LOAD HISTURIES AND SFECTRA AND PREDICTION
OF FAT1GUE STRENGTH IN FORELIFT STRUCTURES

E.b.ostov *

The paper describes a method ot torming repre-
sentative load spectra of forklitft truck metal
structures.Thie method comprises substitution of
cyclic loads having a constant or changing to a
specified law of distribution amplitudes tor the
random loads caused by transport operations.Hand-
ling operations loads are then added to obtain a
schematized load history which is used to get a
representative load spectrum by two-parameter
schematization.This spectrum is used to predict
tatigue strenght of forklift truck metal structu-
res.

1.Introduction

Stress analysis is an etfective method of proving forklift
metal structure service life and fatigue strength. It generates
reliable quantitative data about ctructural component states of
strain and stress in critical points under service loading.The
ctatistical analysis of experimentally obtained load histories
and respective load spectra leads to tormation of representative
load histories.covering one or more working load cycles,which can
also be defined as representative ones.This is possible on the
assumption that the service lecad can be concidered a ctationary
erqgodic process which 1s close to the real situation with fork-
1ift trucke.The divicion of working cycles intec operations makes
possible their separate studv during truck travel and stacking.
Main methods of obtaining the reprecentative load cspectrum trom
experimental spectra are : approximation to an appropriate di-
stribution law tollowed by an extrapolation to reach a specified
probability addition and multiplication of partial spectra (1)
and application of the stress modulation phenomenon (2).Changing
of load mass (utilization of truck load capacity),varying of load
centre location in handling and transport operations,and dynamic
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1pading under various travel speeds and road conditions (asphalt.
pavement,potted road) (%), (4), (D) are taken into account.fs:
regards utilization ot truck load capacity and road conditions of
loading could he classified 25 heavy.medium and light.An appro-
priate combination ot thoee conditions muet be chosen when for-—
ming representative load histories and spectra.

E.Problem_statement

@A method 1S precented o+ +orming reprecentative 1pad histories
and spectra in forklitt trucks.which 1S used to predict service
1ife and tatigue ctrength of 1pad-bearing ctructures. By thie
method empirical and theoretical 1poad spectra for transport ope-
rations are abtained throuah one-parameter rain-flow scnemati:ation
(countinag).These spectra serve as 3 basis for constructing sche-
matized partial load histories with constant mean ctress and an
equivalent amplitude which is constant or varuing to the weibull
law or binomial 1aw. These hicstories are then added to the partial
1oad histories of handling operations.

Z.Fartial cchematized 1pad histories

when the equivalent amplitude bae at equivalent frequency
ne of occurence je a constant value they are defined by the
following set of eaquations (5) ¢

My Mmi
5§ .n =Lb . n
ae € ai i
1),
M= m=
5 .n =LBb . n
ae e ai i

where : My = 3,..3.0 tor welded structures .
Mz = 6..:6.2 TOF pzce material.

The solution of (1) 1s given 1n ref.(5).The procedure is ana-
logical when aszuming & weibull dietribution or & binomial ampli-
tude dietribution.where the treguence (number) of accurence of
separate new spectrum ordere 1< rounded to an integer.This con—
structed.the partial schematized load histories of transport ope-
rations with & concstant mean ctrecs are aded to leoad histories
of the handling processes to obtain partial schematized load his—
tories.When these histories are cubjected to one-or two-parameter
rain-flow schematization.a partial load spectrum will be obtai-
ned.which can be used to predict +atique ctrenagth and cervice 11-
te.e.q. to the reauirements of DIN 15018 and FEM.

4.Re resentative hictories and joad_cspectra

vtive N1=tEl === ———

Two coefficients are gefined 1n order to take into account the
impact of modulation (Euaerpasition) on loading : qk-related
to the influence of I'inematics and load location iQe~ for
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usage ot the rated truck load capacity.bBoth coefficients repre-
sent ratios of real operating cycle mean stress to the mean
stress 1n a cycle under rated load location.Depending on the va-
lues of amplitudes b.s and mean static stress bmai,rela-

tive trequence ot occurance py; tor each partial spectrum are
detined.for the J-th and l-st load history operating cycles,cha-
racterized by coeticients Qny and Qua and relative +re-

quences of occurence p, and pi,the equivalent load amp-

litude gy 1 and 1ts equivalent trequency of occurence py.:

will be determined by the equations :

q =q .q .q (203
13l i 31
[} =p .p .p [ H
ijl i 43 1
Lp =Lp =Lp =ELp =1 (4).
i J 1 ijl

These equations are true when there 1s zero correlation among
load conditions in regard to truck capacity utilization,type of
road and influence of kinematics.A three-parameter matrix is ob-
tained in contrast to ref.(lgwnereit is atwo-parameter one.In so-
me cases it manifests as adding of individual loads.The represen-
tative loading spectrum is received from several successive ope-
rating cycles,covering the major locations of load mass centre
and some extreme loading as well.With the purpose of using a com-
puter,we select a maximum of 16 to 24 working cycles (max.! hour
of operation) with various lengths and surface conditions,possi-
bly ditterent loads,observing the requirements of multivariate
analysis.After schematization the number of amplitude occurences
tor the individual orders will be extrapolated over the complete
truck life.

p.Frediction ot tatique strength

The procedure ot tatigue strength prediction as described in
DIN 18018 and FEM/1-12-1970 comprises comparison between equiva-
lent stress (a sum ot equivalent amplitude and mean stress) and
allowable stress.lt 1g expedient when converting into equivalent
cyclic load with constant or changing to binomial distribution
law amplitude,to take into account also the % coetficient of the
1mpact of mean stress 1n accordance with the known equation of
equivalent amplitude Daic and the Smith-Goodman diagram :

b =B + $.b «35).

aic al mi

Instead ot amplitudes b.,,we use the equivalent cstrecs
amplitudes baic to solve the set (1).With DIN 15018 and FEM
standards these amplitudes are determined as follous @

6 - 4r,
b =5 9 =0,24¢0rb >Oandr < 0 (& );
alc a1 5 - bry ai i
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b =nh Lo = 0 for p 4V and r <« v (7 )1
aic al ml 1

b = p (18D (1-r y+40L6  Ir /180 (1-r ) for [ (8 )
aic ai B 1 -1 1 B i mi

p =0 {96 (1-r y+20LB I y/96 (1-r ) tor B 40 - (9 ).
aic a1 B i -1 1 B i mi

The asymetry ' i defined in compliance of DIN 15018 requi-
rements. After solving equation (1) in 23 reverse manner the ampli-
tude will be converted into mean ctresz bme tO predict fati-

que str ength.

Q.Aggl:cation

This method has +ound an application tor predxcting the cervi-
ce li1fe and +atigue strength of forklift trucks made in pulgaria.
1t is equally cuitable tor ctatic stress meaeurements and tinite-
element calculatinns.Data from previous field and 1aboratory per-—
formance tects carried out as per Halkancar +actory ctandard are
used 1in both cases.

DaigNi— amplitudes and trequencies (humber) o+ their

occurence for the i-th order of the partiul 1poad spectrum

My, M2~ exponents ot the woehlers’ curve

be— material {racture etrenath

(s allowable +atigue ztrength to table 17 of DIMN 15018

rt—asymmetry ot the y-th order ot the 1oad epectrum

Bms— Mmean ctress of the 1-th order ot the 1oad spectrum
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