Selection Criteria

Calculating the Average Load

Calculating the Average Load

In cases where the load applied to each LM block fluctuates under different conditions, such as an
industrial robot advancing while holding a workpiece with its arm then retreating with its arm empty,
or a machine tool handling various workpieces, it is necessary to calculate the service life of the LM -
block while taking into account such fluctuating load conditions.

The average load (Pn) is the load under which the service life of the LM Guide is equivalent to that

under varying loads applied to the LM blocks. E
@
) a P»  :Average load (N) i
P.. = ,ll 1 . Z (p“i. L.) P.  :Varying load N @

L %4 L : Total travel distance (mm)

L.  :Distance traveled under load P,
(mm)
i : Constant determined by rolling element

Note) The above equation or the equation (1) below applies when the rolling elements are balls.
(1) With stepwise load fluctuation

LM Guide Using Balls (i=3)

31
Pn =\/T (P La+ P2e L2 o +P. L) ™
P : Average load (N)
Px : Varying load (N)
L : Total travel distance (mm)
La . Distance traveled under P, (mm)

LM Guide Using Rollers (i= )
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P : Average load (N)
P, : Varying load (N)
L . Total travel distance (mm) ___> _E|1
La . Distance traveled under P, (mm) :
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(2) With monotone load fluctuation

1
Pm—- 3 (Pmin + 2 Pmax)

Prin  : Minimum load
Pmex 1 Maximum load

Load (P)

Pmax

(3) With sinusoidal load fluctuation

(@) P 0.65Pmax-

Load (P)

Total travel distance (L)
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Selection Criteria

Calculating the Average Load

Example of Calculating the Average Load (1)
- with Horizontal Mount and Acceleration/Deceleration Considered -

Conditions No. 4 No. 3
V(m/s) ‘
No. 1 No. 2
I
o =, (m/s?) .
t1 t2 t1 mg
) §
S1 S2 S1 ‘
(mm) \ - ] \ &
£ ‘ ‘ ‘ | (
ls (mm)

Ball screw

Load Applied to the LM Block
@®During uniform motion @®During acceleration @During deceleration

mg m-eai*ls meai*ls
Pi=+ - Pai=Pi+ — Pdi =Pi— —————
1 4 a ! 20 ! ! 2+l
mg meouts meou*ts
= + — = _——eeeee = + —
P 4 Pa: = P 2+0o Pd: = P2 2+1o
mg meai*ls meai*ls
Ps= + — Pas=P3— —mM P =P+ —
: 4 a ’ 24 o ’ 2+l
mg meails meaits
=+ — = + = -
P4 4 Pas = Ps 2o Pds P 2+l
Average Load
Pmi = ’ 1— Pa:’. 3. 3.
m1 = A ( air *s1+ Pies: + Pdy Sa)
af 1
Pm2 = \/? (Paza'& +P s + sza'Sa)
s
af 1
Pms = \/? (P833'31 +Psles + Pdaa'Sa)
s
-4 3. 3 S Note) Pa, and Pd. represent loads applied to each LM block
Pm: = \/ ls (Pac=si + Pavs: + Pdi+s)) )The suffix “n” Fi)ndicates the b’I)opck number in the dia-
gram above.
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Example of Calculating the Average Load (2) - When the Rails are Movable

Conditions

Load Applied to the LM Block
@At the left of the arm

_ ., mg  mg-4

Po = Y
Pp = + MI _ Mg"L
4 2+l

Pu = + M9 _ Mgl
4 2'[0

Pu =+ M9, Mgl
4 2'[0

Average Load

Pmi = % (2' | Pe|+]| P |)
1

Pm: = ? (2' | Pe|+| Pr2|)
1

Pms = ? (2' | Pe|+] Prs|)
1

Pre= = (27 | Pasl+] Pu)
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No. 4 No. 3
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@At the right of the arm

-, Mg mg-lr

P = 2
Pr. = + m-% mg.&
4 2’[0

P = + rTﬁ+ mg.&
4 2‘(0

P, =+ MJ_ Mgt
4 2‘(0

Note) P« and P represent loads applied to each LM block.
The suffix “n” indicates the block number in the dia-
gram above.



