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Abstract: The performance of a system can be affected by the variance of noise factors, which arise owing to uncertainties of
the material properties and environmental factors acting on the system. For robust design optimization of the system performance,
it is necessary to minimize the effect of the variance of the noise factors that are impossible to control. However, present robust
design techniques consider the variation of design factors, and not the noise factors, as being important. Furthermore, it is
necessary to assume a normal distribution; however, a normal distribution is often not suitable to estimate the variations. In this
study, a robust design technique is proposed to consider the variation of noise factors that are estimated as non-normal
distributions in a real experiment. As an example of an engineering problem, a deep-sea manganese nodule miner tracked vehicle
is used to demonstrate the feasibility of the proposed method.
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Table 1 Transformation functions between X-and U-
space of non-normal distributions

Parameters Transformation
X = eﬁ+EU
Log- & =In[1+(c/u)] g
0g | ~ ( /1_)2 DU = 1 J‘e—t 24
norma 7 =In(x) - 0.55 oz Y
T _ 1k
p=vi(1+1/) A =viE@CO]
Weibull | o =v*[[(1+2/k) q)(U):L Ie”z/zdt
“TA(1+1/0)] V27
X =a+(b-a)®U)
Unifor u=(@a+b)/2

1 I 272
OU)=—— dt
m o7 = (b-a)/12 @ ,/2;;;[08

Table 2 Seclected design variables and noise factors by
screening technique

No. Design variable Noise factor

1 Weight of track Track velocity

2 Position ratio of CG(X) Oceanic current

Aspect ratio of track Ground slop angle

Shear stress of deep-sea

4 Weight of buoyancy bed

Table 3 Parameters for estimated distributions of operating
factor and environmental factors in KODOS

Factor Distribution Parameter
. ) k=0.8434
Oceanic current Weibull
A =3.8293
Ground slop #=0.7612
Log-normal
angle o =0.8337
Shear stress of ) k =2.4859
Weibull
deep-sea bed A =6.2455
Track velocity Uniform a=025b=05
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Table 4 Robust optimal design results of test miner
tracked vehicle on collecting operation

Present design Optimum design
b [0,1,0.5,1] [0.08,1,0.24,0.91]
F(b,P) 6.887 6.394
=-0.1 =0.0271 | u=-0.241, 0 =0.012
Pitch U 77, 0 =0.0271 | u=-0 , O 0
) 4#=0.021 4 =0.020
Sinkage
oc=76E-5 c=072E-5
=0.0042 =0. =8.4E-
Slip H 1£=0.0031, c =8.4F
oc=62E-5
Torque 1=0411, o =006 1 =0.402, 0 =0.0571

% 00198 002 00202 00204 0026 0028 0021 00212 00214
Sinkage (m)

xiot

o™ o4 oA
Toraue (Nim)

Fig. 1 Comparison of the PDF at present design and
optimum design using mean and variance
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