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Transformation of a Dynamic Load into an Equivalent Static Load and
Shape Optimization of the Road Arm in Self- Propelled Howitzer

Woo-Seok Choi, Shin-Chun Kang, Min-Jae Shin and Gyung-Jin Park

Key Words : Dynamic Load (% 3}5), Static Load(#3}3), Conversion (¥ ), Maximum Di-

splacement (2|t} #]), Natural Frequency (:-%3% %), Duration Time (&84} 7})
Abstract

Generally, dynamic loads are applied to real structures. Since the analysis with the dynamic
load is extremely difficult, static loads are utilized by proper conversions of the dynamic loads.
The dynamic loads are usually converted to static loads by safety factors or experiences.
However, it may increase weight and decrease reliability. In this study, a method is proposed for
the conversion process. An equivalent static load is calculated to generate a same maximum
displacement. The method is verified through numerical tests on a spring-mass systems of one
and multi degrees-of-freedom. It has been found that the duration time of the loads and the
natural frequencies of the structures are critical in the conversion process. A road arm in a self
-propelled howitzer is selected for the application of the proposed method. The shape of the road
arm is optimized under the converted static loads.
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Table 1 Modal analysis results of cantilever beam

Mode Eigenvalue (w?) Natural frequency (f) Natural period (T)
1 0.174x10° 2.099 0.476
2 0.169x10° 20.678 0.048
3 0.201x10° 71.290 0.014
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i -+ E
] a 3 -
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Table 2 The results of dynamic and static analysis

Dynamic load

Constant dynamic load | Equivalent static load

Magnitude of load
(Newton)

60586.3

25491 .4 50059.3

Maximum displacement 0.3814x1072

(m)

0.3814x107? 0.3814x1072
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cheoh 2 —3.015X107° Fy+8.078 X 10™° Fx=—0.446
N N st Fx=—5515.26(kgf)
Vistatic= 2, 2 QQOL’%Zyimax,dyn _
A=1j=1 Wn Fy__

23419.88 (kgf)

Table 3 Modal analysis of the road arm

Natural Modal matrix component
Mode frequency at node A
(Hz) ux uy
1 176.62 —9.7478 —0.1359¢—-3
2 386.61 —0.1146e—2 21.8908
3 912.21 —0.2594e—1 9.0717
4 1249.2 —10.2939 —0.2628e—1
5 1987.2 15.7971 —0.1028
6 2331.5 —0.3630 —8.3754
7 4169.0 —0.5708 9.8236
8 4189.5 —14.4464 —0.1499
9 7328.2 —0.4739 —4.6628
10 8311.8 —2.0188 —4.3084
Table 4 The comparison of the results in case 1
Displacement in direction Displacement in direction
Ux (mm) Uy (mm)
llzralzlysis under dynamic 04456 1.9720
Analysis under equivalent _
static load —0.4541 2.0057

Table 5

The comparison of the results in case 2

Displacement in direction

Displacement in direction

Ux {mm) Uy (mm)
Analysis under d i
nalysis under dynamic —0.5144 2.1040
load
Analysis und ivalent
nalysis uncer equivalen —0.5263 2.1440

static load
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Fig. 14 The general dynamic load applied to the road
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Table 6 The maximum value of dynamic load and equivalent static load

Max. magnitude of dynamic Magnitude of equivalent static
load (kgf) load (kgf)
Vertical Horizontal Vertical Horizontal
Case 1 24729.1 —7022.14 23419.9 —5515.26
Case 2 24849.0 —6142.14 25034.5 —6391.13
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5.1 X 4|5} (Formulation)

find R1, R2, T1, T2, T3, T4
min. Weight of road arm

s. t. O'z‘SO'au(l.:L o0
Stress constraints
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Table 7 Design variables

o A 3777
FE35 90 kgf/m?
ol #7t= @ 110 kgf/mm?)

Aeze Ao WA Aoz of4bri= 2

E AR R T
M S A uct fe

4ol 4 P Fohg )
o

1 Zrsclel whAlshe: Aojgale 27 stol 4 8
5 2z

—Design Var. Description Init. value
R1 The radius of the part connnected to the HSU 100
R2 The radius of the part connected to the road wheel 100
T1 The thickness of the part connnected to the HSU 17
T2 The thickness of the part connnected to the road wheel 61
T3 The width of the part connnected to the HSU 180
T4 The width of the part connnected to the road wheel 155

Table 8 First optimization
Design Var. Lower Upper Initial Final
R1 95 110 100 102.90
R2 90 105 100 90.703
T1 10 20 17 14.686
T2 50 65 61 51.441
T3 160 2R1-1 180 186.92
T4 140 2R2-1 155 168.90
Volume 6834130.4 6319600
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Table 9 Second optimization

a1
b AslE Fx=-5515.26 (kgf),

el 0.5u0el 22 580 o, 5 oh 4
SECAEEBRUE
HoJuAe b

o

g
gol 4% zeh 3

Design Var. Lower Upper Initial Final
R1 100 110 102.90 100.12
R2 85 100 90.703 85.043
T1 10 20 14.686 15.387
T2 45 60 51.441 45.059
T3 160 2R1-1 186.92 164.54
T4 140 2R2-1 168.90 140.56
Volume 6319600 5378900
Table 10 Third optimization
Design Var. Lower Upper Initial Final
R1 95 105 100.12 95.301
R2 80 90 85.043 80.317
T1 10 20 15.387 16.377
T2 40 50 45.059 40.314
T3 160 2R1-1 164.54 160.25
T4 130 2R2-1 140.56 130.79
Volume 5378900 4958800
Table 11 Fourth optimization
Design Var. Lower Upper Initial Final
R1 90 100 95.301 95.301
R2 75 85 80.317 80.317
T1 10 é() 16.377 16.377
T2 35 45 40.314 40.314
T3 155 2R1-1 160.25 160.25
T4 125 2R2-1 130.79 130.79
Volume | A N 4958800 4958800
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Fy=23419.88 (kgf) ahol <) o] & 4} 2] = 4 7 HgdE o4 F ek Aoz 27 44%9 F
271l zrgtel mokd el slefule gy 24T sbdgi
T AAske) Ae A3 slebe] e gbEL Table 8, (2) Case 2! 4e} AstE Fx=—6391.13(kgf),
Table 9, Table 10, Table 115} 7t} wizty = z Fy=25034.47 (kgf) sholl 41 o] & Abz] = 4 #)
A FEA ok daelie 4 oy A #7161 2rctel mekg el glepelE s
FEel HA Azt wslel GAPS ALY Ao 2 HAste e A Ztetel e 452 Table
FERIEA o] el 3, miwiel A b Aol 4] 14 3} 12, Table 13, Table 14 &} # <}, A 73 = o 2
o ARE AAHSE 2egs o) P4 we 21.36%0) Farach bl
LTE L Z1sheE Az o] oyl W ol A :1.2%*% HAHAAAL o 7374]&7&% 719
T HAE 210 Aol e Zog zel  HagAsh oAr: Bie 4w FEF 7EY
W FEH A0S o7 Bal ojazaw 05 qlslol o bl 2e-geo] WA
o SAuEel & W AU AHge 2vigow  aeluz A3} Agslz Fob F71gt Haabx
Yok g T Adiptor sale £ g ol eldsli doie g7k AmH o Zrbeta
stebAd o ol 4 E 4G4t FolxAl Qg Wtz zeyst of AEle] Al FY AfE AgHer
44 o) Alﬂﬁm = Fdsleh 3 HHste  zadelo o) 9B e xpfrlel] ol 7+l
ATUE 27102 Sol 4 AHsE Fa9 Y@ wgo Yoo we L) R
Ak 2710l b HAGAS o 4 Adsich o me AdHoez 4 ek ks RaAe) A 4aE a7
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Table 13 First optimization

Design Var. T r 7 I Initial Final

N *_Ig '—ﬁ»“‘h——k:“@ %_ﬂ 100 104.42
hi»m_hRQ““*T T 100 91.181
Tl 4 T Y, 17.613

B T2 s Ha"““‘*‘ﬁ 59.122

h Té&ﬁ_ﬁ‘iw*~¥—* 60 | ‘_J ig(r‘ﬁ_*}"‘—“ISIAS o
. T4 | s } 142.08
Volume | 6834130.4 | 6499300
Table 13 Second optimization

Design Var. Lo; Upper L Initial Final

R1 ) 100 “ 110 N 104?5% 100.07

R2 85 100 91.181 85.034

TI 10 20 T 16.188

T2 50 65 59.122 50.244

T3 160 2R1-1 181.45 161.38

T4 130 2R2-1 142 08 130.53
Volume ! o 6499300 5471000
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Table 14 Third optimization
Design Var. Lower Upper Initial Final
R1 95 105 100.07 96.822
R2 80 90 85.034 81.794
T1 10 20 16.188 18.770
T2 45 55 50.244 46.469
T3 155 2R1-1 161.38 166.00
T4 125 2R2-1 130.53 125.69
Volume 5471000 5374100
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