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Military equipment such as large radar system is difficult to transport because protecting each of inner components is
mandatory. Therefore, a large radar system is basically transported by military vehicle and consider safety about
transportation vibration during design procedure. However, in this paper, a large radar system which includes a large radar
and cooling unit is transported by a commercial truck, not military, using different mounting methods so that analyzing
acceleration is necessary in terms of verifying safety about transportation vibration. In addition, PSD data which is
measured during a variety of transport environment explains that air suspension can absorb vibration efficiently and input
vibration is small compared to the MIL-STD-810H, as such most amount of vibration from road can be damped and small
energy would be transferred to upper equipment through load path, chassis to equipment. Furthermore, specific mounting
method fasten a large radar system effectively. As a result, using a commercial truck with mounting methods during
transportation large radar system is totally safe from transportation vibration.
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NOMENCLATURE 1) = Angular Frequency
F, = Clamping Force by Mass Oest = Estimated Stress
F, — Preload o, = Analyzed Stress
k = Stiffness of a Large Radar Systems Gper = Percentage Factor of Grms
c = Damping Ratio of a Commercial Truck Grms,resy = Grms of Test Results
m = Mass of a Large Radar Systems Grms,rer = Grms of Reference
a = Acceleration Ope = Model Error Factor
x = Displacement of a Large Radar SF = Safety Factor
y = Displacement of Base MS = Margin of Safety
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Table 1 Specification of mounting equipment

Large radar Cooling unit
Width (m) 29 2.8
Weight (kg) <15,000 <7,000

Table 2 Specification of a commercial truck

Commercial truck

Weight (kg) 11,750
Total weight (kg) 40,000
Length (mm) 12,950
Width (mm) 2,495
Height (mm) 3,630

Axial load rate (kg) Front 8,000 Rear 11,500

Cooling Unit

Large radar

=  Pedestal

Platform

Fig. 1 Construction of a large radar system during transportation
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Mounting method G2
(Twist=lock & Cornercasting)

Mounting method (1)
{Balt)

Fig. 2 Mounting methods of a large radar system

Table 3 Specification of mounting methods

Large radar Cooling unit
Mounting Twist—lock. & Bolt
method Cornercasting
Quantity 4EA 28 EA
Allowance 34,000 kg/4EA 9,253kg/EA

] === Cornercasting

sinini

peseeea Twist-lock

Fig. 3 Mechanism of Mounting method ?

Tolerance
| oL

I
Mounting method (D

Mounting method (2

Fig. 4 Schematic of mounting methods
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[ SS400 C Channel 125
B 55400 C Channel 200
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[ 55400 Plate
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(Large Radar)
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(Cooling Unit)

Fig. 5 FE modeling of a large radar system including flatbed on
commercial truck
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Table 4 Properties of materials for flatbed on commercial truck

Table 6 Results of random vibration analysis

SS400 HSB690 Longitudinal Transverse = Vertical

Young’s modulus 205 GPa 205 GPa Deformation (mm) 1.82 2.07 1.82
Poisson’s ratio 0.3 0.3 Stress (MPa) 269 358 557
Density 7,800 kg/m® 7,840 kg/m® HSB690 Safety 2.56 1.93 1.23
Tensile strength, yield 275 MPa 690 MPa Stress (MPa) 139 235MPa 215
Tensile strength, ultimate 550 MPa 800 MPa 55400 Safety 1.98 1.17 1.28

Applying area Main frame Twist-lock cover

Table 5 Modal analysis of a large radar system with flatbed

Natural frequency Mode shape
1 18.8 Global
ond 25.9 Global
31 32.1 Global
4t 352 Local

1 Mode {18.8 Hz) Ind Mide (25,9 He)
S Mode (321 Hep Hth Minde (35,1 Hz)

Fig. 6 Mode shapes of a large radar system by modal analysis
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Fig. 7 Maximum stress by random vibration analysis
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Fig. 8 Maximum stress by random vibration analysis
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Table 7 Transport scenario for driving test

Environment of transportation

Route Highway, National highway, Road
Distance About 150 km
Velocity 0-90 km/h

Table 8 Results of transportation vibration during driving test

Platform @D
Grms (30-50 km/h) Grms (80-90 km/h)
Longitudinal (X) 0.014 0.025
Transverse (Y) 0.015 0.042
Vertical (Z) 0.043 0.086

Maximum value

Grms (Measurement) Grms (MIL-STD)

Longitudinal (X)  0.083 (Cooling Unit ) 2.24
Transverse (Y) 0.114 (Housing @) 1.45
Vertical (Z) 0.130 (Housing D) 1.32
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Fig. 9 Comparison input vibration of chassis and MIL-STD
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Fig. 10 Schematic of dynamics during transportation
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Fig. 11 Comparison vibration response of mounting methods
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Table 9 Safety analysis from test results

Longitudinal ~ Transverse  Vertical
Gper 0.063 0.079 0.058
8o 1.040 1.201 1.124
Saftey factor 1.5
o,,, (MPa) 25.4 424 48.5
HSB690
M.S 26.1 13.5 12.7
o,,, Mpa 13.1 27.8 18.7
SS400 st (Mpa)
M.S 20.1 8.22 13.1
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