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Abstract

The paper describes the improvement on concurrent subspace optimization(CSSO) via automatic
differentiation. CSSO is an efficient strategy to coupled multidisciplinary design optimization(MDO),
wherein the original design problem is non-hierarchically decomposed into a set of smaller, more
tractable subspaces. Key elements in CSSO are consisted of global sensitivity equation, subspace
optimization, optimum sensitivity analysis, and coordination optimization problem that require frequent
use of Ist order derivatives to obtain design sensitivity information. The current version of CSSO
adopts automatic differentiation scheme to provide a robust sensitivity solution. Automatic differentiation
has numerical effectiveness over finite difference schemes that require the perturbed finite step size in
design variable. ADIFOR(Automatic Differentiation In FORtran) is employed to evaluate sensitivities in
the present work. The use of exact function derivatives facilitates to enhance the numerical accuracy
during the iterative design process. The paper discusses how much the automatic differentiation based
approach contributes design performance, compared with traditional all-in-one(non-decomposed) and finite
difference based approaches.
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Table 1 Design variables and their bounds

Part name Bounds

= p=face width of the gear teeth 2.6<x<4.4
x9 = m=teeth module 0.6<x,<0.8
x3=Z=number of pinion teeth 17. <x,<28.
x4 = {,=shaft length 1 6.6<x,<8.3
x5 = loy=shaft length 2 7.35x5<8.3
Xy = dy =shaft diameter 1 2.9<x;<3.9
x7= dy=shaft diameter 2 5.0=x;<5.5

Table 2 Initial designs for speed reducer problem

initial designs
X(1) | X(2) | X(3) | X(@) | X(5) | X(6) | X(D)
1 28 | 07 25 79 | 76 | 3.0 | 50
I 43 | 06 17 69 | 7.7 | 33 | 55
I 3.0 | 08 20 70 | 73 | 29 | 53
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Table 4 Behavior of coefficients and constraints

Table 3 Optimization results for Case-I

Final
Initial CSSO
all-in-one

FDM ADIFOR
OBJ |3798.57 | 3609.62 3106.57 | 3053.86
X(1) 2.8 2.6 2.7976 2.7042
X(2) 0.7 0.6 0.60 0.601
X(3) 25. 28. 24.996 24.997
X(4) 7.9 7.5336 7.8993 7.8982
X(5) 7.6 7.9421 73 7.5497
X(6) 3.0 2.9 3.0637 3.0076
X(N 5.0 5.0 5.0834 5.0041

Cycle Active Coefficients(ADFOR-CSSO)

C(1) C(2) | RI1 | R12 | T11 | TI2
0 <237 | -2.14 | 0474 | 0526} - -
1 0.14 0.14 - - -1.0 1 1.0
2 -0.17 | -0.15 | 0.500 [ 0.500 | - -
3 -0.05 | -0.03 - - -1.0 | 1.0
4 -0.001 | -0.001 - - -1.0 | 1.0

o4 Effectiveness Coefficients
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02L_upper bound

01

[ R ro T

oy meenvae "‘\ //'

22 N ) ’
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93
04

1

2 3 5 8 7

4
Design Variables

Fig. 9 Effectiveness space for initial designs
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Table 5 Optimization results for Case-II

Final
Initial CSSO
all-in-one

FDM ADIFOR
OBJ 12915.23 | 2753.89 2456.39 2384.26
X(1) 43 434 2.6 2.5
X(2) 0.6 0.6 0.6 0.6
X(3) 17.0 18.0 17.0 16.6
X(4) 6.9 6.6 6.6 6.9
X(5) 7.7 8.3 7.48 7.3
X(6) 33 3.1 2.9 3.6
X(7 5.5 5.0 5.0 5.0

Table 6 Optimization results for Case-III

Final
Initial ) CSSO
all-in-one
FDM ADIFOR
OBJ |3733.49| 3551.22 2663.41 2482.42
X 3.0 3.0 2.6 2.6
X(2) 0.8 0.8 0.7 0.6
X(3) 20.0 20.0 18.0 17.0
X(4) 7.0 6.9 6.7 6.6
X(5) 7.3 7.3 7.4 8.3
X(6) 2.9 2.9 2.9 3.0
X(7) 5.3 5.12 5.0 5.0
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