determine the need for back-up locking devices and
safety systems.

Break away torque T,

This is the amount of torque required to overcome the fol-lowing forces to
start rotation:

- (a) The total inertia of all moving parts accelerated by the source of
power (including rotational and linear move-ments)

(b) The internal friction of the screw/nut assembly, bear-ings and
associated guidance systems.

In general, the torque required to overcome inertia (a) is greater than the
friction torque (b). The coefficient of friction s for a high-efficiency screw,
when it starts moving, is esti-mated to reach up to twice the amount of the
practical dy-namic coefficient of friction ppsc, under normal operating
conditions.

Driving torque T,

- This is the total torque required from the electric motor to overcome
inertia, external forces, preload, friction, etc. Please see calculation
formulae.

Static axial
stiffness R,

The static axial stiffness of a complete roller screw assembly is the ratio of
the external axial load applied to the system and the axial displacement of
the face of the nut in relation to the fixed (anchored) end of the screw
shaft. The inverse of the system's overall stiffness is equal to the sum of all
in-verted values of stiffness for each component (screw shaft, roller nut,
support bearings, etc.)

Therefore, the overall stiffness of the system is always lower than the
lowest value for stiffness of any individual component.

Nut stiffness R,

When a preload is applied to a nut, the internal play is eliminated.
Additionally, the squeeze load responsible for gener-ating the preload
creates initial Hertzian elastic deformation at the contact points. This
leads to an increase in stiffness proportionate to the preload value.

The theoretical elastic deformation at the contact points does not take
into account machining inaccuracies, actual sharing of the load between
the different contact surfaces, or elasticity of the nut and screw shaft.

For this reason, two stiffness values are given in the catalogue:

* Rag Thisis the minimum nominal stiffness reached by any nut and roller
assembly. This value, based on laboratory measurements, is a practical
value and does not require any correction factor. It takes into account
production tol-erances, actual load sharing, preload torque tolerance, de-
flection of the nut body, etc. It can be used to calculate the total stiffness
during the roller screw selection process.

- R This value corresponds to the reference nominal stiffness of a nut
and roller assembly with all geometrical dimensions centered within the
toler-ances. It corresponds to the optimum stiffness level.

Ror is always greater than Rng. Both values are determined by applying an
external axial load, centered on the screw shaft and equal to twice the
preload force.

Shaft stiffnessR,

The elastic deformation of the screw shaft is proportional to its length and
inversely proportional to the square of its root diameter.

According to the relatively low stiffness of the shaft, anin-crease of the nut
preload (and its stiffness) will, in most cases, not increase significantly the

overall stiffness of the system.

Consequently, the preload stated in the catalogue for each screw
dimensionis the maximum and should not be exceeded.
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Materials, heat treatment

and coatings

Table2
Choice of steel material
Selection of stainless steels Shaft Relati
Standard screw shafts are mainly manufactured from pre-treated o ha?dness cgr?oggn
50CrMo4 (otherwise 42CrMo4) which is surface hardened by induction. Steel (ISOstandard)  Description [HRC] resistance
Through hardened 100Cr6 bearing steel is used for nuts and rollers. - . 58-60
X105CrMo17 Iv;artlensntm stainless - o
steel
100Cr6 can also be selected for the screw shaft for opera-tion at higher X30Cr13 Martensitic stainless 50-55 .
temperature up to 180 °C, or if the application presents a concern for wear. steel
X12CrNiMoV12—3 Carblurizingstainless 58-60 e
steel
Material properties are detailed in table 3. X40CrMoVN16—2 Nitrogen stainless 58-60 .
steel
: initati i 38-45 i
Stainless steel can be used for all types of roller screws. Properties offered X5CrNiCuNb16—4 Et':'iﬂ elgggltoerérardening
by these special steel variants are sum-marized in table 2. T Martensitic stainless o -
steel
Table3
Selection of standard steels g’llﬂ;(\ivn;gm Surface hardness at
Component Steel Supplying state Heat treatment operating standard temperin, Customer benefits
temperature temperature [HRC
socnoror TSI o
stren to : - ° ood wear resistance
Standardshaft 450 04 yE%aM leld strength > Induction hardening 110 °C 58 to 60 Rasilionee
pa
Pre-treated Tensile : ; Good wear resistance and
Standard shaft strength 880 to 1030 Induction hardening o medium temperature
onrequest RpEEY MPa Yleld strength > P'gherteicmpe””g L 581060 operlalicion e
650 Mpa EmMperatie Resilience
Ptre—treﬁt;i:lo'{e?;loe Higher wear resistance,
Special shaft 100Cr6 MPaViald senath>  Induction hardening 180 °C 59t063 adapted to hlgher operatin
500 Mpa gt temperature but more brittle
Nut & rollers 100Cr6 Annealed Through hardening 180 °C 58t062 ﬁ-,%ﬂ‘{g"ﬁgggﬂf}ggg%ﬁ‘a'}?on
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Effect of surface hardness on roller screw basic
load rating

According to the I1SO reference calculations, the load ratings provided in
the catalogue are given for surface hardness above 654 HV (58 HRC). For
materials or treatments result-ing in a lower hardness, correction factors
should be applied to the dynamic and static load carrying capacities:

HV 2
C, corected = Ca (ﬂ)

654 i
HV actual
Coa corrected = Coa ( 654 )
Note:

654 HV is equivalent to 58 HRC

Surface coatings
AKD offers various types of surface coatings for improved roller screw
performances:

- Manganese phosphate coating of carbon steels to improve corrosion
resistance
- Low friction coating is available on request”.

Operating temperature

Operating at high temperatures will lower the steel hardness, alter the
thread accuracy, may increase the oxidation of the materials and change
the lubricant properties.

With operating temperature lower than -20 °C, the core resil-ience of the
material can become critical. The lower the tem-perature, the more brittle
the material becomes, especially with a long or thin screw shaft. Bending
stresses or shock loads increase the risk of fractures.

Applications with high cycling rates and high loads can gen-erate
excessive amounts of heat. To eliminate excess heat, AKD can provide a
nut mechanism, with cooling cham-bers. When connected to a customer
supplied water circu-lation system, temperatures can be stabilized,
enabling higher cyling rates and increased productivity.

Screw shaft buckling or
column strength F,

The column loading of a screw shaft must be checked when it is subjected
to dynamic or static compression loading.

The maximum permissible compressive load is calculated using the Euler
formulae, with a safety factor of 3to 5, de-pending on the application. The
type of shaft end mounting is critical for selecting the proper coefficient to
be used in the Euler formulae.

When the screw shaft has a single diameter along its total length, the root
diameter of the threaded shaft is used for the calculation. When the screw
shaft comprises different sections with varying diameters, calculation be-
comes more complex”.
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Shaft design

It is possible to deliver screws with one end
larger than the shaft outside diam-eter d,. This
design feature is fre-quently used in
conjunction with sup-port bearings with large
bore diameter.

To grind the thread efficiently, an un-dercut
with root diameter d, and length |, is needed
(fig. 3and table 4).

Designing the screw shaft ends

Customers designing their screw shaft ends are
responsible for checking their strength against
static and dynamic operating conditions.

The simple approach considers the shaft end
diameters. Stress concentra-tion factors must
be used.

Zone A must be checked for strength against
torsion and zone B must be checked for
strength against torsion and tension (fig. 4).

Important:

Application loads reaching the basic load
rating C, generate very high me-chanical
stresses on the shaft ends. AKD strongly
recommends that shaft ends be calculated
with extreme care for such applications.
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Table4
Type of roller screw Design conditions Value for I,
d;<1,85d; I, 212 mm
SPRS Lead Py, <8 mm
d3<1,85d, I,z 1,4 Py,
Lead P, > 8 mm
d; < 1,854, I, 2 12 mm
CPRS Lead Py, =1 mm
d;=1,854d,
Sizesdo Py = 40 x 2 or 50 x 2 or 63 ==
x2mm
dy < 1,85 d;
All other types of recirculating roller screws 2 ltnn
All types of roller screws d; > 1,85d;
Fig.3
Shaft design with shoulder
|
1
l d5 d4 dg
L |2 -
Fig. 4

Shaft end with support bearing

Zone A Zone B Zone B
B
= o
s
J |
€

Zone A: Torsion only

The nominal shear stress Tcaused by
theinput torque Tis given by:

16000 T
- Tids®

This valueisincreased by a stress
concentration factor f4 to give the real
shear stress T,

=0T
According to von Mises, the total stress Oy

0;=1731,

For safety, Oyshould be less than 67%

of theyield strength.

If the end diameter d 5 includes a key-way
of depth e, calculate using (d — e)
instead of d5.

The angle of twist of the screw shaftis
given by

7,48 Tl

=
do?

where

|=length between motor and nut

The linear positioning error, §, caused
by this twist is

P,©
5= 360
Note:

Stress concentration factors f4 and f5
are available in all general mechanical

Units:

d: mm

T: N/mm2 [MPa]
o: N/mm2 [MPa]
O: degree [°]
&:mm

F: N

Zone B: Axial + torsional stresses

The nominal axial stress caused by the
axial load Fis given by

4F
T[d42

ag=

This valueis increased by a stress concentration

factor fg to give the real principal
stress Op,

g, =f50

Asforzone A calculation

Tpo=TaT

According to von Mises, the total stress O
0:= (0,2 +371,2) V2

For safety, O should be less than 67%
of the yield strengh.
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Lead precision and manufacturing tolerances

Lead precision

Generally speaking, the precision indi-cated
defines the lead precision class that complies
with 1SO 3408-3, e.g. G1, G3 and G5 (tables 14
and 15).

Standard lead precision is G5. On re-quest,
AKD can deliver roller screws with G3 or G1 lead
precision.

A roller screw lead precision class is primarily
defined by the maximum per-mitted travel
variation Viwp over a threaded length of 300
mm(table 14).

Lead precision characteristics are de-fined by
the permitted lead error ep, and the permitted
travel variation Vup, measured at 20 °C over the
useful stroke lu (tables 15, 16 and fig. 15).

Some customer applications require a travel
compensation ¢ to account for the effect of
operating temperature on the lead precision: a
temperature var-iation by 1 °C results in
dimensional change of 11,5 p m/m of screw
shaft length. Consequently, if needed, a
travel compensation c can be achieved.

- Standard case with ¢ =0 (fig. 16)
- Case with customer specific value of c (fig.

17)

Lead precision graphs can be supplied on
request.
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Table 14
Maximum permitted travel variation over 300 mm
G1 G3 G5
V3oop V300p V3oop
pm
6 12 23
Table 15
Travel deviation and maximum permitted travel variation over the useful travel |,
G1 G3 G5
ly €p Vup ep Vup e Vup
over incl.
mm um
0 315 6 6 12 12 23 23
315 400 ¥ 6 13 12 25 25
400 500 8 T 15 13 27 26
500 630 9 4 16 14 32 29
630 800 10 8 18 16 36 31
800 1000 11 9 21 17 40 34
1000 1250 15 10 24 19 47 39
1250 1600 15 1 29 22 55 44
1600 2000 18 13 a5 25 65 51
2000 2500 22 15 41 29 78 59
2500 3 150 26 7 50 34 96 69
3150 4 000 32 21 62 41 115 82
4 000 5000 76 49 140 99
5000 6 300 170 119
Table 16
Useful travel
Type of roller screw Useful travel

I, =threaded length - 21, where

le =1xlead
l. = 5x lead

Planetary roller screw
Recirculating roller screw

Symbols used in figures

useful travel

excess travel (no lead preci-sion required)

actual mean travel (line which best fits the

actual travel curve by method of least squares)

nominal travel

specified travel

travel compensation (differ-ence between |y
and | to be defined by the customer)

permitted mean travel deviation (lead error)
overthe specified travel

actual (measured) mean travel
deviation over the specified travel

travel variation (or permissible band width)

maximum permitted travel
variation over 300 mm

maximum permitted travel
variation over the useful travel |,

measured travel variation over 300 mm
measured travel variation over |,

maximum permitted travel
variation within 2Ttrad
actual travel variation meas-
ured within 27T rad

Definition of lead error measurement

Threaded length

Case without travel compensation

Threaded length

Iy

Table 15
Lead error [um]
+
le
lo [mm]
€a
=
Vup Vua
Table 16
Lead error [um]
+
|e
=
Vap| P
Table 17

Case with negative travel compensation

Threaded length

Lead error [um]
+

lo
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Permissible travel variation Vanp within
2mntrad (one revolution)

The maximum permissible travel variation Vi over one rev-olution
can be an important parameter for some very high precision applications.

This lead precision parameter Vapp is explained in figure 18. Values in
accordance with ISO standards 3408-3 are pro-vided in table 17.

On request, AKD can measure and provide the actual travel variation Vza
over one revolution, for nominal screw diameters up to 40 mm and screw
lengths up to 1000 mm.

Matching of travel deviation for screws
working in parallel

When 2 or more screws are used together in parallel on one piece of
equipment, it’ softenimportant to match their lead deviations.

A value M is defined as the maximum difference between the mean travel
of any screw in a set. In cases where three or more screws are installed, M
represents the maximum difference between the two most extreme mean
travels of the set of screws (table 18).

Figure 19, figure 20 and figure 21 represent 3 typical appli-cation
examples.

Table 17 Table 18
Maximum permitted travel variation within 2mtrad Maximum mean travel deviation
Lead precision grade Vorp Numbers of screws in a set M
- ym um
G1 4 2 Vi
G3 6 >2 1,5 Vyp
G5 8
Fig. 18
Travel deviation within 2rrad
Lead error [um]
&
- P, 4

ais actual travel deviation
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lo [mm]

Manufacturing tolerances

Parameters other than lead precision correspond in standard to class 5 of
1SO 3408-3. If the application requires spe-cial tolerances, I1SO class 3 or
1SO class 1, please specify these requirements in the inquiry.

- Tables 19 to 23 for manufacturing tolerances class 5
- Tables 24 to 28 for manufacturing tolerances class 3
+ Tables 29 to 33 for manufacturing tolerances class 1

Fig. 22
Manufacturing tolerances
r v
L4 v
I7 — 2dy |— 2dp — — 2dg — — Iz -
ls ls
s €]
h
Shaft:
ts: straightness
tg: radial run-out of journal diameter
ty: concentricity of ends/journal diameter
tg: axial run-out of bearing support face
Nut:
to: axial run-out of the nut flange face
tyo: radial run-out of the nut diameter/screw
54
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Manufacturing tolerances class 5 Manufacturing tolerances class 3
Table19 Table 20 Table 24 Table 25
Nominal Threaded Tolerance Ratio Tolerance Nominal Threaded Tolerance Ratio Tolerance
diameter length |, diameter length 1,
dg 11 res if 14 <1y s i1 > 1 et do 11 rer if 1y < 1y rer if > 1y ref
over incl. % l4/dy Proportion ks over incl. ts l/dy Proportion ts
mm mm pm - pm mm mm um - um
6 12 320 32 <40 64 6 12 320 25 <40 50
12 25 640 32 <60 96 12 25 640 25 <60 75
25 50 1260 32 <80 160 25 50 1260 25 <80 125
50 100 2520 32 <100 256 50 100 2520 25 <100 200
100 200 5000 32 100 200 5000 25
200 1) 1) 200 1) "
Table21 Table 26
Nominal Tolerance Nominal Tolerance
diameter diameter
do te t6 mini t7 7 mini tg do ts Y6 mini b & mini L
over incl. over incl.
i pm mm um
6 20 0,25 x1; 20 010x1; 8 5 2 el NIDds e bty B 2
20 50 0,20 x Ig 25 0,08 x Iy 10 5 20 50 013 x 1l 16 0.06x I 8 4
50 63 016 x1g 32 0,061y 12 5 o L Al 20 Lt i -
63 125 0,16 x Ig 32 0,06 x I 12 6 63 125 010 xlg 20 0,05x1; 10 5
125 200 013 x1g 40 0,05y 16 8 125 200 0.08xlg 2> Jgrxls 12 o
200 Ul 1) 1) 1) 1) 200 1) 1) 1) 1) 1)
Table22 Table23 Table 27 Table 28
able able
Nut flange outer diameter Tolerance Nut body outer diameter Tolerance Nut flange outer diameter Tolerance Nut body outer diameter Tolerance
B to D tio B , i o ) to
avar incl aa el over incl. over incl.
’ ' mm pm mm pm
mm um mm um
16 32 16 16 32 16 16 32 12 16 32 12
32 63 16 32 63 16
i ié s - i = 63 125 20 63 125 20
63 125 25 63 125 25
125 250 32 125 250 32 = =4 =2 s 2= 22
250 500 40 250 500 40
Measured by rotating the shaft and nut together Measured by rotating the nut around the fixed shaft Measured by rotating the shaft and nut together Measured by rotating the nutaround the fixed shaft
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Manufacturing tolerances class 1

Calculation
formulae

Critical speed of screw
shaft (no safety factor)

Table 29 Sabie Basic life rating =t M5 [10° f1| =
cr
Nominal Threaded Tolerance Tolerance L C, 9
diameter length |, 0 =\"TF where
do b et i1 < 1y e 13> 1 ot "
over incl. ts I/dy Proportion ts Ner = critical speed [r/min]
o m i — U do = screw shaft root diameter [mm]
6 12 320 20 <40 40 . . )
12 25 640 20 <60 65 Reqwred load rating - = free length, or distance Fig. 25
25 50 1260 20 <80 100 c r ( L )1,3 between the two supports [mm] Mounting factor f; = 0,9
50 100 2520 20 <100 160 I B0 f1 = mounting factor
100 200 5000 20 oo—— i P
200 1) 1) 0,9 fixed, free (Ls fig. 25)
- 2,5 @—@ radial support, radial
. o N support (L fig. 26)
Lig = basu? rating life [million 3.8 0-8 ® fixed, radial support
revolutions] .
Table 31 o basic d S (L fig. 27)
. = basic dynamicload rating Nl 5 < g @@ fixed, fixed (Ls fig. 28)
e Creq = required dynamic load rating
((i:ligmlgtaer Tolerance IN] Notes:
t ¢ mini t t mini t . .
over incl. ’ ) ’ ! ’ Fo = cubic mean load [N] - For each particular application, the MOEnG T f,=25 e
mm Hm Ligreq = required life [million most unfavorable conditions must be QUG EGinrly=e,
6 20 0,12 x g 10 0,06 x |7 5 3 revolutions] considered
< = =10 xis & Sioxiy g 2 . - It is generally recommended to apply
50 o S8l ° il ¢ ° Equwalent mean load a safety factor of 0,8 to the calculated
63 125 0,08 xlg 16 0,04 x17 8 4 - Duty cycle with step loading value of the critical speed ncr of the
125 200 D n " n Y screw shaft
200 240 1 ! 1) 1) 1) :
F A Speed limit of the mechanism
m= z I (maximal speed applied through
' very short periods) ]
Table 32 Table33 n do < 160 000 for all types of planetary Fig. 27
where roller screws
|i = |ength of stroke segment i n d1 < 30000 for SV, BV, PV with d1 <25mm
Nut flange outer diameter Tolerance Nut body outer diameter Tolerance F - load during stroke i nd; <20 000 for SV, BV, PV with d; > 25 mm
D, to D tio ! -
over incl. over incl. F; can be either a fixed value, or a calcu- LS
. ClL oo pm lation for continuous load varing cycles n = rotational speed [r/min]
16 32 10 16 32 10 - i i
32 63 12 32 63 12 » Duty cycle with continuous load vari- do = screw shaft nominal diameter
63 125 16 63 125 16 afian for all types of planetary roller
screws [mm]
;:g :gg 12)0 ;gg :gg 12)0 Fm = Fmi” +2 Fmax d, = screw shaft nominal diameter Fig. 28
3 for recirculating roller screws [mm] Mounting factor f; = 5,6
Maximum permissible acceleration:
Measured by rotating the shaft and nut together Measured by rotating the nut around the fixed shaft where 12 000 rad/s? for all types of planetary
Fonin = minimum load roller screws
5 . .
Fees st T 4 000 rad/s? for all types of recirculating
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Buckling strength with
safety factor 3
F _ 34x10°f; d*

c
|F02

where
Fe = buckling strength [N]
d, = screw shaft root diameter
[mm]
ke = distance between the fixed

support bearing and the

extended position of the nut
[mm]
fa = mounting factor
0,25 o-—— fixed, free
(L fig. 29)
2 fixed, radial
support

(L fig. 30)
4 fixed, fixed
(Ls fig. 31)
Helix angle
a = Atan (EP— )
nd

where
d = nominal diameter of screw
shaft [mm]

+ dg for SR planetary roller screws
« d, for SV recirculating roller screws

» D for ISR inverted roller screws
Py = lead [mm]

Theoretical efficiencies
Direct (\s diagram 2, page 24)

1
nd

Ps

n=
1+

I'lref

where

Hret IS extracted from the coefficient of
friction diagram (Ls diagram 1 page 24)

a = helix angle [°]
d = nominal diameter of screw
shaft [mm]

+ dy for SR planetary roller screws
+ d4 for SV recirculating roller screws
+ Dq for ISR inverted roller screws

Py, = lead [mm]

59

Indirect (Ls diagram 3, page 24)
) 1
=B -
n
Practical efficiencies

Direct (Ls diagram 2, page 24)

-1
Ne = nd

h

1+ Hprac

where

Hprac IS extracted from the coefficient of
friction diagram (L» diagram 1, page 24)

a = helix angle [°]
d = nominal diameter of screw
shaft [mm]

« d, for SR planetary roller screws
- dy for SV recirculating roller screws
» Dy for ISR inverted roller screws

P = lead [mm]
Indirect (\s diagram 3, page 24)

r]’: 2‘1—

Ne

Input torque in a steady
state

F Py
T 2000 mn,
where
i = input torque [Nm]
F = external load [N]
Ph = lead [mm]
Np = practical direct efficiency

Power requirement in a
steady state

FnP,
= 60000 N,
where
P = power required [W]
n = revolutions per minute [r/
min]

Preload torque

Tpr = —Fm P (L = 1)
1000 \"Ne

where

Tor = preload torque [N]
For = preload force [N]
Braking torque (the

restraining torque considered
in a back-driving system)

F Py’
b= e —
2000
where
T = braking torque [Nm)]
F = external load [N]

To consider the worst case condi-
tions, we use the theoretical indirect
efficiency.

Fig. 29

Mounting factor f3 = 0,25

Fig. 30

Nominal motor torque

during acceleration
For a horizontal screw

TeTiaTops S+ OLNG) G
2000 n,

For a vertical screw

PofF + m. g)

Tl Tad w2l
2000mn,

where

Ty = driving torque [Nm]

T; = friction torque in support
bearings, motors, seals,
etc... [Nm)

Tor = preload torque [Nm]

s = coefficient of friction of
guidance systems

w = angular acceleration [rad/s?]

my = mass in movement [kg]

g} = acceleration of gravity [9,8

m/s?]

2l =ly+ I+ 1511072

where

fd
IL=mL(L2)1i}[)10'ﬁ

where
I = inertia of motor [kgm2]
Ig = inertia of screw shaft per

meter [kgmm?2/m]
I = length of screw shaft [mm]

For a hollow shaft, the actual inertia is
calculated as follows:

dot - do4
lS actual = IS |109 (07”)
do
where
dy = bore diameter of the shaft
[mm]

Nominal braking torque
during deceleration

For a horizontal screw

AL L LT TR T
2 0000

For a vertical screw

e IFYIG] e,
2000n
where
Ty = braking torque during

deceleration [Nm]

Static axial stiffness of a
complete roller screw
assembly

1.1 .1 .1

R R R, R,

where

R = stiffness of a complete
assembly [N/um]

Rs = shaft stiffness [N/pum]

Rn = nut stiffness [N/pum]

Ry = support bearings stiffness [N/

pm]

Shaft stiffness

Fixed—free or fixed-radial support

(L fig. 32)
d,?
Rs =165 0
s1
Fixed—fixed assembly
165 d? |, (Ls fig. 33)
R — =< =

s =
Is1 (ls = |51)

Note:

The lowest stiffness is reached when
the nut is in central position

_165d,’ «

ls

|
|s1 =2 — Rs
where

4

lsq = distance between center of
fixed support bearing and
center of nut [mm]

g = distance between centers of
fixed support bearings

For additional information, please con-
tact your local Ewellix representative.

Fig. 32
Configuration with fixed support
and radial support for stiffness
calculation

Fig. 33
Configuration with two fixed supports
for stiffness calculation
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Calculation example

» Customer wishes to select a planetary roller screw for his
application

* To achieve the required linear speed of the application,
customer has preselected a lead of 20 mm. Screw rota-
tional speed is 600 r/min during the operation cycle

» Nut type should be flanged for assembly purposes

* Roller screw shaft is horizontally mounted, with one fixed end
on the start position, and the other end on radial support

» Load cycle is shown in diagram 12

« Operation is 1 cycle/minute, 7 hours/day, 260 days /year
for 5 years minimum

Calculation of equivalent mean load F,,

F; =50000 N only=1 500 mm
2F, + F =
Fo. = e 45 833 N onL,=1 000 mm
3
Fam =37 500 N onlz=1 250 mm
Fam =20 500N onlks;=1 250 mm

Diagram 12
Application load cycle
F[N]
F, 50 000
F2 37 500
Backward
0
1500 1 000 1250 1250

F4 20 000
Fa 37 500

F =7 50 000° x 1 500 + 45 833° x 1 000 + 37 500° x 1 250 + 20 000° x 1 250

1500+ 1000+ 1250+ 1250

F. = 41590 N

Calculation of required dynamic carrying
capacity C, (q

With consideration to the operational cycle:

With the preselection of lead P, = 20 mm

Minimum Ly =60 x 7 x 260 x 5 = 546 000 cycles

1500+ 1000+ 1250+ 1250
20

L,, — 546 000

=136,5 x 106 revolutions
Careq = Fm (Lsp)"3 =41 590 (136,5)2 =214 141 N
Looking at the product tables, we find that:

SRF 48 x 20R with C, = 265 690 N satisfies the requirement
of minimum dynamic carrying capacity

Selection of support bearing

The table on page 109 indicates that support bearing size
FLRBUY is recommended for screw type SRF 48 x 20R.

In the following calculations, we will assume that the radial
support at the other end of the screw shaft has a total width
of 50 mm.
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Efficiencies
Theoretical direct efficiency

a = Atan (i) =7,55°
ud

0

Taken from the coefficient of friction reference diagram
(L diagram 1, page 24)

where
Href =0,016
Hprac =0,021
1
n=—— =0,892
1500
+ Ph ref

Theoretical indirect efficiency

n=2- = 0,879

1
n
Practical direct efficiency

We consider the practical coefficient of friction ;4. = 0,021

Moo ' -0863
+ ndl]l-jprac

Pn

Input torque in a steady state
Phase 1 has the highest application load F,5, = 50 000 N

T FPy, _ 50 000 x 20 _ 184,4 Nm
2000mn, 2000m0,863

Power requirement in a steady state
Phase 1 has the highest application load F,,x = 50 000 N
Rotational speed is 600 r/min

50 000 x 600 x 20 _ 11587 W
60 000 x 0,863

Braking torque
Phase 1 has the highest application load F,;x = 50 000 N

50 000 x 20 x 0,879 _ 139,9 Nm

Tb =
2000m

Critical speed of screw shaft

For the critical speed evaluation, we have to consider the
most critical configurations for the screw, where we encoun-
ter the longest shaft free length. In the present case study,
the two most critical configurations are:

A) Nut at start position (zero stroke) that gives a free length
of 2 608,5 mm between the center of the nut and the center
of the radial support at the end of the shaft (Ls page 49 and
fig. 34).

In this configuration, the mounting conditions are sup-
ported/supported with a corresponding factor f; = 2,5

The root diameter d, = 45,5 mm, the calculated critical
speed is:

e = 49 x 108 _22X455 _ 349 y/min
2 608,57

By applied a safety factor of 0,8:

ng x 0,8 = 819 x 0,8 = 655 r/min > 600 r/min Ls Ok

B) Nut at full stroke of 2 500 mm that gives a free length of
2 719,5 mm between the center of the nut and the center of
the fixed support bearing (\» page 49, fig. 35).

In this configuration, the mounting conditions are fixed/sup-
ported with corresponding factor f; = 3,8

The calculation is:

e = 49 x 10° ~2:8X45.5 _ 1 146 r/min
2 719,5

Ngr X 0,8 = 1146 x 0,8 = 917 r/min > 600 r/min s Ok

Speed limit
n do = 600 x 48 = 28 000 < 160 000 Ly Ok

Buckling strength with safety factor = 3

We must consider two critical situations for calculating the
buckling strength.

Point (A) (s diagram 12, page 47) with maximum applica-
tion load at end of phase 1 (travel = 1 500 mm) (Ls fig. 36,
page 49).

In this configuration, the mounting conditions are fixed/sup-
ported with corresponding factor f3 = 2

Fo= 24x10°x2x455' _ 95571 N> F, =50 000 N Ly Ok
1719,5°

Point (B) (Ls diagram 12, page 47) with lower application
load and longer total travel of 2 500 mm at end of phase 2
(L fig. 37, page 49)

F, = 34x10°x2x455% _ 39 407 N> F, =37 500 N Ly Ok
27195

Same case with customer selecting a

preloaded roller screw

Should the customer prefer a preloaded roller screw for the
application in order to have a stiffer assembly, then the initial
selection would be:

PRK 60 x 20R with C, =217 610 N
Now check this screw against all dimensioning parameters.
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Efficiencies

Theoretical direct efficiency

a = Atan :—h = 6,05°
Taken from theocoefficient of friction reference diagram

(Ls diagram 1, page 24)

where
Href =0,013
B =0,017
1
1+ ndO |~|ref
Pn

Theoretical indirect efficiency

Practical direct efficiency

) 1
n=2-—=0,877
n

We consider the practical coefficient of friction
Mprac =0,017

N ' _oge2

i T[dg |Jprac
Py

Input torque in a steady state
Phase 1 has the highest application load F,,, = 50 000 N

50 000 x 20
T 50000%x20 _
2o000m0g862  oHBNm

Power requirement in a steady state
Phase 1 has the highest application load F,,,x = 50 000 N
Rotational speed is 600 r/min

50 000 x 600 x 20
P = =
60000x 0862 | 600W
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Free length

Stroke length

Nut length ‘ ‘ =2 500 mm Overstroke
=127 mm =20mm

Free length = 127/2 + 2 500 + 20 + 50/2 = 2 608,50

Fig. 35

Free length

Stroke length

=2 500 mm
Shoulder = 18 mm J

Nut length = 127 mm

Overstroke
=20 mm

Undercut = 1,4 x P,=1,4 x 20 =28 mm

Free length = 127/2 + 2 500 + 20 + 28 + 18 + 180/2 =2 719,50

Fig. 36
+~—— Buckling length
Overstroke Stroke length
=20 mm =1500mm
HS=, —® A e 10—
L]

Shoulder
Support =18 mm
length = B i Ia—
180 mm Nut length = 127 mm

| Undercut = 1,4 x P, = 1,4 x 20 = 28 mm

Buckling length = 127/2 + 1 500 + 20 + 28 + 18 + 180/2 = 1 719,50

Fig. 37

Buckling length

Stroke length
=2 500 mm
Support Shoulder = 18 mm J

length = _
18O P Nut length = 127 mm

Overstroke
=20 mm

Undercut=1,4 x P,=1,4 x 20=28 mm

Buckling length = 127/2 + 2 500 + 20 + 28 + 18 + 180/2 =2 719,50

Braking torque
Phase 1 has the highest application load F,,, = 50 000 N

FP.,n" _ 50000 x20x0,877 - 139,6 Nm

T 1 —
®~2000mn 2000

Critical speed of screw shaft

Screw type PRK 60 x 20R has a larger nominal diameter and
a larger root diameter than screw type SRF 48 x 20R that
was already calculated. Therefore, the critical speed will not
be a problem for screw size PRK 60 x 20R.

Axial stiffness
In product table on page 75, we find that nominal preload
For=2326 N
First, we confirm that the internal preload is appropriate for
the application:
+ Minimum application load in phase 4:
F,=20000N
* F4 is greater than 2,83 x 2 326 N =6 583 N

This is to make sure that the nut half that does not carry the
load is completely unloaded and does not face marginal
loading with risk of sliding. Nominal preload Fy, = 2 326 N is
OK for the application.

Under this nominal preload conditions (F,, = 2 326 N), the
minimum nominal stiffness of the nut is Rg = 700 N/um
(product table on page 75).

Total axial stiffness of the roller screw is:

1 1 1
—_——

Rt Rs ng

At point (B) (Ls diagram 12, page 47), full stroke:
With d, = 57,5 mm for roller screw size PRK 60 x 20R

575
R. =165 5ogos = 201 NAm
Al e b o B =58 m sifuilsigks
R-201 " 700 > " g

If we include the axial stiffness of the fixed support bearing
FLRBUY, we calculate the total system stiffness:

R support bearing = 1 250 N/um
1 1 1 1 il 1 1

Rtolal system =?2 - R_ng * Rbeanng - ﬁ ® m * 1 250

Ls R total system = 139 N/um at full stroke
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L2 L6 307
L1
TypelNut TypeVNut
Screw Shaft Single Nut Nut
vl x| N | ) (mm) ) | 02 (rmm) Ehcerg ey
fes| edl |edo | @d2 | ca | coa | FK |eDleD2eD3 D4 [eDseDT| L1 |L2[L3|L4[L5|L6
2 4.55 8.17 1.76 21 181 36.3 0.79 | 0.78
SPRS| 8 3 6.81 8.23 7.63 9.0 15.6 26.7 0.80 | 0.79
4 9.04 829 7.48 9.7 16.0 234 0.79 | 0.78
2 3.47 10.64 10.31 121 221 46.4 0.78 | 0.76
SPRS{ 10| 3 5 5.20 10.69 105 | 1021 13.0 214 369 [25|26| 5|21 |M5/48|36|31|41(253/10| 3 |13|26| 0.80 | 0.78
4 6.91 10.75 10.10 14.2 22.3 326 0.80 | 0.79
2 3.04 12.14 11.81 13.3 239 47.6 0.77 | 0.74
3 4.55 12.20 1171 14.3 232 379 0.79 | 0.78
SPRS| 12| 4 5 6.06 12.25 12 11.60 15.7 242 333 |28|146| 5 |24 |M5|48|36|31|41 (27310 3 (13|28 080 | 0.79
5 7.55 12.30 11.49 16.5 243 29.8 0.80 | 0.79
6 9.04 12.35 11.38 16.7 236 26.7 0.79 | 0.78
Ordering Method 2 243 15.14 14.82 224 493 66.7 0.75 | 0.712
3 3.64 15.20 14.72 23.2 449 50.9 0.78 | 0.76
4 4.85 15.26 14.61 244 44.1 433 0.79 | 0.78
SPRS| 15 5 15 34156 5|30/ M6|58|45|40|50 357/ 14| 4 | 18| 36
Standard Planetary Roller Screw Reverse Planetary Roller Screw d s | i i el i | o9
6 7.26 1537 14.39 27.2 454 35.8 0.80 | 0.79
SPR51203-DG G3 - K- 260-380-P1-D123 RPRS1203-DG G3 - 160-190-P1-D123 8 963 | 1545 1416 | 286 | 446 | 306 079 | 0.77
Grinding Grad Customization Grinding Grad Customization
Dg%‘f?fdi;g Gerade Order No. DE?G:-?fd\'r:; Gerade Order No. 2 203 18.14 17.82 288 67.5 76.5 0.73 | 0.69
BF:Rolling Grade DF:Refling Grade 3 301 | 1821 17.72 | 319 | 67.7 | 618 077 | 0.74
Pt S 4 4.05 18.27 17.62 34.1 67.9 53.2 079 | 0.77
PO: No preload 2
Accuracy Grade PL:Lightpreload Accuracy Grade g?:ﬂzﬁtti?gad SPRS{ 18| 5 5 5.05 18.33 18 17.52 333 60.6 440 (40|62 5 |30|M6|58|51(48|58|41.7/18| 4 | 18|42 | 0.80 | 0.78
Grade Gl P2: Medium preload Gradesl P2: Medium preload 6 6.06 | 1838 1741 | 352 | 620 | 406 0.80 | 0.79
Grade G3 P3: Heavy preload Grade G3 P3: Heavy preload
S SradeGs ) 8 8.05 18.48 17.18 36.6 59.8 345 0.80 | 0.78
| TotllengthofScrew 10 10.03 | 1856 1694 | 370 | 615 | 312 079 | 077
Lead of Screw Lead of Screw
N Total Length of Screw *Maximum Backlash for Single Nut: 0.02~0.05 mm
Screw Thread Length *Axial clearance can be provided as per requirement
Nominal Diameter of Screw Nominal Diameter of Screw “Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
Nut Type:
Standard Planetary Roller Screw Type K, Type E, Typel, Type V Reverse Planetary Roller Screw Length of Nut
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2 8l 9 EE= N/ - - - EY , %“33 S
s 8§ | z 8 & ol &8 8l W 8 8 ©
D4
L3 L5
L1 L1
Type K Nut Type ENut
Screw Shaft Single Nut Nut

Wod| DxP | N | () (mm) (KN) e (mm) ERcerg ey

fes| edl |edo | @d2 | ca | Coa | FK |eDleD2eD3 D4 (eDsleDT| L1 |L2[L3|L4[L5|L6
2 135 | 27.14 2682 | 654 | 1580 | 110.9 068 | 0.61
4 270 | 2728 2663 | 774 | 1586 | 76.6 076 | 0.73
5 337 | 2734 2653 | 821 | 1595 | 686 077 | 0.75
SPRS[27| 6 | 5 | 405 | 2740 | 27 | 2643 | 854 | 1592 | 621 [53|83|50| 5 |M6|7.0|68|65(79(55.2/20| 5 |22|55| 079 | 0.77
8 539 | 2752 2622 | 89.8 | 1555 | 528 0.80 | 0.78
10 672 | 2762 2600 | 945 | 1560 | 474 0.80 | 0.79
15 1003 | 27.84 2541 | 953 | 1383 | 357 079 | 0.77
2 122 | 30.14 29.82 | 780 | 1990 | 1231 066 | 0.58
4 243 | 3028 2963 | 917 | 1972 | 84.0 075 | 0.72
5 304 | 3034 2953 | 976 | 2000 | 755 0.77 | 0.74
SPRS| 30 o 5 364 | 04 30 = I 3% | Ve 6292|585 |M6|9.0| 77| 71(85(647/20| 6 | 27| 64 e 0
8 485 | 3052 2023 | 1067 | 1938 | 58.1 079 | 0.78
10 6.06 | 3063 2001 | 1149 | 2016 | 529 0.80 | 0.79
15 9.04 | 3087 2844 | 1158 | 1793 | 399 079 | 0.78
20 11.98 31.05 27.81 1427 | 2045 35.2 0.77 0.74
6 3.04 | 3634 3553 | 925 | 1892 | 767 077 | 0.74
12 6.06 | 3663 3501 | 103.7 | 1775 | 512 0.80 | 0.79

6 36 68102/ 62| 5 |M6|9.0|85|68|80702( 25| 5 | 27|70
18 904 | 3686 3443 | 1084 | 1664 | 404 079 | 0.78
24 1198 | 37.04 33.80 | 129.1 | 1811 | 343 0.77 | 0.74
2 101 | 36.14 3582 | 985 | 2634 | 1387 063 | 054
S 203 | 3628 3563 | 1166 | 2642 | 95.4 073 | 0.69
5 253 | 3635 3554 | 1230 | 2647 | 845 075 | 0.72
6 3.04 | 3641 3544 | 127.8 | 2622 | 767 077 | 0.74

5 36 74 (110| 68 | 5 |M6[9.0| 92|82 |96 |76.7| 28 | 6 | 25| 76
8 405 | 3653 3524 | 1360 | 260.1 | 65.6 079 | 0.77
10 505 | 3665 3503 | 1452 | 2666 | 59.1 0.80 | 0.78
15 755 | 3691 3448 | 1568 | 2615 | 47.7 0.80 | 0.79
20 1003 | 37.12 33.88 | 1886 | 2869 | 403 079 | 0.77

L L6 907
LL TypelNut Type VNut
Screw Shaft Single Nut Nut
Wode| DxP ) (mm) | (N3 (mm) g densy
fee| edl | edo | od2 | ca | coa | FK |eDloD2eD3 D4 leDsleDT| L1 |L2|L3|L4 L5 L6
2 187 | 1964 1932 | 356 | 919 | 8738 072 | 068
3 280 | 1971 1922 | 389 | 905 | 701 076 | 073
4 374 | 1977 1912 | 416 | 907 | 604 078 | 076
SPRS| 20| 5 467 | 1983 | 195 | 19.02 | 437 | 902 | 535 |42|64(39| 5 |M6|58|53|55|65[437/20| 4 [20|44 | 079 | 078
6 559 | 1988 1891 | 430 | 829 | 460 080 | 079
8 744 | 1999 1869 | 449 | 804 | 302 080 | 079
10 927 | 2007 1845 | 466 | 193 | 347 079 | 077
2 174 | 2114 2082 | 440 | 962 | 892 072 | 066
3 260 | 2121 2072 | 481 | 948 | 709 075 | 072
4 347 | 2127 2062 | 516 | 950 | 613 078 | 076
SPRS| 21| 5 433 | 2133 | 21 | 2052 | 541 | 943 | 542 |45|67|41| 5 [M6|58|56|55|65(47 (20| 5 (18|47 079 | 077
6 520 | 2139 2042 | 568 | 954 | 496 080 | 078
8 691 | 2149 2020 | 557 | 842 | 307 080 | 079
10 862 | 2159 1997 | 578 | 876 | 351 080 | 078
2 162 | 2264 232 | 462 | 1003 | %04 071 | 065
3 243 | 2n 22 | s05 | 987 | 118 075 | 072
4 324 | 2277 2212 | 511 | 989 | 62l 077 | 075
sPRs| 23| 5 405 | 2283 | 225 | 2202 | 568 | 983 | 549 |48|71|44| 5 |m6|7.0|59|55|65(497 20| 4 |20[50( 079 | 077
6 485 | 2289 2192 | 596 | 995 | s02 079 | 078
8 646 | 2300 2170 | 585 | 877 | 402 080 | 079
10 805 | 2310 2148 | 608 | 865 | 356 080 | 078
3 228 | 2417 2377 | 404 | 809 | 760 074 | 071
6 455 | 2433 | 24 | 2350 | 446 | 736 | 409 |48|71|44| 5 |M6|7.0|59 |48 |58(49.7 18| 4 [20|50 | 079 | 078
12 9.04 | 2457 295 | 522 | 748 | 353 079 | 078
2 152 | 2414 228 | 592 | 1445 | 1071 080 | 063
e 25 |4 304 | 2427 2363 | 700 | 1451 | 741 077 | 074
5 379 | 2434 2353 | 740 | 1202 | 660 078 | 076
6 455 | 2440 | 24 | 2342 | 766 | 1436 | 506 |53|84|48| 5 |M6|7.0| 70|64 |78(555 25| 6 |20|55| 079 | 078
8 606 | 2451 2321 | 826 | 1462 | 519 080 | 079
10 755 | 2461 2299 | 8l5 | 1333 | 436 080 | 079
15 1125 | 2481 2238 | 869 | 1300 | 350 078 | 076

*Maximum Backlash for Single Nut: 0.02~0.05 mm
*Axial clearance can be provided as per requirement

*Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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*Maximum Backlash for Single Nut: 0.02~0.05 mm
*Axial clearance can be provided as per requirement
*Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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L3 L5
L5 6 i L1l L1
LL TypelNut Type VNut Type KNut Type ENut
Screw Shaft Single Nut Nut Screw Shaft Single Nut Nut
Woie| DxP | N| () (mm) (KN) N3 (mm) oo e, Wkl DxP | N| () (mm) (KN) N2(s (mm) e
fee| edl | edo | od2 | ca | coa | FK |eDloD2eD3 D4 leDsleDT| L1 |L2|L3|L4 L5 L6 fele| edl |edo | @d2 | ca | Coa | FK |eDleD2eD3 D4 [eDsleDT| L1 |L2[L3|L4[L5|L6
2 0.94 39.14 38.82 | 1157 | 3282 | 1528 065 | 0.60 5 1.79 51.35 50.54 | 2393 | 646.1 | 1263 0.72 | 067
4 1.87 39.28 38.63 | 1362 | 3259 | 1049 0.78 | 0.72 10 3.57 51.68 50.06 | 280.3 | 6384 | 86.9 0.85 | 0.82
5, 2.34 39.35 3854 | 1451 | 3311 | 93.2 074 | 072 SPRS| 51| 15 | 5 | 5.35 51.97 51 49.54 | 3085 | 6412 | 703 [102|147| 94 | 7 |M8x113.5/124(125{139|105| 50 | 8 | 35|104| 0.80 | 0.76
6 2.80 39.41 3844 | 1512 | 3299 | 849 0.76 | 0.73 20 .12 52.23 4899 | 3875 | 7512 | 62.6 0.80 | 0.79
SPRS| 39| 8 3.74 39.54 5 3824 | 1592 | 3215 | 721 (80 |116| 72| 5 |M6|11.0] 98 | 90 [100(82.7/ 28 | 6 [ 25|82 | 0.78 | 0.76 25 8.87 52.45 4840 | 393.1 | 766.4 | 56.5 0.80 | 0.78
10 4.67 39.66 38.04 | 1688 | 3255 | 64.5 0.79 | 0.72 6 1.95 56.35 55.54 | 199.7 | 520.6 | 119.0 0.77 | 0.72
15 6.98 39.92 37.49 | 1827 | 3199 | 521 0.80 | 0.719 12 3.90 56.67 55.05 | 233.1 | 5126 | 822 0.78 | 0.77
20 9.27 40.15 3691 | 2132 | 3333 | 429 0.79 | 0.72 18 5.84 56.95 5452 | 2529 | 5045 | 66.2 0.80 | 0.79
25 1153 | 4034 3629 | 2196 | 3273 | 382 077 | 0.75 PR3 %0 24 ° 177 57.19 % 5395 | 3089 | 5618 | 56.7 e e Il i e e s e e R 0.80 | 0.79
6 2.49 44.35 4354 | 1324 | 3039 | 94.2 075 | 072 30 9.68 57.40 53.35 | 323.7 | 5768 | 514 0.77 | 0.76
12 4.96 4465 43.03 | 1536 | 2978 | 65.0 080 | 0.78 36 1156 | 57.58 52,72 | 3021 | 5206 | 447 0.77 | 0.75
SPRS| 44| 18 .42 44.90 6 4247 | 1604 | 2787 | 50.5 |80 (118 73| 5 | M6(11.0{100| 80 | 90 (82.7| 28 | 6 | 25|84 | 0.80 | 0.79 6 1.82 60.35 59.54 | 226.1 | 613.6 | 1282 0.72 | 0.67
24 9.85 4511 4187 | 2024 | 3276 | 451 0719 | 077 10 3.04 60.57 59.22 | 252.8 | 603.8 | 97.2 077 | 0.74
30 12.24 | 4528 41.23 | 2000 | 3024 | 389 0.76 | 0.74 12 3.64 | 60.67 59.05 | 264.2 | 6049 | 88.3 0.78 | 0.76
5 1.90 48.29 4762 | 1544 | 3994 | 117.3 0.72 | 0.68 18 [ 6 | 545 60.96 60 58.53 | 287.2 | 596.2 | 71.2 |110(150|100|10.5|M8x1{13.5(130|106|124|1132| 40 | 8 | 30 |112| 0.80 | 0.78
6 228 48.35 47.54 | 1626 | 4047 | 107.1 074 | 071 20 6.06 61.05 5835 | 2979 | 609.1 | 68.2 0.80 | 0.719
8 3.04 48.46 4738 | 1726 | 3992 | 9L7 077 | 0.74 30 9.04 61.43 57.38 | 357.8 | 6655 | 54.6 0.79 | 0.78
10 3.79 48.56 4721 | 180.8 | 3936 | 810 0.78 | 0.76 sprsl 60 42 1256 | 61.77 56.10 | 3576 | 6721 | 464 0.76 | 0.73
12 4.55 48.66 6 47.04 | 1922 | 4073 | 749 |86|122| 80| 7 |M8x1|11.0{104| 87 |99 (88.7|/ 45| 6 | 35|88 0.79 | 0.78 5 152 60.36 59.55 | 2923 | 8206 | 1395 0.70 | 0.63
45 5.68 48.79 46,77 | 2009 | 403.7 | 66.5 080 | 0.79 10 3.04 60.69 59.07 | 3459 | 824.0 | 96.5 077 | 0.74
18 6.81 48.92 46.49 | 1979 | 3716 | 575 0.80 | 0.79 15 4.55 60.99 5856 | 377.7 | 8152 | 7715 0.79 | 0.78
SPRS{ 48| 20 7:55 49.00 46.30 | 201.6 | 4015 | 54.3 0.80 | 0.79 20 | 5| 6.06 61.26 60 58.02 | 4554 | 940.8 | 68.4 |122/180|110|10.5M8x1{17.5/150|140(152|125.7| 45 | 10 | 40 |124| 0.80 | 0.79
24 9.04 49.14 4590 | 246.2 | 426.0 | 50.6 0.79 | 0.78 25 .55 61.51 57.46 | 449.5 | 916.6 | 60.2 0.80 | 0.79
5 1.90 48.35 4754 | 1989 | 495.0 | 1116 0.72 | 0.68 30 9.04 61.74 56.88 | 4509 | 9203 | 551 0.80 | 0.78
10 3.79 48.67 4705 | 2352 | 4976 | 715 0.78 | 0.76 35 1052 | 61.93 56.26 | 427.7 | 8527 | 484 0.78 | 0.76
15 5.68 48.96 46,53 | 2589 | 5003 | 62.9 0.80 | 0.719 *Maximum Backlash for Single Nut; 0.02~0.05 mm
5 100{150| 94 | 7 |M8x1{13.5|127|115({127|103| 45| 8 | 37 |102 *Axial clearance can be provided as per requirement
20 7.55 4921 4597 | 3277 | 5867 | 559 0.80 | 079 *Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
25 941 | 49.43 4538 | 3024 | 5158 | 46.1 079 | 0.78
30 1125 | 49.62 44.76 | 3099 | 538.6 | 43.1 0.78 | 0.70

*Maximum Backlash for Single Nut: 0.02~0.05 mm
*Axial clearance can be provided as per requirement
“Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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Type | Nut TypeVNut Type KNut Type ENut
Screw Shaft Single Nut Nut Screw Shaft Single Nut Nut
Modd| DxP | N | () (mm) (KN) (N2 (mm) g{%g;a;gﬁ ey o] DxP | N | () (mm) (KN) e (mm) gf%gg;anrgyE kel
fee| edl | edo | od2 | ca | coa | FK |eDloD2eD3 D4 leDsleDT| L1 |L2|L3|L4 L5 L6 fee| edl | edo | @d2 | ca | Coa | FK |eDleD2eD3 D4 (eDsleDT| L1 |L2[L3|L4[L5|L6
6 171 64.35 63.54 | 2325 | 7220 | 1373 077 | 071 12 238 | 92.70 91.08 | 484.8 | 14820 | 1291 0.74 | 0.72
12 3.42 64.68 63.06 | 2758 | 7126 | 945 0.78 | 0.75 18 3.56 | 93.01 90.58 | 530.8 | 1450.1 | 103.4 0.78 | 0.76
18 5:12 64.97 6254 | 3028 | 7033 | 76.0 0.80 | 0.76 SPRS| 92| 24 | 6 | 475 93.30 92 90.06 | 632.7 | 1697.6 | 915 |160(220|146|10.5\M8x1{17.5(190(155|179|163| 63 | 10 | 45 |162| 0.79 | 0.78
SPRS| 64 6 64 115(180(106| 7 |M8x1|17.5{150/118|129|118| 45| 8 | 40 [117
24 6.81 65.23 61.99 | 3902 | 8393 | 682 080 | 0.75 30 5.93 93.58 89.53 | 650.3 | 17464 | 829 0.80 | 0.719
30 8.49 65.46 6141 | 3721 | 769.1 | 57.7 0.80 | 0.78 36 7.10 93.83 88.97 | 645.9 | 1709.0 | 74.8 0.80 | 0.719
36 10.15 | 65.66 60.80 | 3615 | 7313 | 514 079 | 0.77 12 2.19 | 100.70 99.08 | 719.1 | 2384.7 | 153.2 073 | 071
6 1.59 69.36 6855 | 2922 | 10080 | 160.5 0.70 | 0.67 18 3.28 | 101.02 98.59 | 767.8 | 2343.0 | 123.0 0.78 | 0.17
6 100 185]260|172(10.5\M8x1/17.5{225|200{220/188| 63 | 10 | 50 (187
12 3.17 69.68 68.06 | 3475 | 9974 | 1105 077 | 0.75 24 437 | 10132 98.08 | 781.0 | 2349.2 | 106.0 0.79 | 0.77
18 4.75 69.98 6755 | 3826 | 9868 | 89.0 079 | 0.75 30 545 | 101.60 97.55 | 780.1 | 2307.5| 94.0 0.80 | 0.78
SPRS| 70 6 69 130(172|115| 9 [M8x1j13.5(152|140|170(133.7) 50 | 10 | 45 |132
24 6.32 70.25 67.01 | 4778 | 11389 | 784 0.80 | 0.79 SPRS|100] 15 276 | 101.04 97.61 | 950.9 | 3238.7 | 1354 0.76 | 0.76
30 7.88 70.48 6643 | 4719 | 11075 | 684 080 | 0.79 20 3.68 | 101.35 97.11 | 967.6 | 32450 | 1164 0.78 | 0.76
36 9.43 70.70 65.84 | 4539 | 10345 | 603 0.79 | 0.78 25 | 5| 460 | 10165 99 96.60 | 980.3 | 3251.1 | 103.8 [200|275|186| 15 |M8x1|17.5|240|250{271|203| 63 | 10 | 50 (202 0.79 | 0.78
10 243 75.70 7408 | 4530 | 13074 | 116.7 0.75 | 0.72 30 551 | 101.93 96.07 | 990.1 | 3257.2| 95.0 0.80 | 0.78
15 3.64 | 76.01 7358 | 5000 | 12964 | 94.3 0.78 | 0.76 35 6.42 | 102.19 95.52 | 1007.1 | 3311.6 | 88.6 0.80 | 0.719
SPRS| 75| 20 | 5 | 4.85 76.31 75 73.07 | 5819 | 14995 | 82.7 (150|210/140|10.5M8x1|17.5|180|175(191|153| 63 | 10 | 45 (152| 0.79 | 0.79 18 273 | 121.03 118.60 | 967.5 | 3300.6 | 142.3 0.76 | 0.73
25 6.06 76.58 7253 | 5846 | 14865 | 73.7 0.80 | 0.79 24 3.64 | 12135 118.11 | 984.6 | 3308.0 | 122.6 0.78 | 0.76
6 120 220(260|200| 15 |M10x]17.5|240(230{260|223|100| 10 | 50 | 222
30 1.26 76.83 7197 | 5853 | 14736 | 66.8 0.80 | 0.79 30 455 | 121.64 117.59 | 992.2 | 3286.8 | 108.8 0.79 | 0.78
12 2.73 80.69 79.07 | 3506 | 9368 | 105.3 076 | 0.73 36 545 | 12192 117.06 | 1007.6 | 3322.8 | 99.9 0.80 | 0.78
18 4.10 81.00 78.57 | 389.7 | 9412 | 854 079 | 0.77 SPRS|120] 15 228 | 121.05 11862 | 1075.5 | 38236 | 143.1 074 | 0.71
SPRS| 80| 24 | 6 | 545 81.28 80 78.04 | 4774 | 11032 | 75.7 [138|180|130/|10.5|M8x1{13.5|160(130|158|141.7| 50 | 10 | 35 |140| 0.80 | 0.78 20 3.04 | 121.37 118.13 | 1104.8 | 3888.3 | 1244 077 | 0.74
30 6.81 81.53 7748 | 4875 | 11265 | 68.2 0.80 | 0.79 25 | 5| 379 | 12168 | 120 | 117.63 | 1104.7 | 3809.0 | 109.5 |240|300|240| 15 MI0x17.5{270{280|300|243|100| 10 | 55|242| 0.78 | 0.76
36 8.15 81.77 76.91 | 4630 | 10337 | 59.0 0.80 | 0.78 30 455 | 121.98 117.12 | 1121.6 | 3846.9 | 100.0 0.79 | 0.78
10 2.10 87.70 86.08 | 5520 | 16716 | 129.8 0.73 | 0.70 35 530 | 12126 116.59 | 1110.7 | 3741.3 | 914 0.80 | 0.78
15 3.14 88.03 85.60 | 5976 | 16765 | 105.1 0.77 | 0.75 “Maximiim Backlash for Single Nut:0.02:0.05mm
*Axial clearance can be provided as per requirement
SPRS| 87| 20 5 419 88.33 87 85.09 6989 | 19616 925 |175|235|162|10.5|M8x1|17.5|200|190|215|178| 63 | 10 | 45 |177| 0.79 0.77 *Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
25 523 | 8862 8457 | 6987 | 19263 | 819 080 | 078
30 626 | 88.89 8403 | 7144 | 19727 | 756 080 | 0.79

*Maximum Backlash for Single Nut: 0.02~0.05 mm
*Axial clearance can be provided as per requirement
*Parameter nates: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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- - ) (mm) | (mm) | (mm) | (mm) | om) | RN | RN (N2/3um)| JF"“-”B I
ode! 2 ) clearance|Efficiency|Efficiency|
Helix Angle ado @d2 @D0 @Dl 15 Ca Coa FK
2 1.22 29.69 89.42 206.17 859 0.02 | 066 | 0.58
3 182 2952 98.72 206.72 69.4 0.03 | 0.72 0.67
RPRS 30 4 243 30 29.34 50 60 5 10451 | 20314 583 003 | 075 | 0.72
5 3.04 29.15 109.66 | 201.66 524 003 | 077 | 0.74
6 364 28.96 116.75 | 208.38 486 004 | 078 | 0.76
2 101 3577 79.95 198.17 102.7 002 | 063 | 052
3 152 35.65 87.77 196.88 82.1 002 | 0.70 | 0.63
4 203 35.53 93.66 195.59 705 003 | 082 | 0.69
RPRS 36 36 54 64 80
5 253 35.40 97.70 19246 62.2 003 | 073 | 0.72
6 3.04 35.26 102.12 | 193.02 56.7 003 | 0.77 0.74
7 3.54 35.13 108.38 | 200.65 533 003 | 078 | 0.76
3 1.40 38.53 146,74 | 34224 85.7 003 | 068 | 062
4 1.87 38.36 156.68 | 340.31 73.8 003 | 072 | 0.68
8 2.34 38.18 164.59 | 338.38 65.5 003 | 0.74 | 0.72
RPRS 3¢ 39 65 75 90
6 2.80 38.00 171.21 | 33644 593 004 | 076 | 0.73
7 327 37.80 178.57 | 339.85 55.1 004 | 077 | 0.75
8 3.74 37.61 18529 | 34325 517 004 | 0.78 | 0.76
3 124 43.65 124,29 | 31133 100.5 002 | 066 | 0.58
4 166 4353 133.95 | 314.18 86.6 003 | 071 | 065
5 207 43.41 140.85 | 312.62 77.1 003 | 073 | 0.70
RPRS 44 6 249 44 43.28 66 76 80 14527 | 306.54 69.2 003 | 0.75 | 0.72
7 290 43.15 153.46 | 316.11 64.9 003 | 076 | 0.74
8 331 43.01 155.66 | 307.83 59.8 004 | 077 | 0.75
9 373 42.87 158.06 | 301.76 55.7 004 | 078 | 0.76
3 1.14 47.53 201.20 | 511.70 102.6 003 | 065 | 0.56
4 152 47.37 215.83 | 51262 81.7 003 | 070 | 0.63
3 1.90 47.20 227.06 | 510.23 782 003 | 072 | 068
6 228 47.02 238.28 | 514.37 713 004 | 074 | 071
RPRS 48 48 80 90 114
7 266 46.84 241.41 | 495.60 64.4 004 | 075 | 0.73
8 3.04 46.65 25548 | 516.21 61.3 004 | 077 | 0.74
9 342 46.45 262.84 | 517.13 571.8 005 | 078 | 0.75
10 3.79 46.25 263.12 | 498.36 539 005 | 0.78 | 0.76
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fiosiel o (%) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (KN) (KN) - |(N2/3pm) o JForwar | B
ode! A ) clearancelEfficiency[Efficiency|
HelixAngle | odl 2d0 2d2 @D0 @Dl L Ca Coa FK
3.0 6.06 9.3 875 85 154 263 | 002 | 078 | 0.66
RPRS | 9 9 15 20 26
35 7.06 93 85 9.2 158 225 | 003 | 079 | 067
12 2.08 106 10.34 9.1 158 408 | 001 | 0.80 | 0.68
RPRS | 10.5 10.5 175 24 33
20 347 10.70 10.16 114 177 326 | 002 | 073 | 062
2.0 3.04 12.20 1166 15.3 257 365 | 002 | 072 | 061
3.0 455 12.30 1155 16.5 271 299 | 002 | 077 | 066
RPRS 12 12 20 25 35
45 6.81 12.52 113 17.7 27 253 | 003 | 077 | 066
6.5 9.78 125 11.05 19.5 26.7 216 | 003 | 079 | 067
2.0 2,70 1371 1317 17.9 289 372 | 002 | 0.71 | 060
RPRS | 135 | 3.0 405 138 135 | 1303 | 225 28 38 19.8 272 319 | 002 | 076 | 063
45 6.06 1392 12.87 223 271 271 | 003 | 077 | 065
20 243 1521 14.67 277 552 509 | 002 | 070 | 0.60
RPRS | 15 3.0 364 1529 15 14.48 25 32 48 29.1 515 394 | 002 | 075 | 0.64
4.5 5.46 15.45 14.32 308 503 316 | 003 | 076 | 0.65
2.0 2.03 1822 17.68 345 734 585 | 002 | 068 | 0.57
RPRS | 18 3.0 3.04 18.30 18 17.49 30 38 50 37.2 711 469 | 002 | 0.73 | 063
40 405 18.38 17.33 379 648 385 | 003 | 075 | 0.64
20 174 2122 207 545 | 1060 | 675 | 0.02 | 067 | 057
RPRS | 21 3.0 2.60 2131 21 20.52 35 45 56 596 | 1048 | 542 | 002 | 0.71 | 061
4.0 347 21.39 20.33 633 | 1037 | 465 | 0.03 | 0.74 | 066
20 152 24.22 237 67.90 | 14812 | 747 | 002 | 065 | 0.54
3.0 228 24.32 23.52 7489 | 14858 | 607 | 0.02 | 069 | 0.58
RPRS | 24 24 40 50 65
40 3.04 2440 23.33 8032 | 14904 | 522 | 003 | 073 | 062
5.0 379 2448 23.14 8473 | 14950 | 468 | 0.03 | 0.76 | 065
20 135 2723 26.69 7470 | 16302 | 772 | 002 | 0.71 | 068
3.0 2.03 2733 26.52 83.08 | 16532 | 631 | 003 | 0.73 | 069
RPRS | 27 27 45 55 70
4.0 2.70 2741 26.33 8722 | 16036 | 533 | 0.03 | 0.76 | 0.73
5.0 337 2749 26.14 9200 | 16082 | 476 | 003 | 0.77 | 073
2.0 1.30 28.17 27.77 5649 | 12880 | 851 | 0.02 | 067 | 0.60
3.0 1.95 2825 27.65 6238 | 12926 | 69.1 | 002 | 0.72 | 069
RPRS | 28 40 2,60 28.33 28 21.52 42 52 70 6596 | 12678 | 587 | 003 | 0.75 | 072
5.0 3.25 2839 27.38 6670 | 11942 | 501 | 003 | 0.77 | 075
6.0 3.90 2846 27.24 7020 | 12107 | 464 | 003 | 0.78 | 0.77

*Maximum Backlash for Single Nut: 0.02~0.05 mm

*Axial clearance can be provided as per requirement

*Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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*Maximum Backlash for Single Nut: 0.02~0.05 mm
*Axial clearance can be provided as per requirement
“Parameter notes: P - Lead; D - Reference diameter; N - Number of screw threads; d1 - Screw outer diameter; d0 - Nominal diameter; d2 - Screw root diameter; Ca - Dynamic load rating; Coa - Static load rating; Fk - Stiffness factor.
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Structure and advantages of ball spline
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3. Specification and size of KLF series

Large load capacity, zero clearance in rotation direction, high sensitivity, high rigidity, simple assembly
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Structure and advantages of ball spline

1. Introduction of ball spline

The ball spline uses the ballinstalled in the outer profile of the spline shaft to carry out smooth rolling and torque transmission in the precision grinding rolling
groove at the same time. AKD adopts a unique contact point design with a larger contact angle (40). In addition to high sensitivity, it can greatly improve the
load capacity. Itis suitable for environments where vibration and impact loads are too large, positioning accuracy is required, and high-speed motion
performance is required, and it can also play an effective role in such environment. Evenifitis used instead of a linear ball bushing, the rated load of the ball
splineis ten times that of a linear bushing under the condition of the same shaft diameter, so the design can become very compact. Even under the action of
cantilever load, torque, it can be used safely and has high durability.

2. Ball spline structure

Ball splines can be divided into five types: Round flange KLF, cylinder AKD KLT, enhanced dust-proof KZF, square flange KOF and cylinder KOT. Due to the size of
the shaft diameter, the contact path of the steel balls can be divided into 2 rows (180°)
(KLF/KLT/KZF6 ~20) (KOT/KOF8 ~25) and 4 rows (70°) (KLF/KLT/KZF25 ~ 50) Hollow shafts are also available for optional use.

Ball spline

P

Spline shaft Load ball track
Unload ball track

Dust Seal/Circulator

Figure 1

3. Advantages of ball splines

Heavy load Therolling groove of the ball is precisely ground and formed, and the contact is made at a 40 ® angle of Gothic. Due to the large
capacity contactangle, it has a large load capacity in both radial and torque directions.

Zero clearance
inrotating
direction

The spline shaft is combined with the outer cylinder of the spline by using 2-4 rows of ball rows with contact angle of 40°, and the
clearancein the rotating direction can be zero by adjusting the preload mode.

il Due to the special design of the steel ball contact point, in addition to high rigidity, it is more sensitive and can reduce energy waste.

sensitivity

High Dueto the large contact angle, it has high rigidity, and appropriate preload can be applied according to the situation, so it can obtain
Rigidity high torque rigidity and torque rigidity.

Simple Dueto the special design, even if the spline outer cylinder is separated from the spline shaft, the steel balls will not fall off. Thus,
assembly assembly maintenance and inspection work can be easily carried out.
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Precision design

1. Precision level

The accuracy of the ball spline is expressed by the swing of the spline shaft support by the outer diameter of the spline. It is divided into ordinary grade (N),
advanced grade (H), and precision grade (P). The testitems are shown in the figure below.

F/ 2eaniAle 1 frobe2578]

Splined outer cylinder
E]Hﬂ!!l [ I ! " Bl iOfbezsda
[.._ - N

1 O o s =]
i \ . Parts mounting
A\
— \Supporting

[ L [rable254A[8]

FM.’/S,U pporting, / Splined part of shaft/

2. Accuracy specification

The testitems of ball splines are shown in Tables 2.5.2~ 2.5.5.

Table25.1 Max. swing of spline outer diameterto spline shaft support

Unit: pm
Nominal shaft
diameter(mm) 6, 8 10 12,13, 15, 16,20 25,30 40, 50
Spline shaft length(mm)
More than Below Ordinary| High |Precision|/Ordinary| High |Precision|Ordinary| High |Precision|Ordinary| High |Precision|Ordinary| High |Precision|
- 200 72 46 26 59 36 20 56 34 18 53 32 18 53 32 16
200 315 133 89 57 83 54 32 71 45 25 58 39 21 58 36 19
315 400 185 126 82 103 68 41 83 53 31 70 44 25 63 39 21
400 500 236 163 108 123 82 51 95 62 38 8 50 29 68 43 24
500 630 - - - 151 102 65 112 75 46 88 51 34 74 a7 27
630 800 - - - 190 130 85 137 92 58 103 68 42 84 54 32
800 1000 - - - - - - 170 115 5 124 83 52 97 63 38
1000 1250 - - - - - - - - - 151 102 65 114 76 47
Table2,5.2 Straight angle of spline shaft end to spline shaft support (max. accuracy) Unit: pm
Accuracy e
Common level Advanced Precision-level
(N) (H) (P)
Nominal shaft diameter(mm)
6 8 10 22 9 6
12 13 15 16 20 27 11 8
25 40 33 13 9
40 50 39 16 11
78
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Table2.5.3 Concentricity of parts mounting to spline shaft support (max. accuracy)

Unit: pm
Accuracy .
Common level Advanced Precision-level
(N) (H) (P)
Nominal shaft diameter(mm)

6 8 33 14 8

10 41 17 10

il 13 15 16 20 46 19 12

25 30 53 22 13

40 50 62 25 15
Table25.4 Plane perpendicularity of spline outer cylinder flange mounting facing spline shaft support (max. accuracy) Unit: um

Accura
2/ Common level Advanced Precision-level
(N) (H) (P)
Nominal shaft diameter(mm)

6 8 17 11 8

10 12 13 33 13 9

15 16 20 25 30 30 16 11

40 50 46 19 13
Table2.5.5 Accuracy class of effective length of spline shaft Uit

Accuracy Precision Common level(N) Advanced(H) Precision-level(P)
Allowable value 33 13 6

Note: Apply to any effective part of 100mm spline shaft
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Lubrication

Thefilling time of grease varies according to the service conditions. Usually, when used, the grease is filled or replaced based on the running distance of 100km
(6 months to 1 year). Apply grease in the outer cylinder of the spline, or grease in the rolling groove of the spindle.

Material and surface treatment

According to the conditions such as service environment, it is sometimes necessary to carry out anti-rust treatment or change the material used. Please contact
AKD for antirust treatment and change of materials used.

Use Precautions

Disposal

(1) Please do not decompose each part, otherwise it may lead to the entry of foreign objects or the loss of function.

(2) Please be noted that the spline outer cylinder and spline shaft may fall due to their own weight after tilting.

(3) Please do not let the ball spline fall or knock, otherwise it may cause scratches and damage. In addition, when itis counterbalanced, even if the appearance
is not damaged, it may also lead to functional loss.

(4) Please note to prevent the entry of foreign objects such as garbage and chips. Otherwise, it may cause damage to the ball circulation components and loss
of function.

(5) Please avoid using it under conditions exceeding 80°C. If used under the condition exceeding 80°C, please contact AKD.

(6) Due to the different types of coolants, sometimes it may bring obstacles to the product functions. Consult AKD for use in an environment where coolant may
enter the inside of the splined outer cylinder.

(7) When the foreign objects such as rubbish and sawing powder are attached, please wash firstand then refill the lubricant.

(8) Please consult in advance when using in special environments such as places where vibration is often required, such as clean room, vacuum, low
temperature or high temperature

(9) If the positioning pin hole is required to be machined on the ball flower with flange, please contact AKD.

Lubrication

(1) Please wipe the anti-rust oil carefully and fill lubricant before the use.

(2) Please avoid mixing lubricants with different properties.

(3) When used in special environments such as places with frequent vibrations, clean rooms, vacuum, low or high temperatures, it may not be possible to use
the usual lubricants. Please contact AKD for details.

(4) When using special lubricants, please contact AKD in advance.

(5) When use the oil for lubrication, sometimes it is very likely that the lubrication oil cannot be reached due to the mounting direction. Please contact AKD for
details.

(6) The lubrication interval varies with the service conditions. Please contact AKD for details.

Storage
When storing the ball spline, place it in the envelope specified by AKD and place it horizontally to avoid high temperature, low temperature and high humidity.

Inner diameter tolerance of supporting part

The fitting of the splined outer cylinder and the support seat is usually over-fitting.
When the precision of ball splines is not required, the clearance fit can be used.

Table2.9.1
. Inner diameter tolerance
Applicable parts of support mount
Normal operating
conditions H7
The area with clearance J6
controlled
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Spline shaft
Spline shaft can be divided into precision solid spline shaft, special spline shaft and hollow spline shaft (K and N)
The shape of the spline shaft can be manufactured according to your requirements. Thus, when estimating or placing an order, please provide a drawing of the

desired spline shaft.

Mounting of ball splines
Examples of splined outer cylinder mounting are shown in Table 2.9.2. Although the fixed strength in the direction of the spline shaft is not required to be very

high, the phenomenon of knocking it in without fixing it should be avoided.

Table2.9.2
cil ////////////////////
1 e //////
5 / CB:I*
C-buckle fixed =il}] - - = - - : :
( ) ; H Section shape of spline shaft
VT Table 1 shows the cross-section shape of the
7 ////// spline shaft. If the spline shaft needs to be
cylindrical, do not exceed the minor diameter
size (®d) as much as possible.
o5 s .
g BT o 10 5 16 20 25 30 40 50
KLF I
Integral flange
Table 1 Section Shape of Spline Shaft Unit: mm
G
& 7 Nominal shaft diameter 6 8 10 13 16 20 25 30 40 50
@d in minor diameter 55 TS5 8.95 11.78 14.68 18.58 23.38 28.48 37.25 46.98
e,
[ ®DO h7 in major diameter 6 8 10 13 16 20 25 30 40 50
KLF 7 ;
Integral flange T/ Ball center diameter odp 7 9 11.34 14.58 17.48 21.79 27.02 32.08 43.63 54.18
- )
s / Mass (Kg/m) 0.22 0.39 0.6 1.03 1.56 2.44 3.8 5.49 9.69 15.19
* The size of @d in the minor diameter is the value at which no groove is left after machining.
A Do /’_\”F‘\“ A —] e e
iz 7 LN //i/fﬁi\ ?771 N
e > e L
KLF , . 1 '/a \f\ \ \\n‘ {L [ M '\| Typer
Integral flange - — - $D0__ ~ ] | (_/ ) © ) ic
— . o~ Oy RS
7 Hole shape for standard hollow spline shaft S S R
7
Table 2 shows the hole shape of standard hollow spline shafts
(Kand N) of KLT and KLF types. 2 o £ . i
o [ g8 P ol
| | _ an il /an\ AR
i : . This table may be used when operations such as piping, wiring, / / \‘ (7 \\) .
Fitting of splined outer cylinder venting or weight reduction are required. = f \( J.,l I '} ity
When placing the splined outer cylinder in the axial direction, insert it slowly with a fixture (Fig. 2.9.1). Do not knock on the side plate or gasket. S j ‘Q\K /(4/ \&\ /(
| % ’// ol /
\_;.i\, - o \\\\&://
(the second thread) model (the third thread) model (the fourth thread) model
06 08 10 13 16 20 06 08 10 13 16 20 25 30 40 50
Table 2 Section Shape of Standard Hollow Spline Shaft Unit: mm
% Nominal shaft diameter 6 8 10 13 16 20 25 30 40 50
* Table2.9.3 Dimension of cutter for splined outer cylinder — ©D0 h7in major diameter 6 8 10 13 16 20 25 30 40 50
Model  [Nominaldiameter) 6 8 10 13 16 20 25 30 | 40 50 )
- Ball center diameter odp 7 9 11.34 14.58 17.48 21.79 27.02 32.08 43.63 54.18
BO di 5.0 7.0 85 | 115 | 145 | 185 | 23 28 | 37.5 | 46.5
Aperture (odd) 2 3 4 7 8 10 12 16 20 26
Model  [Nominaldiametert - | 8 | 10 | 12 | 15 | 20 | 25 | - - |- TypeK
X
BO di - 7.0 8.5 10.5 11 16 205 - - Mass (Kg/m) 0.177 0.33 0.506 0.872 1.25 1.82 2.92 3.93 6.75 11.4
Aperture (¢d4) / / / / 11 14 18 21 29 36
TypeN
Mass (Kg/m) / / / / 0.83 1.34 1.96 2.88 5.1 7.9
Table2.9.1
Note) Standard hollow spline shafts can be divided into Kand N types. When ordering, please mark "K" or "N" after the model to show the difference.
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1. Description of KLF & KLT series product specifications

KLF and KLT series are divided into two types: current matching and single output, both of which have the same specifications. The main difference is that the
existing type is cut by the original AKD factory according to customer orders, and the splined outer cylinder is assembled and shipped, and the assembly
accuracy can reach the precision level; The single-outlet spline shaft and spline outer cylinder can be shipped separately, which is more convenient to use, but
the combination accuracy cannot reach the precision level. However, AKD still has strict quality control in the manufacturing process, so the accuracy of the
single-output model is currently at the world-class level and the assembly is easy. Customers can stock up, process and assemble by themselves, which is
quite convenient.

Model of ball spline group for available ball spline group

KLF 006 T2 N N S -9500-P0O-B2+ N3 N3

Splined outer cylinder
KLF: Flange
KLT: Cylindrical

Nominalshaft diameter
Unit: mm

Number of ball rows
T2:Second row T3:Third row T4: Fourth row

Flange type
N: Full circle; Omitted if note having flange

Accuracy of spline shaft
Q: Economical; N: Ordinary; H: Advanced; P: Precision; SP: Ultra-precision;
UP: Ultra-high precision

Spline shaft
S: Solid spline shaft; K: Standard hollow spline shaft; N: Thin-walled hollow spline shaft;
M: Non-standard hollow spline shaft

Splineshaftlength
Unit: mm

Preload level
PO: Clearance; P1: No preload; P2: Light preload; P3 Medium preload

Splined outer cylinder
(Omitted if itis 1) Example: One shaft with two splines: B2

Spline outer cylinder surface treatment
S: Standard; B1: Blackened; N1: Chrome plated; N3: Nickel plated; N4: Cold plated; N5: Nano-plated (black); N6: Nano-plated (gold)

Spline shaft surface treatment
S: Standard; B1: Black; N1: Chrome; N3: Nickel; N4: Cold plating; N5: Nano plating (black); N6: Nano plating (gold)

Remarks: When the splined outer cylinder and shaft have no surface treatment, the label is omitted.

83

2. Nominal code of KLF & KLT series single-output

KLF 006 1P N + N3

Splined outer cylinder
KLF:Flange
KLT: Cylindrical

Nominal shaftdiameter
Unit:mm

Number of ball rows
T2: Second row T3:Thirdrow T4:Fourth row

Flange type
N: Full circle; Omitted if note having flange

Spline outer cylinder surface treatment port
S: Standard; B1: Black; N1: Chrome; N3: Nickel; N4: Cold plating; N5: Nano coated (black); N6: Nano coated (gold)

Model of single-outlet spline shaft

KC 006 T2 N S - 500 + N3

Spline shaft Nominal designation

Nominal shaft diameter
Unit: mm

Number of ball rows
T2:Secondrow T3:Third row T4: Fourth row

Accuracy of spline shaft
Q: Economical; N: Ordinary

Spline shaft
S: Solid spline shaft; K: Standard hollow spline shaft; N: Thin-walled hollow spline shaft;
M: Non-standard hollow spline shaft

Spline shaftlength
Unit: mm

Spline outer cylinder surface treatment
0: Standard; B1: Blackened; N1: Chrome plated; N3: Nickel plated; N4: Cold plated; N5: Nano-plated (black); N6: Nano-plated (gold)
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3. Specification and size of KLF series 3. Specification and size of KLF series

KLF round flange KLT outer cylinder
Mol Mo
R =,
= —
=E " Fl " - Ll
T /T’;E +\’_‘+ 1 T
4 3% /
J Y ﬁ\ - o nl o
y . f LTI
X u = ) &j Y
S \2-20 il
4 ms 4l Ko %
\ ~ag ~28
\q_wg penetrated 4-@x Penetrated 4~ penetrated - S EL J:I <
e = & L Two-start model Three-start model Four-start model fi
06 08 10 13 16 20 06 08 10 13 16 20 25 30 40 50
(the second thread) model (the third thread) model (the fourth thread) model
06 08 10 13 16 20 06 08 10 13 16 20 25 30 40 50
Shaft diameter Spline bearing sleeve Shaft diameter Spline bearing sleeve Mounting Holes
Nominal model d Oilhole Mounting Holes Nominal model d Qil hole b t
Ball series D I= A B F w Steel balls D L 5 L1 005
h7 Q X Y z h7 Q Hg ol
KLF006T2 2 KLT006T2 2
6 14 22 30 6 7.5 il 22 3.4 6.5 35 6 14 22 16.4 10.5 1 25 12
KLFO06T3 3 KLT006T3 3
KLF008T2 2 KLT008T2 2
8 16 24 32 8 75 15 24 3.4 6.5 4.5 8 16 24 16 10.5 1.5 2.5 1.2
KLF008T3 3 KLT008T3 3
KLF010T2 2 KLT010T2 2
10 21 31 42 9 10.5 1.5 32 4.5 8 4 10 21 31 20 13 L5 3 1.5
KLF010T3 3 KLT010T3 3
KLF013T2 2 KLT013T2 2
3 24 35 44 9 11 15 33 45 8 4.5 13 24 35 24 15 15 3 15
KLF013T4 4 KLT013T4 4
KLF016T2 2 KLT016T2 2
16 31 47 51 10 18 2 40 4.5 8 6 16 31 47 36 17.5 2 35 2
KLF016T4 4 KLT016T4 4
KLF020T2 2 KLT020T2 2
20 35 53 58 10 18 2 45 5.5 9.5 5.4 20 35 53 41 29 2 4 25
KLF020T4 4 KLT020T4 4
KLF025T4 25 4 42 70 65 13 26.5 3 52 5.5 9.5 8 KLT025T4 25 -4 42 70 54 36 3 4 2.5
KLF030T4 30 4 47 i if5 13 30 3 60 6.6 11 8 KLT030T4 30 4 47 7 60 42 3 4 2.5
KLF040T4 40 4 64 100 100 18 36 4 82 9 14 12 KLT040T4 40 4 64 100 70 52 4 6 25
KLF050T4 50 4 80 121 124 20 46.5 4 102 11 17.5 12 KLT050T4 50 4 80 121 91 58 4 8 4
Base torque rating Basic rated load Static permissible moment Quality Base torque rating Basic rated load Static permissible moment Quality
Nominal model (& Cor Co Moz Moz Outer cylinder Axial Nominal model Cr Cor G Co Mo1 Moz Outer cylinder Axial
N-m N-m kN kN N-m N-m g kg/m N-m N-m kN kN N-m N-m g kg/m
KLF006T2 4.51 7.44 1.34 2.2 3.82 34.1 36.5 0.22 KLT006T2 451 7.44 1.34 22 3.82 34.1 14 0.22
KLF006T3 6.31 10.43 1.34 2.2 5.35 47.74 38 0.2 KLT006T3 6.31 10.43 1.34 22 5.35 47.74 15.5 0.2
KLFO08T2 5.88 9T 1.34 22 3.82 37.43 47 0.39 KLT008T2 5.88 9.7 1.34 22 3.82 37.43 16 0.39
KLFOO8T3 8.23 13.58 1.34 2:2 5:35 5241 52 0.36 KLT008T3 8.23 13.58 1.34 202 5.35 52.41 20 0.36
KLF010T2 15.87 22,04 2.79 3.89 9.31 83.59 100 0.6 KLT010T2 15.87 22.04 2,79 3.89 931 83.59 37 0.6
KLF010T3 22.22 30.86 2.79 3.89 13.03 117.03 110 0.56 KLT010T3 22,22 30.86 2,719 3.89 13.03 117.03 45 0.56
KLF013T2 28.32 38.61 3.88 5.29 14.7 122.1 117 1.03 KLT013T2 28.32 38.61 3.88 5.29 14.7 122.1 52 1.03
KLF013T4 49.56 54.05 4.26 6.35 2572 213.68 125 1 KLT013T4 49.56 54.05 4.26 6.35 2572 213.68 60 1
KLF016T2 46.75 72.81 5.34 8.32 36.35 255.68 226 1.56 KLT016T2 46.75 72.81 5.34 8.32 36.35 255.68 130 1.56
KLFO16T4 81.81 127.42 7.04 12.88 63.62 447.44 245 1:5 KLTO016T4 81.81 127.42 7.04 12.88 63.62 447.44 149 1.5
KLF020T2 77.42 118.48 7.1 10.86 54.19 372.4 303 2.44 KLT020T2 77.42 118.48 Tl 10.86 54.19 372.4 188 2.44
KLF020T4 135.48 207.34 10.2 18.7 126.5 651.7 320 2.4 KLT020T4 135.48 207.34 10.2 18.7 126.5 651.7 210 2.4
KLF025T4 2155 421.5 9.82 15.61 101.43 672.18 550 3.8 KLT025T4 215.5 421.5 9.82 15.61 101.43 672.18 275 38
KLF030T4 296.55 616.71 11.37 19.4 153.66 914.05 725 5.49 KLT030T4 296.55 616.71 11.37 194 153.66 914.05 395 5.49
KLF040T4 1032.63 1725.29 29.12 39.52 35858 2414.13 1715 9.69 KLT040T4 1032.63 1725.29 29.12 39.52 35858 2414.13 843 9.69
KLF050T4 1762.92 2982.63 40.04 55.03 505.48 4201.45 3175 15.19 KLT050T4 1762.92 2982.63 40.04 55.03 505.48 4201.45 1758 15.19
1kN~102kgf  1N-m=0.102kgf-m 1kN~102kgf  1N-m#0.102kgf-m
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1-4-1 Example of Mounting Precision Ball Screw/Spline Model KBBY
1-5 Nominal Model Code of Rotary Series

Large load capacity, zero clearance in rotation direction, high sensitivity, high rigidity, simple assembly
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1-1 Features of AKD Precision Rotary Ball Screw/Spline TARlELLTMasssElcS
Rotary Ball Screw - KFBY Type Rotary Ball Spline - KLBF Type

AKD rotary ball screw and spline is designed to move linearly and rotationally in oneassembly, with symmetrical orientation design between the outer and
inner ball screw or spline nut.Both rotary and spiral movement can be achieved simultaneously.

AKD rotary line is the most ideal key component in scara robots, industrial robots, pick & place, laser engraving, transporting and many other multi-
directional application.

Zero clearance/High rigidity
AKD rotary series featured 40° angular (Back to back) contact angle within in the bearing. It enables self-aligning with minor mounting error and bears higher
axial load to achieve better accuracy. Custom preload can be applied to reduce clearance and increase high rigidity. (as shown in Fig 1.1.1)

High speed/Smooth running performance
Therotary series uses AKD high lead screw to maintain high speed and smoothness during operating.

Noise reduction
The precision ground screw thread and spline groove make sure the ball bearing travel fluently during operations which reduce the skidding, friction and
noise level and thus improve the service performance and life.

Easy-Assembly/Compactness
AKD rotary line features a one-piece compact and easy m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>