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A Study on the Weight-saving Design of the Boom in High Ladder Vehicle

Kim Jin-Soo*

j| Abstract }

Key Words

The purpose of this study is to reduced the weight of ladder boom and to improve the manufactor process by the
section modification. The Conventional model consists of integral section stiffener, while the proposed model consists
of truss type stiffener to reduce the weight of ladder boom and wind effector. In the two analysis models, one is
based on the single boom, and the other is based in the coupling model of two booms. We present the analysis results
for the case when applying the weight, bending and twisting moment and wind pressure. Finally, a comparison between

these results is presented to show the performance of our method.
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(a) Conventional model

(b) Weight-saving model

Fig. 1 Boom of high ladder vehicle
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Fig. 2 Geometries of 9th boom
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Fig. 3 Geometfries of 8th boom



i
™
4>

3.1 Reted HASL

2 =89A o] &4 f3tasdy 71HL 3449 43D
Solid Element)& ©o|-&3}H, &4 EA(Material property)
LRy AR st sAdich o] Ao EAL

DAY RFRE SHS T 2ol A O,

@ ou/ox
Cyy av/oy
S e ow/oz
e €y - | ov/az+ow/ay ¢y
€, ow/ oz + ou/oz
c 3u/6y+6v/c‘)x
Wl 0 o
0, 0
-~ 1|0 0ef
=5l oTor| @ty ¥ )
0 v, ¥, Y
¥ 0 4y
T,
v, ¥, 0
1/1T= {a_ua_vé'ﬂ}
* oxr oz dx |’
wT: [ﬂ@@]
4 oy oy oy |’
v [ou o ow
v = [E oz Bz}’
de= Latap= Ladgs Lia
¢= SdAd)= Fddp+ L Ad) 3)

Fakga N3 B olES a9 oz W9 $E vt
W = Ga, de= AGigH BT} o), 1 EHY B 1}
&3 o] 2YH
AG

aN, N,

or o
A alN, oN,

y oy
8N, oN,

0z 0z

)

Ee Arel 240 B FE D= B v BYH 9
FEG Zoppul2 ohE} o] vhebwct

M-y
A+v)a—2w)

10

N R 0 0
re=ry S e 0 0
(1;:/) (1; V) (1) o 0 z ©
2(1—v)
0 0 0 —él(l_%';—))‘ 0
0 0 0 %

b $3 oo WHE o] BANG Tt o] 1t

ehd % 9tk

o=

whA Qoe] 3 Ao Bt AAHEL fekasa)
41 A Al(Finite Element Formulation)& &3} o

A .

ke = f BTDBdUe

v

ka

=

71—0]

®

o}7|1o A, & 242 e (Applied or Reaction Force
vector), k= Q.4 7}A 3 E(Element stiffness matrix) o],
o= AR w74 WE(Nodal displacement variables

vector)2 uepdch

3.2 29 siM

# 7289 AL 14T 55 AR0lETIAI 6061)
oln) B4 Table 12 2ot A4 A AHAA o
ol gl RS Y2 G2 R § 2AS A
B2 sl Fig 42 o] R8R4 RUE Py

Table 1 Material properties of boom

. Modulus of S,
Density Elastici Poisson’s
Material P E ty Ratio
3
e ey |7
Aluminum 6061 | 2.74E-06 | 7.1705E+06 | 033
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Fig. 4 Finite element model and boundary condition of
9th boom
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Fig. 5 Deflection distribution of boom with boom weight
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Fig. 6 Stress distribution of ladder with boom weight
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Table 2 Analysis results of coupling boom

Stress[N/mm” i
Type Model : [N/ . ]A Deflection
Maximum Minimum [mm]
. CON 8.371 0.116E-02 3.946
Weight
WS 10.028 0.701E-03 4.031

Bending CON 131.483 0.427E-02 19.822
morent WS 112.682 0.255E-02 19.033
Twisting | CON 73.330 0.722E-02 39.220
moment wS 90.121 0.01293 31.479

Wind CON 10.592 0.495E-03 2.144
pressure wS 3.841 0.113E-03 0.466

(a) CON model

coupling 8th and 9th boom

(b) WS model
Fig. 7 Finite element Model and boundary condition of
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Fig. 8 Deflection distribution of coupling boom with

boom weight
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Table 3 Analysis results of coupling boom

Stress[N/mm’ i
Type Model : [N : ] Deflection
Maximum | Minimum [mm]
) CON 37.350 0.147E-02 31.577
Weight
WS 46.527 0.641E-03 32.184
Bending CON 3,888 0.1002 1,334
moment WS 3,001 0.110E-03 1.271
Twisting CON 370.053 0.625E-02 126.684
moment WS 327.026 0.173E-03 109.419
Wind CON 29.372 0.147E-02 7.272
pressure WS 12.225 0.314E-05 2.293
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(a) CON model
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Fig. 9 Stress distribution of coupling boom with boom
weight
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Table 4 Analysis results for number of stiffener

Model Stress[N/mmz] J Deflection
Maximum | Minimum {mm]
15 7.667 3.988 3.988
Weight | 17 7578 4.022 4.022
19 7.685 3.914 3914
. 15 26166 | 16128 | 16.128
Bending ™ 7 25555 | 16020 | 16.020
moment
19 | 23570 | 15374 | 15374
15 92935 | 19.683 | 19.683
Twist
wistng [ 11496 | 20256 | 20256
moment
19 84427 | 19362 | 19.362
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