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Abstract In order to ensure that the uncertain operational requirements can be logically and reasonably

mapped onto quantitative indexes of technical requirement in naval battleship design, we proposed a re-

quirement analysis method based on the Quality Function Development (QFD) and operational simulation

techniques. This approach can help naval analysts to work out the main operational performance indexes

in sequence that satisfactorily reflect operational requirements of naval battleship to be designed for future

marine battles.
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1 ol��a�kMiwKY�4��d#[�M[<�,:. kM��a�[|[&�U�&(Uo/��?�8_v:5[�R, 6)r)&��a�kM[D:S, r{��a�[_v:5%��, 3h�[o/_	\�_), 6ti��a�_)�8[℄r:5. ���$u�[A{ZhN&3h[)Co/`%, {ruUo/_	\�kPZ8[&�o/�R, _Z��a�_)�88%w'�$[D:, ��$\℄rÆB&: uF_v:5so/_	\�_)[up\, _v:5No/_	\�D�[�F\, )C_v:5Vrn[&3h\.mAE4o/)4�3jwso/)n℄: John E4G� [1] )?XmAw���[_)3h�tt��, ?��a�[o/_	\�_)���g/[o/_)riÆo/�Rr)3h. mA�m�jJ,f�[k'Pk [2] ttXmAE4swUu	�.gX �——SSG�[[��Kx,o,&I SSGo/_)Xo/_	\�_)[_)�8D:S, &�:n[�	Xo/�7��. mA$RjJ,f�I>I�<�Kx\mj (ASDL) [3] 9smAE4��a�&QKf��p[_r, � QFD �	���_)�8S, 6U�8���K[��X��KxM*S_)[�H:<, Ri6U_)�8��IiwUh\[�8��, &��kM(/D�[:<V^�, &=���6T:<Z-wh[*D\.N�J?: 2009-03-30��%/: b�� (1979–), �, Q�d_9, #dl(T, l(�N: =�gA�8�7, E-mail: xypnudt@sina.com; Y�N
(1983–), 	, !�&�9, #dl(T, l(�N: b��=gA�8�7; n� (1975–), �, Ci&�9, #d, ��m, l(�N: =�gA�8�7; \x� (1963–), �, ��2�9, #d, �m, #dTWW, l(�N: b��=gA�8�7.



168 = � - ; K g � ℄ � d 301/A��a�[KxNkMS, w�so/_	\�  i+4A�z[f��A~[F}a�, i�!m�[h\�8; ℄w�s_)�8[�CRM:nE.3�_)�88�[�K, ?[o/_	\�_)&�=���_v:5_). ~G, _r>�[��a�_)�8Jf���Nvr, {���8�f%\��_v:5No/_	\�D�[:<, ��E4��a�[�=�, Z8=Æ/lR [4] . 9s6U'B, �,?XwUi� QFD �o/�7[��a�_)�8��. 6iwUh\�hVG�P[��a�_)�8��,�5�^_)�88�3h~TI*�E��_v:5_)[��a�o/_	\�r�Vrn
, %��iÆKx2+:.

2 !z QFD }���	�*U�ukE�aÆ

2.1 'R�rhB�^��vP8F}����$1�a�[_)�8 [5] ,��a�_)�8iG*,��a�[48�eNo/:5_r, �D�8�hPN0S, 3h��a�[o/_	\�_)[D:. D�[��a�_)�8℄r,o<\�%{?AK:

1) *,��a�[48�eN�8o/:5_r, 3h��a�<�P�[_v:5FX;

2) *,_v:5�e, ?��a��R_);

3) *,��a��R_), 3h��a�[o/_	\�_);6AK,or�D�[:<48X_)�8xX�4�, =� 1 �. W 1 ~V�iC�_;f,�W
2.2 QFD $.#��'R�rhB�^�qt

20 e} 60 �O, �2sPV�M (TQC, Total quality control) vr�	[M>, <��u7a:d��&2�[Kx�p)3hM*D:S[PV�Mre, {�GS2>�MVK7[}S. �G<�PV<J_~wser<(o{� 20 e} 60 �O?X�[2sPV<J[PV0�)q (QFD, quality

function development)��, �l>i%X�3E$\�SE$Kx�Æ*D�[:<x?[wU�H��. QFD [i�zIi2�7}D:S, �ejmi�8=[_)��KN�!-j, Ix_2�jj8=[_) [6]. 1972 �, A[V,[OY*E5&<(o{[Æ}?lA_	X QFD, &\�[D:S, OY*E5[,:Vo	+;[Zb�8=_)N?��>�=O\B6Tr)[�M~~T<�C,x�?l'�M~~[GsVrn, {���D[d��AKXVr[K|S/, .ZXRM[80.��a�[}->\�2�KxauG}e [7] : 1)�8=_)3h “2�” [Kx�e; 2) 8=[_)mi/H[, �Kx[&q�-, 8=[_)&q-Æ^Nu3^. ~G, <{	 QFD ��LKx2�wpCs��a��[>\ [8−9], ÆQi� QFD[��a�_)�8xX (� 2), � 2 S[U'PV0 (HOQ, House of Quality)� i “_v:5-o/�R”N “o/�R-o/_	\�”�HPV0,�o�� 1SD�_)�8xX[U/�HGs�,�&�DB&�� 2S[ HOQ�6U�H:<	:T+;[Zb�X?C, �Za)?X�/�~D�GX�J[#�:< (	0gA�;�) o+:. � 3 �[i “_v:5 - o/�R” �HPV0 (HOQ), HOQ[n"i_v:5Y�, �Z�io/�RY�, 	�io W 2 �x QFD �(S�siC�_;f/�Rs_v:5�JMP48[:T+;, +;[ i [ j '�~�[i j 'o/�R[�^s�8 i '_v:5�J[Vrn^t/MP, &�+;Si�D_~L�C3h[. HOQ [0g)io/�RD�[GX�J:<, �%#G:��G:�#�G:N��G:{F. HOQ [Æ"i�D.0f03h[_v:50V. i�_v:50VN:T+;, �D�0)N�>�JIe^ QFD Vrn�^��, <{ZXo/�R[Vrn/0V. |xo%?w' HOQ s “o/�R - o/_	\�” �HPV0[o>,� HOQ [�4�� 3 �[G}, + i&4*:T+;Z, +:Xo/�7R��8�C. H>yu	
3.5 �.
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2.3 �w QFD {�����'R�rhB�^��9s��a�_)�8[A'�$\�e, �,?X{?�sJX:

1) uF_v:5so/_	\�r)[up\:_	 QFD ��, <{�u'_v:5so/_	\�[r)hP�C. & QFD S, �DU'PV0S[:T+;ÆQ_v:5 - o/�R - o/_	\�D�[/H^�H:<, _	�0)N�>�JIe^ QFD Vrn�^��, <{�u'_v:5[Vrn�H%o/_	\�[Vrn.

2)_v:5No/_	\�D�[�F\: QFD��[VeN�ei�.8=f	Y_),�:
eiÆQPV0,D�ÆQPV0[��i	Yf0f_~L�^h\��,��CRM:nE.3�zT+�8�[�K, &�I*�E��:5 - �R - \�G�D�[�J:<. �Po/�7��, <{���a�[)�o/_	\��o/�RD�[:<hV^, %_)�88�4* HOQ S[:T+;2hVV:,_Zo/_	\��_v:5D�[:<&%~kxV,<	^��a�_)�88��Ih\NhVG�P�n�[�8.
W 3 ASM:I℄ - ��=4�6[

3) )C_v:5Vrn[&3h\: �D�8)C_v:5Vrn�^�#, &��	 QFD ���HXo/_	\�Vrn[D:, <{3h℄r[o/_	\�.~G, �P��a�_)�8[i�z`, �,?XwUi� QFD � W 4 �x QFD ������(S�siC�_7}Wo/�7[��a�_)�8��_:� (� 4), -Æ�8D:<{+	�,[ 3 )�.

1) 3h��a�o/_) (+	 3.1 �): *,)C/<[4f_)NE4a�Æ<ÆK>\, 3h���rE[[_v:5, Z8o/_)$.

2) _v:5�8 (+	 3.2 �): *,o/_)$, s_v:5�[�F, |x�8��a�<�_r-�[o/�Rro/_	\�G�, &��o	/H^Zb�, Z8_v:5�8$.

3) 3h_v:50V (+	 3.3 �): *,_v:5�8$Ss_v:5[�F, 	/H�8��.0f0^��3h_v:5[Vrn/0V.

4) i��7[o/R��8 (+	 3.4 �): *,_v:5�8$S��a�<�P�[_v:5�ejE+�_r-[o/�Rr℄r[o/_	\�G�, ÆQw'o/�7<�, �S_v:5�8$S[o/_	\�G�i��7<�[)�o>+u. 4UÆQ��a�o/�R�6G�Æ<, �bo/_	\�G�F, "[�7<�, 	uJ�xru,�2��so/�7<�[o>�o?u,r�s�[o/�RMP�[�8, ZXl'o/_	\�G�slUo/�R[�J:n.

5) ÆQ_)�8PV0 (+	 3.5 �): lA*	Yy�f.0f0^h\��4* HOQ S[:T+;; 4U*,([ 4)ZX[o/_	\�so/�R[�J:n,^> HOQS[:T+;. lUO	 QFD[Vrn�b��, �_v:50Vr:T+;F, �?o/_	\�[hPVrn
. �^_v:50V, ;1o/_	\�Vrn
[�^'B, 3h℄r[o/_	\�G�.

6) S8_)�8$: hP�s[�8D:, Z8_)�8$, 2��Kx8�+:. $S_r
G{El'([[o>�o?r�	��f,-^^.
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3 rvK2��{zu	�.gX �%P, )?i� QFD �o/�7[��a�_)�8�	\P.

3.1 G�'R�r��hB�K6Uu	�.gX ��<�&zE�E[{?:5 [10−11] :

· ��: .g`M�SXws��r�r · sb.g: .gbE|�
· � : .g`M � · �[WI�:1�hhN'D^:5&E[:5D:S,  �<�d�X`4[qp
..  �_r�Wfu{rnX{?[wT.g: 1)3>1�fM1�; 2) � wD; 3) ws���M �[.g; 4) >Sf5bE[.g. &!Eb+ss6T"U, u	�.gX ��d*.w�f5
�JX.

3.2 L9H\�^D�,1��, 6M�	�&)? �_v:5�8$Ss_v:5�o/�RNo/_	\�[�F, =� 1�� 2�� 3 �. y 1 M:I℄�1y�L 1 2 3 4`w;6 �!p0 �p0 t/h �	y 2 ��=4�1y�L 1 2 3 4 5p0�S �-lk�S W;"C�S HAN�S 2�/h�S �k���Sy 3 ��Mug=�1y�L 1 2 3 4 5 6 7 8 9 10p0`
℄� )R x�mNJ� �$J� oE�!No R�t!p
/I R�tp
/I R�tEp
/I �W�S WT2�=���[� }�#k�� oH�GY 9�Y S|Y S|Y S|Y S|Y S|Y S|Y S|Y 9�Y S|Y�L 11 12 13 14 15 16 17 18 19 20p0`
℄� }�CK�S �W/h�S �E2�=���[� iJWT~I=v �E�TW �E~I=v xE�TW �{T�TW  7�vW R�zvWH�GY S|Y S|Y 9�Y S|Y S|Y S|Y S|Y S|Y S|Y S|Y
3.3 G�L9H\FÆkmSq(X{'4f_~, _	.0f0�, 6�os_v:5Vrn�[��L�, _	 AHP ��3h_v:50Vr��^�#, ���C=� 4 �.y 4 M:I℄�1y`w;6 5g`�x 5g`�| 5g`�B 5g`�| 1W�_�$�!p0 0.3899 0.1448 0.3346 0.3899 0.15∼0.39�p0 0.3899 0.2515 0.1496 0.3899 0.15∼0.39t/h 0.0679 0.5311 0.4489 0.0679 0.07∼0.50�	 0.1524 0.0726 0.0669 0.1524 0.07∼0.15

3.4 �w�����e<�^{u	�.gX �[o/_)�"%Ih, ÆQw' �o/�7<�. =� 5 �.�S,  �o/_	\�G�i��7<�)�o>+u. kmS, lAÆQ �o/�R�6G�Æ<; 4U�^o/_	\�G�F, "[�7<�, *p�7"[�Cu,; lU, �8o/_	\�G�F�^so/�R[�JMP. P=:  ��,kj�R�6G�Æ<=� 6 �, a/�6G�io/_	\�, ��^�#=� 5�, �^ �o/�7<�[o>+u(Q[.F�#,9hw?lMI���#I�NnD? Mn^��+u[.F�#, *p�7u,, �8u,ZX(Qs�,kj�R[�J:<�, {rw?lMI���#I�NnD? Mns�,kj�R[�J:<� (	� 7).
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℄� )R x�mNJ� �$J� oE�!No�_�$ 90−170 �� 0−40 �/Q[ 0−30 �/Q[ 0−1000 p

W 5 AS����bV W 6 ASp|"�=4>�
xQb
3.5 +3hB�^�5Z�kmS_r	 QFD Capture ,-ÆQU'PV0.w,*	_~L��ÆQ “_v:5 —— o/�R” PV0 (� 3). {, O	i��7[o/R��8�C, �o/_	\��o/�RD�[G:\:n*, QFD

Capture ?�S[G:\^t�[\�, ÆQ
“o/�R——o/_	\�”PV0 (� 8).=: O	 3.4 �[i��7[o/R��8�C,�D��(Q�w?lMI���#I�NlM? Mns ��,kj�R[�J, \��o[G:\^t. �� 7[,F�^e< W 7 ��Mug=�ASp|"�=4�sd�bW{ZX(Q�^s �[�,kj�R�JlM, ~Ge, QFD Capture SlM[G:\^t “9” �Ds�; �Hi�#I�s �[�,kj�R�J��M, R�,F�^e�(Q[rP, �w?lMI�NlM? Mn[mM, &G.UU5[��, Ixe, QFD Capture S[G:\^t “5” �DGs�; ��w?lMI��lM? Mns ��,kj�R�J,F,eG�, %�D����J:n��, e,
QFD Capture S[G:\^t “3” �DGs�.�P� 8, <{9?U_v:50VMV (� o/, ��o/, sb.g, ��)=(0.4, 0.3, 0.2, 0.1) Z,Vr\
&�3*[o/_	\�yHi(Q�hIVS}H<u�Q�s o	.H��V�RN�#I�. �^_v:50V, zao/_	\�Vrn�^'B, �C=� 6 �. �D{E�8, }B(QNhIVS}H<uilVr[U'o/_	\�G�, <2KxM*8�+:.y 6 ��Mug=�n�w�`w;61WNW dx+ d|+ dB+ d|+ d4+

(0.25, 0.35, 0.25, 0.15) iJWT~I=v )R R�t!p
/I �W�S �$J�
(0.30, 0.40, 0.15, 0.15) )R iJWT~I=v R�t!p
/I �W�S �$J�
(0.30, 0.30, 0.30, 0.10) iJWT~I=v )R R�t!p
/I �W�S �$J�
(0.25, 0.25, 0.30, 0.20) )R iJWT~I=v R�t!p
/I �W�S �$J�

4 -O~�,9s��a�_)�8[A'�$\�e, ?Xi� QFD �o/�7G�P[��a�_)�8��, )?Xi� QFD N�7[��a�_)�8��[℄r([, �[X�Q[\Pm�. %X+�2s[s��a��[_)�8, a_r&��Jf�vrN,-[B7?�[�8k', C�D��a�_)f�[Jf.
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