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Abstract

The need of companies to shorten the design-to-manufacturing process for new products with

improved quality in cost effective manner places increasing demands on engineers to simulate the

performance characteristics of a design before it is built or a prototype is developed. For these

demands, CAE (Computer-Aided Engineering) offers engineers not only giving confidence of their

design but also eliminating potential errors due to testing prototypes in small numbers. This paper

presents the method to predict the fatigue life using dynamics simulation and FEA (Finite Element

Analysis) for construction equipment in the computer before building prototype, The dynamic

simulation is to get the load-time history corresponding to the maneuvering and driving of the

construction equipment, The FEA is to build a model of the structure and then analyse to define

the local stress responses to applied loadings using linear static analysis.

LM B
Fule] Fage] ofE sziu olie Ed
W st AE el leld S Faa
woluh, @Al A45n gle dzAdtieze 4

o s AR Eel el A Aloke] Bl W

o] Wi-FE et
FaE ulxg olFelv dR FAleAME 2w
= =2

AR mAel o o

N

7] \l'“E

Y8l AMFERIE), A A RE A ()
)9l Sabeetar ejehel ) Al A A g ek

S olE nb ol B 3
a2l efele] ol whE 2 AR Ak
Al A Apgebal glep, P g <

of olgh Algat obviel, gh4xl A Fell ot 7
2AEE 5o dll ol € ui] o] 2
(database) s}ab F AlAl3-& AUd woll s
Algelel 4ot gl gahe] Aapa ol H 2
of Aa Algxg xela glos = ARALE
RS ol AF el et o] @k AhEst
Aol EE Rfska oA =l ke
Aol Aoz MW7 el Al ol Al
Aol gl Alws Atsted sf=el Fv dAE
ok BAE drke Aol ofE ofeld Ao,

2+ wrelAdss T S 2 Aok AAE F

ARk A

ol o
|-



Faulel Td Aol fae s e ol g v e 1393
3l e Alels A Q 2 7] 3L S g 5 7 =
= 22 gedl kel £257) alol AsE] dRadde o] it FrEe sziws o
175 ) £ O = - =
Aol Vg ol&stel wlad 717k Wel e AHS MedFn olch PaIel A
TAvlel FaFadel WY WTFRE AUtk d4sly, 4 Fagel gek Byes, 2z
A el S £ dde WS A e ek o 4SIA, ldye) Ae|, pEHe] ge) gue) =
[ ’ 1T o i o =
elan Al Fagfel FaFel WA su 4 # W Aedel] wek Agxy Se At o 4u
old Adel7] sl s de DADSE, §  alg Addle] dd & s 4% A4 die ofw)
shedef & ANSYS® &, w2842 RIC-  gue wf P2E9 A&doldas 2ucs s
“ NOE:2 ) o 5 @ B
STRESS®% o] 4415 2ajdo] Meg ArE olv] 9jg HHule )y
Aoldstalel, olol ek dupw 2t el oA
2. siAubH gl At ol g E slold) slze) de] Wad Bl
whako] &lgol¥ load-time history) & ¢1g 4 o)
2o e s dululo Fig. 13} ztovi 7d AL A o},
o 41 4-¥] Prototype #l=H5k#| b 5 o 4l 2} w3 R sl 4 ol fslod A YL ¥
[ Concept Design I

I

#

ﬁ

Dynamic Analysis

Finite Element Analysis

Input

* Mass, Moment of
Inertia, CG for
Each Structure

* Connection Part

Design

Change

* Driving Force
I * Test Condition i

) f

* Dynamic Analysis

f

Output

* Load-Time History

Input

* FE Modelling of
Each Siructure
* Force Condition
for Load—-Time

History

* FE Linear btatlc
Analysis

o

Output

* Stress Distribution

#

1 Make Stress

History I

f

, Fatigue Analysis I

No Fatigue

0.K.?

Life

‘ Yes

( Make Prototype I

Fig. 1 Flow chart for analysis



1394

FLE
Lanopy Mo, fork
. height
LN 3]
i e ,,‘{\ C(4000mm>
// N . j ! MNveroll neight
/ | by i ai
/’J \\ v i 1 Roiseol
Overnead guard {/ @l 4:5/{ N "N\\ €4600mm)>
height ’/‘f H N \ ‘\\\, \“‘ \J ) Mast Overall
NS .

(225 7mm) ) /L,‘ Vo \\'Q\\ \ ’ﬂj ! height

' / PN -7 X o P77 N

| A NN A ﬁv: | (27 24mm)

Counter \ \ \/%
Weight Sl ‘

h T N

i\[ /// T \\\‘\

R

SR l

il 3 .

Iy

LFF@& Lft
standard

Steer tires

Rearaxie

Wineetnose

(1AS0mm) |
e——— | ength C fork foce ——
3110mm
Fig. 2 Main spec. and shape of fork lift
—-——— e LT s S S
! o - __ —f
I I I I I i \
I i I I 1 I I I 110
I I 1]
} = =
i == Free Ltft Bar
1193.0
i
i
\
R

Fig. 3 FLB(Free Lift Bar)



Fule] 3 Al gelol Mt F3

GE T Y AAAAL i o), olw dEz
A SAsl g Aztel s1Felde] wgelA 1 el
Aol e wgow gelo) 3 Foh o o
ool dhgFol el A4y SEa dFelilg o
folo] FRRANAYL @ Faie 74 A
inode) ol {2 o] (stress-time history) & 7
gkt

AT Z2E *3, %L 1} ﬁlfr_—?—“g A% (SN curve?%
of

HAl Aol WG dzaug 4

il ol Al =3, 2R
Kile M?ﬂ Sto] 27 ubE S Wiy
2 .
HAHFS FA] FolA 2%k wlAE (mast) 2
7FAl= 4.5% A =(fork lift) & A=A sleich =

Aapis 0% S A g FAgen 6
o, F2 A4S Habe Fig 290 eh A dn

FLBfree
=)o) (frame),

wt~e, Fafork), s )= (carriage),
lift bar) & 4%l
7h2-El 9l o] £ (counter weight) 9}

zhe) A 4,
i 53] (canopy),

e FodzE ap|n Ed]sold

{transaxle),
2] o] ol &= (rearaxle) 1} e FEAEE e £

o] Zof| 4] 2k

T R
A A] Al gk Military Speaf]catlon Sheet (MIL-T-
02932B)efl wheb A Adsieleh, A
150041 72| % Clack4bo] 47 % 2 shelg 4
g A Alg AR o B, ]q,’.&ﬁ.” (test track) %

A& 4] 7

Fabd = odl, A vlal g Fae uq-_ 4

& FaL 3.5% ek Tt e nhalin ‘r‘%]
g ole TS TR ek 3.5 Bl ~r6§ ghet,
of 7haAlE Fabod shube]l sl Alo]lF(cycle) 2

a9l = HH A A 7 3k4] 7k (total lapsed time)
A1 3 Al 7kl 150041 7H-& Apo] Z =

ghabshed O-% 12, 900014. Fig. 49} z+2 MIL-T-

4 2]
o

’7 H O] U#

52032Be] Ad e FAE wel zAL R
3} pop ®

2] of) A H Sk R I
vl g, ¥ = (bump),

2ol o} shFol® Ak
s ramp), 4 A g
(stop-start) G ul7}x| & 38l DADS V6.5

o) Gate] A Fefol datelon) @ ANz a4

e L o e e - Rl [ B NS
& o] gato] Al olw] stEe A A el
4.5¥0]n], v 1.2x1.2Xx1.2m° o)t} 3EL

vt E 9] Fololl Fig 29F o 9% sl vlar el
74 AR (tilt) ZHx 4= (0°0] o,
Algelotd-g Slsted Al®ldl +z2E w i

FLB, 9=
%, 7]ofdts(gear

sk, #2, WZelAE (Inner mast),
ol A~ E (outer mast), FEejsols
box), zal9l, ol (engine), x5, F+-$E9) 0]
B glojallds Lo]uoi, ojulol) A e}

WekshAA oA 3
U 0 o elelsl FAAdld S e

2 opl %ol At QA

g =S Aolev) &
1 st
2 A zbe] Z3FA] 228l (steering system) - A& =)
92tz =zl & 7pA] 4 ) (suspension system) o] o}\v\—_
thal el 2 link) el 2 FAlse] 9ol o Zak

Al zEle) Algellol G galo] olol odAg FrE
(body) & o] ¢|ol] Steer ramx} #-9-= Stubs 4}
sheleh, Algeol gl A "%liPEl +EHL Ea
(torque; 24 o elolofo] Folowmf x| Elojoiiz
Z5hg Al slivh o] wl rle]oi= Intermediate
type®S Alg-stgich Aol 9 dxlol4] T

of ag Eaiz 4 (D3} o] et

]
78

Torque=Weight of fork lift and load
x Rolling resistance x Tire radius
(1
zefvp 10 km/hre] 54558 ayelg 3§79
Ay Aol uwbeba] Eorol shol wiahA] s Lﬂ
o] WHateke <]t e (trial & error) & F8l
Fig. 7(ay+= 10km/hre] S&£x g 3483 wH
FLBo Zuégulel 424sh oz 4gat g
ol #olrf,
(2) W
1 km/hrg 4 % =10

Mg Eotg el Sl

2 — -



1396 ] kAl
e 33-1r2" 10 — 33-1/2 -
Se i ) s’
= ® ©® @ | e
i1 ] - | = Low-Lift
F Stopping point Areo
ope ! when uncer load z
- t’r\ ’ yanayd
,_L 1 i ) A S
+ CL!: @% Yy /
M E g (H AN 64’
sehl ¢ \ N\
] .
[ - h
e > D W
L':J 50 | = @ !
i 1 L
1 a ! l !
£l ‘
1847 & :: “ ~ [] J-Positian 2
AR TV (\‘—J/ ) Me dium—tif ©
g ( | lArea
— 1l Y
1" \
17 i
I
i 7
1 pay
] | S </ Y
| AN
il /;\N </’ NN 45
53 y (< <
D 2 BY)
tl S
l ”'k’ B - > r :D]~F Position 1
| . i SN High-lif £
| il ! : <© (\M/\ @/ | Areq 25°
‘ o g L ctort i X
ol L Stepwostart |
1 e S O — s (N
""Ff:""jo‘ """"" B T; '1;?;?% watl
4| 77 -7
| (Bulk storage> I
i T z
Fig. 4 Test track based on military specification sheet
ofeh % a4l AAAE delshs Ak e A b ge Azkel AAeAY 29 sw
om S Akeoldsteleh, Mol A4 4 of Aol HEaA Feh ofw wule
Agh & 43= Fig. 524 #tch. Fig. 7(bi+ FLBell Z Az 2.4 Fig. 42 “M” eedof sfcislc)
Wabe 2 Agahin sl ol vl ol 4o & 4 Fello] 4 nhiol ofsto] Pz
(3) WL shzoled st A b lo] ofsto] o=
FlAel £ 10km/hroly] F3lbed AXFE Fo]ed @ )@ 27 (MIL-T-52932B) o] 2l dted o1 7
ehal Fubdbeh, A= S Aol g o Ale Y sl A dshato] ol gk slEolwl e Table

wleb zlo] Bz % 4&6-»14

o] w| FLBoj Z#}3)
(4) AA-=
A AslEel 4,588 £x 10km/hrz

1

F ig. 13}

accelerate up--

vHER Y

%ol st

LH LJL], L[H n""v‘ol

F 4 ohet

2= o}
T AA

Q

FA¢ 2

i

=3
Palletel] &

of 7] 4]

., Load
I
Load decelerate down& 242

Agshek g ol gl



FAa)el B Gl A &

,
Ll

o
i

4tj_ 4
/// \

Height of ochstacie block

2° for 2000 and 4000 pound trucks
3" for 6000 pound trucks

4" for obove 6000 pound tiucks

Layout of obstacte course

- Direction of travet

r
23"
1
L3
T 10—}
d |
“—— Centerline of course and A
Fork truck T‘
i o
A = Diztonce between centertines of

e

driving wheels

* Size 2000 pounds, preumatic rubker tired trucks shall re-

quire cnly one test block on eoch side of the centertine.

Fig. 5 Bump

£ .

1 |
L 40° | 20 # a0°
o

Specificotions
Ramp to be & inche paddconcrete of eqguvalent) fine
Floot finish on compacted Fitl curlning to pe renforce

Fig. 6 Ramp

a8 s A g F el o3
THAFT "4 SHolHE Aakslr] 7 Aol
oh, Bl A Afel o2 9] iyl uldke] ulu} olelg]
stFEo g Folxi=d, o ool 3o wal
Ta2E] FHE T Al sFely s S
old@ oz WEye o A3l

- 1397

m

580000 ...

Fz(N)

540000 ... ..

52000

50000 L i i i j i i i

TIME (sec)

{a) Load-time history acting on FLB at cornering

75000,

70000}

65000 _

60000

55000

Fz(N)

50000

45000

40000

35000 | i i i i I i
0 2 4 6 8 10 12 14 16
TIME (sec)

{hi Load-time history acting on FLB at bump

100

Fz(N)

o] 5 10 15 20 25 30 35 40 45 S50 55 60

TIME (sec)

1Load-time history acting on FLB at ramp
including stop-start

Load-time history acting on FLB for each test
case

[e)
s)¥) g el load case) 24 44 HYUHNL o4

ol 4 v,

5} o3



1398

A5 -

ukal z|

Table 1 Load-time history based on military specification sheet

1st driving

2nd driving
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corner
corner

@ 2nd stacking
- Load accelerate up
- Load accelerate up

@ 3rd stacking

- Load pick up

- Load accelerate up

- Load accelerate up

- Load decelerate down
- Load decelerate down

- Start
-L.H.
- L. H.
-R.H.

-L.H.
- Ramp

corner
bump
bump

corner

- L.H. corner
- Stop

- Start
-L.H. corner
- Stop

@ st stacking
- Load accelerate up
- Load accelerate up
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- Load pick up

- Load accelerate up

- Load accelerate up

- Load decelerate down
- Load decelerate down

- Start
- L. H. corner
- R.H. corner
- L. H. corner
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- Load accelerate up
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