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ABOUT LINEAR GUIDE

1-1 Features of TBI MOTION Linear Guide

M 1-1-1 High Accuracy

Linear Guide has little friction, only a small driving force is needed to move the load. Low friction
helps the temperature rising effect to stay low. Thus, the friction is decreased and the accuracy can
be maintained for a long period than tradition slide system.

W 1-1-2 High Rigidity

The design of Linear Guide features an equal load rating in all directions that provide sufficient
rigidity load in all directions, self-aligning capability to absorb installation-error. Moreover, a sufficient
preload can be achieved to increase rigidity and makes it suitable for any kind of installation.

M 1-1-3 Easy for Maintenance

Compared with high-skill required scrapping process of traditional slide system, the Linear Guide
can offer high precision even if the mounting surface is machined by milling or grinding. Moreover,
the interchangeability of Linear Guide gives a convenience for installation and future maintenance.

H 1-1-4 High Speed

Linear Guide block, rail and ball apply by contact point of rolling system. Due to the characteristic
of low friction, the required driving force is much lower than that in other systems, thus the power
consumption is low. Moreover the temperature rising effect is lower even under high speed
operation.

A02  www.tbimotion.com.tw



M 1-1-5 High Mechanical Efficiency without Clearance.

Table 1.1.1
Drawing Characteristics, Performance
e Two trains of balls.
S e In a Gothic-arch groove, each ball contacts the
N raceway at four points 45°- 45°.
T e |t has constant contact point between ball and
y arc groove.
e Rigidity has high stability.
e Two-row design is able to perform an equal load
rating in four directions.
Ny e Four trains of balls.

e The circular-arc groove has two contact points at
45°- 45°(DF)-Four-Row Design features an equal
load rating in all four directions with high rigidity.

e Four-row design is able to perform an equal load
rating in four directions.

o Self-Aligning to absorb installation-error.

e Four trains of balls.

e The circular-arc groove has two contact points at
45°- 45° (DB).

e Four-Row Design features an equal load rating in
all four directions with high rigidity.

e Low friction promotes smooth operating
condition.

e Four trains of balls.

e |n the Gothic-arch groove, each ball contacts the
raceway at two points 45°- 45°, Light preload, two
contact points, Heavy preload, four contact points.
e Compared with traditional DB type, it has higher
rigidity.

www.tbimotion.com.tw
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ABOUT LINEAR GUIDE

1-1 Features of tbimotion Linear Guide

The Contract table of four-row design with equal load rating and two-row Gothic design.

o\“&b& %
CP& 0,
\\5 ® Detail B-B
s‘\% Detail A-A
@

Differential slip Differential slip

b

o

di 3. 14xd1 di 3. 14xd1
a b’ a b
& 3. 14xd2 & 3. 14xd2

Fig 1.1.1 Four-Row Equal Load Ratting Design Fig 1.1.1 Four-Row Equal Load Ratting Design

As shown in the diagram, the difference between inner surface circumference(rtdl)and outer
surface circumference(rtd2)which is the contact point of ball, it is the slip that will occur while the ball
rolling, this is called differential slip.. if the differential slip is larger, the ball will rotate while rolling,
increasing the friction coefficient and friction resistance. Under the condition with preload and
loading, due to the two point of contact the difference between d1 and d2 is little, the differential
slip is little as well, the smoothness of rolling can be achieved and thus increase efficiency.
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1-2 The Procedure of Select Linear Guide

M 1-2-1 Flowchart

a Set the operating conditions

Span, No. of
blocks, and
No. of rails
changed D
e Select the correct type
Type or size
changed .
e Calculate the applied load
-
e Calculate the equivalent load
-
e Calculate the static safety factor
4
4{ Is the static safety factor verified?
NO
[ ves
e Calculate the mean load
-
e Calculate the nominal life
-

e Calculate the service life in hours

N 4

Set the conditions for the design of loads on the Linear Guide.

« Space available for the guide part. -« Frequency of use (duty cycle).

« Dimensions (span, No. of blocks, - Velocity (acceleration).

No. of rails, and thrust). « Stroke length.

« Installation direction (horizontal, «Required service life.
vertical, tilted, wall-hung, or -« Service environment.
suspended). « Motion precision .

« Magnitude of the applied load,
direction, and location.

« Select proper type, size and quantity (If applied with ballscrew, the size
of guideway should be similar to diameter of ballscrew).

« Calculate the load that a Linear Guide block exerts on the Linear Guide.

« Convert the load that Linear Guide blocks exert in each direction into
an equivalent load.
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« Verify the value of the static safety factor for the basic static-load rating
and Maximum applied load.

« Average the applied loads which fluctuate during operation, and
convert them into a mean load.

« Calculate the running distance using the service-life equation.

« Using the service-life equation to calculate the running
distance or hours

Convert the running distance obtained into the service life
NO | in hours. Does the value obtained satisfy the enquired Service life?

I YES
« Determine the radial clearance to be used.
e Forecast the rigidity « Determine the fastening methods to be used.
« Determine the rigidity at the fastened areas.
v

@ Select the accuracy and precision

. 4

m Safety design

N

@ Completion of selection

« Determine the accuracy grade to be applied.
« Determine the mounting surface precision to be used.
« Select the precision level.

« Determine the lubricants (grease, oil, special lubrication, etc.) to be
used.

« Determine the lubrication method (periodic greasing, forced
lubrication, etc.) to be used.

- Determine the material (Standard, stainless steel, etc.) to be used.

« Completion of selection.

« Determine the surface treatment (anti-corrosion, appearance
protection, etc.) to be provided.

« Design contaminant protection (bellows, telescopic cover, etc.)

AO05
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ABOUT LINEAR GUIDE

1-3 Basic Load Rating and Service Life of Linear Guide

When determining a model that would suit your service conditions for a linear motion system,
the load carrying capacity and service life of the model must be considered. To consider the load
carrying capacity you should know the static safety factor of the model calculation based on the
basic static load rating. Service life can be assessed by calculating the nominal life based on the
basic dynamic load rating and checking to see if the obtained value meet your requirements.

The service life of a linear motion system refers to the total running distance that the linear motion
system travels until flaking (the disintegration of a metal surface in scale-like pieces) occurs there to
as a result of the rolling fatigue of the material caused by repeated stress on raceways and rolling
elements.

Basic Load Rating : There are two basic load ratings for linear motion systems : basic static load
rating (Co), which sets the static permissible limits, and basic dynamic load rating (C).

M 1-3-1 Basic Static Load Rating (Co)

If a linear motion system, whether at rest or in motion, receives an excessive load or a large impact,
a localized permanent set develops between the raceway and rolling elements. If the magnitude of
the permanent set exceeds a certain limit, it hinders the smoothness of the motion system.

The basic static load rating refers to a static load in a given direction with given magnitude such
that the sum of the permanent set of the rolling elements and that of the raceway at the contact
area under the most stress is 0.0001 times greater than the rolling element diameter.

In linear motion systems, the basic static load rating is defined as the radial load. Thus the basic
static load rating provides a limit on the static permissible load.

B 1-3-2 Basic Permissible Moment (Mx, My, Mz)

When a Linear Guide gets a force that makes the balls distorted to 1/10,000 of their diameter, we
call the force as basic static permissible moment. Values of Mx, My, Mz are shown on Fig 1.3.1,
which suggest 3 axis of moment on a Linear Guide slide.

-
R S
[ g | ¢ |
[ E—
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M 1-3-3 Static Safety Factor fs

fs : static safety factor

Co Mo  Co: basic static load rating (N)

fs = or Mo : static permissible moment (N-mm)
P M P : calculated load (N)

M : calculated moment (N-mm)

A linear motion system may possibly receive an unpredictable external force due to vibration and
impact while it is at rest or is moving or due to inertia resulting from start and stop. It is therefore
necessary to consider the static safety factor against operating loads like these. The static safety
factor (fs) indicates the ratio of a linear motion system load carrying capacity [basic static load
rating Co] to the load exerted there on.

To calculate the applied load on Linear Guide, mean load and static safety factor must be obtained
in advance. In the working environment with high intensity while start and stop, cantilever or
cutting, a unexpected heavy load may occurs, therefore the maximum load must be acquired.
Datum values of static safety factor are shown below;
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Table 1.3.1  Static Safety Factor fs

Machine Used Loading Conditions fs lower limit
Ordinary Industrial Receives no vibration or impact 1.0-13
Machine Receives vibration and impact 2.0-3.0
Receives no vibration or impact 1.0-15
Machine Tool
Receives vibration and impact 2.5-7.0
. fan - fo- fo - Co f
For large radial loads | ———2———— =Ts | £, static safety factor
Co : Basic static-load rating (radial) (N)
Col : Basic static-load rating (reverse-radial) (N)
For large reverse- fo - fo - fo - CoL CoT : Basic static-load rating (lateral) (N)
radial loads PL =fs Pr : Calculated load (radial) (N)
P.: Calculated load (reverse-radial) (N)
Pr: Calculated load (lateral) (N)
| | l load fn - fo- fc - Cor f fn : Hardness factor (Fig1.3.2)
For large lateral loads Py =Ts fi : Temperature factor (Fig1.3.3)
fe . Contact factor (Table1.3.2)

www.tbimotion.com.tw ~ A07



aping Jeaul

ABOUT LINEAR GUIDE

1-3 Basic Load Rating and Service Life of Linear Guide

M 1-3-4 Service Life (L)

Even when identical linear guideways in a group are manufactured in the same way or applied
under the same condition, the service life may be varied. Thus, the service life is used as an
indicator for determining the service life of a linear guideway system. The nominal life (L) is defined
as the total running distance that 90% of identical linear guideways in a group, when they are
applied under the same conditions, can work without developing flaking.

Ml 1-3-5 Basic Dynamic Load Rating (C)

Basic dynamic load rating (C) can be used to calculate the service life when linear guideway system
response to a load. The basic dynamic load rating (C) is defined as a load in a given direction and
with a given magnitude that when a group of linear guideways operate under the same conditions.
As the rolling element is a ball, the nominal life of the linear guideway is 50 km. Moreover, as the
rolling element is a roller, the nominal life is 100 km.

M 1-3-6 Calculation of Nominal Life

The service lives of linear motion system more or less various from system to system even if they
are manufactured to the same specifications and remain in service under the same operating
conditions. Hence, a guideline for determining the service life of a linear motion system is based
on nominal life, which is defined as follows. The nominal life refers to the total running distance
that 90% of identical linear motion systems in a group, when interlocked with one another under
the same conditions, can achieve without developing flaking. The nominal life (L) of a linear motion
system can be obtained from the basic dynamic load rating (C) and load imposed (P<) using the
following equations.

fn - fo - fe C

For a linear motion system with balls L=( Tt Pe ) - 50
10

For a linear motion system with rollers L= ( m . c )3 - 100

fw Pc

AO08  www.tbimotion.com.tw



Service-Life Equation

The service life of the Linear Guide can be obtained using the following equation :

fn - fo-fe
(———

fw

C s

?) - 50 km

(total distance that can be traveled by at least 90% of a group of Linear Guide operated under the same conditions)

C : basic dynamic-load rating (N)
Pc : calculated load (N)
f : hardness factor (Fig 1.3.2)
fi: temperature factor (Fig 1.3.3)
< : contact factor (Table 1.3.2)
fw : load factor(N) (Table 1.3.3)

(Once nominal life (L) is obtained using this equation. The Linear
Guide service life can be calculated by using the following
equation if the stroke length and the number of reciprocating
cycles are constant)

[ fn: Hardness factor]

To ensure achievement of the optimum load-bearing
capacity of the Linear Guide, the raceway hardness
must be 58~64 HRC. At a hardness below this range,
the basic dynamic and static-load ratings decrease.
The ratings must therefore be multiplied by the
respective hardness factors (fn). As the Linear Guide
has sufficient hardness, fh for the Linear Guide is 1.0
unless otherwise specified.

1.0

cal L
\

0.7

0.6 \

05

0.4

Hardness Factor

0.3

=

0.2

0.1

1 1 1 1 1
60 50 40 30 20 10

Raceway hardness(HRC)

Fig 1.3.2 Hardness Factor (fr)

L - 10°
2 /- Ni- 60

Lh =

Lh : service life in hours (h)
[s - stroke length (mm)
N1 : No. of reciprocating cycles per min (min™)

[ f:: Temperature factor]

For Linear Guide used at ambient temperatures over
100°C, a temperature factor corresponding to the
ambient temperature, selected from the diagram
below, must be taken into consideration. In addition,
please note that selected Linear Guide itself must be a
model with high-temperature specifications.

1.0
=7
— \\
S 09 ~—
8
£ o -~
g ™~
5
2 o7
g
£ 06
'ul 05
(fy
100 150 200(°C)

Raceway temperature

Fig 1.3.3 Temperature Factor (f;)

#When used at ambient temperatures higher than 80°C, the seals,
end caps, and ball cages used must be changed to those with
high-temperature specifications.
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ABOUT LINEAR GUIDE

1-3 Basic Load Rating and Service Life of Linear Guide

[ fc: Contact factor]

When multiple Linear Guide blocks are laid by each
other, moments and mounting-surface precision will
affect operation, making it difficult to achieve uniform
load distribution. For Linear Guide blocks used laid
over one another, multiply the basic load rating (C),
(Co) by a contact factor selected from the table below.

Table 1.3.2 Contact factor (f)

[fw: Load factor]

In general, machines in reciprocal motion are likely to
cause vibration and impact during operation, and it
is particularly difficult to determine the magnitude of
vibration that develops during high-speed operation
as well as that of impact during repeated starting and
stopping in normal use. Therefore, where the effects
of speed and vibration are estimated to be significant
divide the basic dynamic-load rating (C) by a load

factor selected from the table below.
No. of Blocks Used | Contact Factor (f)

In normal use 1 Table 1.3.3 Load Factor (fw)
Vibration
g e and Velocity(V) fu
3 072 Impact
. Very Low
4 0.66 Very Slight V<025 m/s 1~1.2
5 0.61 . Low
Slight 12~15
6 or more 0.6 0‘2’?;\:1 i
edium
. - Moderate 12V<2 m/s 1.5~2
#When the non-uniform load distribution can be -
predicted, as in a large system, consider using a contact Strong High 2~35
factor. V>2 m/s

Calculation Examples :

Application : Machine Center

Block model number : TRH30FE

(Basic static load Co = 88.329kN, Basic dynamic load C = 47kN)
The calculated load Pc = 2614 N

The formula of calculating the life time by travel is

fu - fr-fe c

3
fw Pc).50km

L= (
Since using only one block in this application, we take fc = 1
Supposed the speed is not very high between 0.25~1 m/s, so we take fu = 1.5
The temperature of working environment is under 100°C. The temperature factor fi = 1
The hardness of raceway is 58~64 HRC, so the hardness f = 1

With all above data, the life time by travel of this application L = 86.112 km

To calculate the life time by using hours :
We supposed the distance of travel Ls = 3000 mm
Times (Back and forth) per mins N1 = 4 (min™)
The life time by travel is 86.112 km, the distance of travel is 3 m (3000mm), so each back and forth
is6m.
The total times of back and forth would be 86.112 x 1000/6 = 14352
The life time by using minutes is 14352/4 = 3588 mins = 59.8 hours
A10
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M 1-3-7 Service-Life Equation L

The Service Life can be calculated by operating term and velocity Nominal Life.

3 cC 3 3
L-10 —5)-50-10
() hr

b =760 )" V. 60
Ln : Service Life in Hour L : Nominal life (km)
Ve : Velocity (m/min) C/P : Load Ratio
Calculating Life Time C
=}
Formula (A) calculating hour Formula (B) calculating year 2
Ln : Lifetime (h) Ly : Lifetime (year) )
L : Nominal life (km) L : Nominal life (km) =
Ls : Distance of travel (mm) Ls : Distance of travel (mm) ®
N1 : Times of travel per minute (min™) N1 : Times of travel per minute (min)
M : Minutes of running per day (min/hr)
e Hn : Hours of running per day (hr/day)
Ln= & Dn : Days of running per year (day/year)
"2 L Ni-60 ey 9 peryearicaysy
6
L-10
Ly =

2-Ls-N1-Mn-Hn-Dn

Notes : The service life is verified by different environments and other usage conditions. Please confirm this information with the costumer.
For environment factors, please refer to page A08~A10
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ABOUT LINEAR GUIDE

1-3 Basic Load Rating and Service Life of Linear Guide

Example 1:

There is a working station using linear guides with a nominal life of 45000 km, how should we
calculate its service life in hours.

Known :
Ls : Distance of travel = 3000 mm (mm)
N1 : 4 times of travel per minute (min™)

L L-10°  4s000-20° .
"T T2 . Ls-N1-60  2-3000 460 '

Example 2 :

There is a working station using linear guides with a nominal life 71231.5 km, how should we
calculate its service life in year.

Known :

Ls : Distance of travel = 4000 mm (mm)
N: : 5 times of travel per minute (min™)
Ms : Running 60 mins per hour (min/hr)
Hs : Running 24 hours per day (hr/day)
Ds : Running 360 days per year (day/year)

6
L-10 B 712315 - 10°
2 Ls-Ni-Ms-Hs-Ds 24000 5 60 - 24 - 360

Ly = =3.435year

A12  www.tbimotion.com.tw



1-4 Friction

The construction of Linear Guide are block, rail and motion system which has rolling elements, such
as balls and rollers, placed between two raceways. The rolling motion that rolling elements give
rise to reduce the frictional resistance to 1/20 th to 1/40 th of that in a slide guide. Static friction, in
particular, is much lower in a linear motion system than in other system, and there is little difference
between static and dynamic friction, so that stick-slip does not occur. Therefore, Linear Guide could
apply in various precision motion system. Frictional resistance in a linear motion system varies
with the type of linear motion system, the magnitude of the preload, the viscosity resistance of the
lubricant used the load exerted on the system, and other factors. Table shows Friction of Linear
Guide.

Formula of Friction :

0.015 E
=
F=p:w+f 5
F: Friction . E)
W : Load g oo \ s
1 : Friction Coefficient g ! o
f: TR Frictional g |
Resistance £ oos
1 —
0 0.1 0.2

Fig 1.4.1

Table 1.4.1  Friction Coefficient u of Various Linear Motion Systems p

Type of Linear Motion System Friction Coefficient lﬁ?alfjosjtio (P/C)

Linear Guide 0.002~0.003 C - Basic Dynamic Rating
Ball Spline 0.002~0.003

Linear Guide Roller 0.0050~0.010

Cross Roller Guide 0.0010~0.0025

Linear Ball Slide 0.0006~0.0012
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ABOUT LINEAR GUIDE

1-5 Working Load

M 1-5-1 Working Load

The load applied to the Linear Guide, varies with the external force exerted thereon, such as the
location of the center of gravity of an object been moved, the location of the thrust developed,
inertia due to acceleration and deceleration during starting and stopping, and the machining
resistance. To select the correct type of Linear Guide, the magnitude of applied loads must be
determined in consideration of the above conditions to calculate accurate applied load.

To obtain the magnitude of an applied load and the service life in hours, the operating conditions
of the Linear Guide system must first be set.

(1) Mass : m (kg) (7) Duty cycle (No : of reciprocating
(2) Direction of the action load cycles per min) : N1 (min™)
(3) Location of the action point (8) Stroke length : L (mm)

(e.g., center of gravity) : Lz, L3, hi (mm) (9) Mean velocity : Vm (mm/s)

(4) Location of the thrust developed : Ls, h2 (mm)  (10) Required service life in hours : Ln (h)
(5) Linear Guide system arrangement : Lo, L1 (mm)
(6) Velocity diagram

Velocity : V (mm/s)

Time constant : tn (s)

Acceleration : an (mm/s®)
an = Vv
n _( tn )

Gravitational acceleration g = 9.8 m/s’

t1 t2 t3 ©)

Velocity V (mm/s)

Velocity diagram L

Fig 1.5.2
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Calculating the Working Load

The load applied to the Linear Guide varies with the external force exerted thereon, such as the
location of the center of gravity of an object being moved, the location of the thrust developed,
inertia due to acceleration and deceleration during starting and stopping, and the machining
resistance.To select the correct type of Linear Guide, the magnitude of applied loads must be
determined in consideration of the above conditions. Using the following Table 1.5.1, we will now
calculate the loads applied to the Linear Guide.

m : Mass (kg) g : Gravitational acceleration (m/s°)
Ln : Distance (mm) (g=9.8m/s?)
Fn : External force (N) V : Velocity (m/s) -
Pn : Applied load (N) tn : Time constant (s) é
(radial and reverse-radial directions) an : Acceleration (m/s?) o
PnT : Applied load (N) \% 0)
pp an=(—,) e
tn o
(v}
Table 1.5.1 Calculation Load
No. Opearating Conditions Equation for Calculating Applied Load
Install in a horizontal position.
(Move the block) SR mg-L2  mg-Ls
measure in uniform motion or at rest. 4 2-Lo 2-L:
F_mg mg - L2 mg - Ls
1 T4 T 2L T 2L
mg mg- L2 mg-Ls
Fs= - +
4 2 Lo 2L
F.= mg +mg-Lz+ mg-Ls
4 2 Lo 2L
Install in an overhung horizontal positon.
(Move the block)
Measure in uniform E.= mg " mg-L2 + mg-Ls
motion or at rest. 4 2 Lo 2L
m mg-L mg-L
F,- Mg mg-Lz mg:Ls
4 2-Lo 2-La
2 = mg mg- L2 mg-Ls
T4 7 2L 0 2-L:
_ mg mg- L2 mg-Ls
e S P ST
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ABOUT LINEAR GUIDE

1-5 Working Load

No. Opearating Conditions Equation for Calculating Applied Load

Install in a vertical position.
Measure in uniform motion or at rest.

FizFozFazFu= L2
1= F2=F3=Fa4= > Lo
? Fir=Far=FormFars — 52
1T— 2T— 3T— 4T — 2L0
(EX) On the vertical axis of industrial robots
in automatic painting machines
and lifters
On a wall.
Measure in uniform motion or at rest.
1=F2=F3=Fa= 2. L
mg mg-L2
Fir=Far= — +—
4 1T 4T 4 2 . Lo
m mg- L2
Feor=Far= Tg - %

(EX) On cross rails loader travel axis

A16  www.tbimotion.com.tw



No. Opearating Conditions Equation for Calculating Applied Load
Move on Linear Guide rail
Install in a horizontal position.
m mg- L1
Fima=Famax=Famax=Famax= Tg %
° coe o mg mgli
1min=I"2min—F3min—I4min— 4 - 2 Lo
(EX) X - Y table/Sliding fork
Fim + mg - Ccosg ., mg - Ccosy - L2
4 2 Lo
_ Mg - cosp - Ls mg - sing - hu
2-L 2L
_ mg - sing . mg - sing - L2
S T
mg - cos¢ mg - cose - L
Install in a laterally tilted position. Fo=+ 9 2 . Mg 5. LZ) :
__mg-coso-Ls  mg-sing- h
2L 2-L
Frm mg - sing._mg - sing - L.
o 4 2 Lo
6
Fam + mg - cosg — mg - Cosg - L.
2 Lo
mg - cosg - Ls  mg - sing - h:
2-L i 2-L
Fare mg - sing. _mg - sing - L2
(EX) NC lathe/Carriage (for the lathe) o 4 2 - Lo
-4 Mg :COSH Mg - COSo: L2
4 2 - Lo
mg-cose-Ls mg- sing - ha
2L 2L
_ mg-sing . mg - sing - L2
P " 206

www.tbimotion.com.tw

A17

=
>
®
o
=
®
=
=y
®




ABOUT LINEAR GUIDE

1-5 Working Load

No.

Opearating Conditions

Equation for Calculating Applied Load

Install in a longitudinally tilted position.

(EX) NC lathe/Tool res (for the lathe)

mg -cose mg -cose -L2
Fi=+ +

2 Lo
mg -coseo -Ls mg -sing - h:
2-L: 2 Lo
mg -sing -Ls
2 Lo

Fir=+

mg -C0S ¢
Fa=+ 9 4 -

2-Lo
mg -coseo -Ls mg -sing -h:
. 2-L: . 2 Lo
mg -sine -Ls
2-Lo

mg -coso - L2

Far=-

Foo4NQ "COSO
3= P -

mg -cos¢ -Ls

2L

mg -sing - Ls
2 Lo

mg -cosg - L2
2 Lo

mg -sine - h:
2-Lo

Far=-
mg -cosg mg -coso -L2
2-Lo

mg -sing - h
2 Lo

Fa=+
mg -coso -Ls
2L
mg -sing -Ls

2 Lo

Far=+

Install in a horizontal position subjected
to inertia.

2
2
5
s
2
3
s
<

t1 t2 ts_| Time(S)
Velocity diagram L

(EX) Wagon Truck

mg mg-a-L2
4" 2-Lo-g
. _mg mg-a-L2
FZ_F3_4+—2'LO'Q
mg -ai-Ls
2-Lo-g

Fi=Fa=

Fir=F2r=Fsr=Fasr=

mg

Fi=F2=Fs=Fa= 4

mg mg -as-L2

4" 2. Lo-g

E+mg~a3-Lz

4 2-Lo-g

mg -as-Ls
2-Lo-g

Fi=Fa4=

F2=Fs3=

Fir=F2r=Far=Far=

A18
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No Opearating Conditions Equation for Calculating Applied Load
Mount in a vertical position subjected to
inertia.
mg+mg-a L
F1:F2:F3:F4:( 9 9-a179)-Le
2-Lo
mg+mg-a ‘L
F1T:F2T:F3T:F4T:( g g 1/9) S
2-Lo
FizFozFazFoz 20 L2
1= F2=F3=Fa= 2 Lo
9 _ _ _ _ mg-L2
Fir=F2r=Fsr=Far= —2 Lo
> __ __ __ _(mg-mg-as g)-L2
g Fi=Fo=Fa=Fu= L.
£ \% mg-mg-a L
> an= FlT:FZT:F3T=F4T=( 9 9 3/9) S
2 tn 2-Lo
g
Q
Tl e |t | Times)
Velocity diagram L
(EX) Elevator.
. _Qui-Ls
Fi=F2=Fs3=F4= 2 Lo
Install on a horizontal position subjected Q1-Ls
to external force. Fir=Far=Far=Far=—/—
2:Lo
. _ Q2 Q2-L2
Fi=Fa= 4 o 2 Lo
-L
F2=Fs= Q2 -g
10 4 2-Lo
__ __ __ _Qs-Ls
Fi=F2=Fs=Fa4= 5L,
B _ Qs Qs-L2
Fir=Far= 2 + > Lo
B _ Qs Qs-L2
Far=Far= 7 2.Le

www.tbimotion.com.tw
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ABOUT LINEAR GUIDE

1-6 Safety Factor and Load

H 1-6-1 Equivalent Factors of Linear Guide Block

Where a sufficient installation space is not available you may be obliged to use just one Linear
Guide block or two Linear Guide blocks laid over one another for the Linear Guide. In such a
setting, the load distribution cannot be uniform, as a result, an excessive load is exerted in localized
areas (e.g., rail ends). Continued use under such conditions may result in flaking in those areas,
consequently shortening the service life. In such a case, calculating true load by multiplying the
moment value by any one of the moment-equivalent factors specified in Tables.

f\ Rows of balls under a load

=
g Moment load
= » Y Rows of balls
2 under a load
=
® B

a=|3=

28|28 Bal displace-

£®| ES| mentLine Ball load curve

25| E8

38| 38

s%8| =%

Fig 1.6.1 Ball Load Effected by a Moment

An equivalent-load equation applicable when a moment acts on a Linear Guides is shown below.

pP=K-+M

P : Equivalent load per Linear Guide (kgf)

K : Equivalent moment factor (mm™)

M : Developed moment (kgf - mm)

KA, KB, KC represent the equivalent moment factors in directions MA, MB, MC respectively.
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Calculation Examples

Two Linear Guide blocks are used laid over one another.
Model No : TRH30FE

Gravitational Acceleration g = 9.8 m/s

Mass w = 5 kgf

MC =5 - 150 = 750 (kgf-mm)

MA =5 - 200 = 1000 (kgf-mm)

No.1 No.3
Ep==R== . -
No.2 No.4 =

Q

Ma Mec E)

N c

=

200

N
Uy
=)

T~

Fig 1.6.2
Me w -2 750 2 5
P1=Kc - 5 Ka - MA+7= 7.15 - 10 5t 1.3-10- 1000+7=42.3 (kgf)
M. W 2 750 2 5
P2z Koo +Ka Mat o =-7.15 10 -—=+1.3- 10 - 1000 + - =-11.3 (kg)
Me w 2 750 2 5
P3=Kc o Ka - MA+?:7.15 - 10 T 1.3-10- 1000+?: 16.3 (kgf)

M. w 2 750 2 5
Pa=-Ke - -Ka- Mt =-7.15- 10 - —— - 1.3 - 10 - 1000 + —- = -37.3 (kgf)

#Note.1
Since a Linear Guide in a vertical position receives only a moment load, there is no need to apply other loads (w).
*#Note.2

In some models, load ratings differ depending on the direction of the applied load. With such a model, calculate an equivalent load in a
direction in which conditions are comparably bad
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ABOUT LINEAR GUIDE

1-6 Safety Factor and Load

Table 1.6.1 TRH-V

Equivalent Factors Ka(mm') Equivalent Factors Ko(mm') }

ModelNo.| Equivalent Load ggllémf:gg:] I}g?‘i Equivalent Load qugﬁ{ﬁggtﬁad E(:::::\;Zlfsnt

syaemUsneGre | SemUsto e | addmiongone | ragsenisngTie | K(mm)

Linear Guide Block Over One-Another Linear Guide Block | i Ger One-Another
TRH15VN 1.48x10" 3.11x10° 1.48x10" 3.11x107 1.34x10"
TRH15VL 1.26x10" 2.70x10? 1.26x10" 2.70x107 1.34x10"
TRH20VN 1.11x10” 2.35x107 1.11x10" 2.35%107 9.90x107
TRH20VE 8.00x10? 1.78x10? 8.00x107 1.78x107 9.90x107
TRH25VN 1.04x107 2.17x10 1.04x10" 2.17x10 8.62x107
TRH25VE 7.35x10” 1.60x10” 7.35x10° 1.60x10° 8.62x10”
TRH30VN 6.52x10° 134x10° 6.52x10° 1.34x10° 7.69x10”
TRH30VE 6.12x10” 133x10° 6.12x10° 133x10° 7.15x10°
TRH35VN 6.95x10” 1.43x10° 6.95x10° 1.43x10° 6.29x10”
TRH35VE 5.25x10” 115x10° 5.25x107 115%107 5.85x10°
TRH45VL 5.80x10" 1.24x10° 5.80x10° 1.24x10° 438x107
TRH45VE 4.59x10° 1.00x10° 4.59x107 1.00x10 4.38x107
TRH55VL 5.25x107 1.07x107 5.25x10” 1.07x107 3.78x107
TRH55VE 4.08x10” 8.69x10° 4.08x10” 8.69x10° 3.78x107
TRH65VL 4.52x10° 8.76x107 4.52x10” 8.76x107 3.24x107
TRH65VE 3.27x107 6.77x10° 3.27x10” 6.77x10° 3.24x10%

Ka : Equivalent moment factor in the pitching direction.
Kb : Equivalent moment factor in the yawing direction.
Kc : Equivalent moment factor in the rolling direction.
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Table 1.6.2 TRH-F

Equivalent Factors Ka(mm'*)

Equivalent Factors Ko(mm™)

Model No.| Easmmertiond | ¢, Sentiond | couvatentions | o, Sametiond | CLCERN
caemoenera, | 7 engTuo | CACRLOn IS, | Uiing T Linar Glide | K.(mmY)
Linear Guide Block v O Linear Guide Block | |4 Over One.Another
TRH15FN 1.48x10" 3.11x10° 1.48x10" 3.11x10° 1.34x10"
TRH15FL 1.26x10" 2.70x10? 1.26x10" 2.70x107 1.34x10"
TRH20FN 1.11x10” 2.35x107 1.11x10” 2.35x107 9.90x107
TRH20FE 8.00x107 1.78x10? 8.00x107 1.78x107 9.90x107
TRH25FN 1.04x107 2.17x10 1.04x10" 2.17x10 8.62x10
TRH25FE 7.35%x10° 1.60x10° 7.35x10° 1.60x10 8.62x10°
TRH30FN 6.52x107 1.34x107 6.52x107 1.34x10? 7.69x10%
TRH30FE 6.12x10° 133x10° 6.12x10° 1.33x10° 7.15x10”
TRH35FN 6.95x10” 1.43x10” 6.95x10” 143x10° 6.29x10”
TRH35FE 5.25x107 115107 5.25x10° 115x10° 5.85x10°
TRH45FL 5.80x10° 1.24x10° 5.80x10° 1.24x10° 438x10
TRH45FE 4.59x107 1.00x10° 4.59x107 1.00x10° 4.38x107
TRHS55FL 5.25x10” 1.07x10° 5.25%107 1.07x107 3.78x10°
TRH55FE 4.08x10” 8.69x107 4.08x107 8.69x107 3.78x107
TRH65FL 4.52x107 8.76x107 452x10” 8.76x107 3.24x107
TRH65FE 3.27x107 6.77x10° 3.27x107 6.77x10° 3.24x10%

Ka : Equivalent moment factor in the pitching direction.
Kb : Equivalent moment factor in the yawing direction.
Kc : Equivalent moment factor in the rolling direction.

www.tbimotion.com.tw

A23

=
>
®
o
=
®
=
=y
®




ABOUT LINEAR GUIDE

1-6 Safety Factor and Load

Table 1.6.3 TRS-V

Equivalent Factors Ka(mm?) Equivalent 