1018

HOCHE, BRI, BREAE, ARl

NEHS: 1006-9941(2017)12-1018-07

VB AL B XU 3R B i

TR, AE%, REE, FH%
(T AEREHESHASEE, RE W% 710127)

AR AR

M OE: O T RRAREE T AR AR SR A C 100 R T AR TG A RUBS: B D TR T B B RE R I (QFD) A BAL T (AD) Y BUEE A [
AR 0 T 7 B TR 5 vk AR Y R TS O M & BT R G e 1 — 1 R P U e B SRV C U5 S 1), JR TR T A R A A R I 5 MR
SBOT RGP E RO . GERERW, e B & BTy BEw) AP SR Ak S A B L 15 b B2 5K A TBC U5 D RE A o B B o AR
By PR (R AL BEIT) B o AL SRR )y Beit T AR D, & IR R B b h + 8 20 DL+ BE AN + T3 B0 0T #9387 Uy vk e A 200k A

DAL TE AR RURS: , 482 55 I 7 B30, AR T O T JRUAR

KW MBI REEERTT; AT MSK; O RN

HESES: T)55; V512 NHIRERG: A

DOI: 10.11943/j.issn.1006-9941.2017.12.008

1 5]

i

Wit 5 ] B Rk B R B A W7 e, AR R B AR Y
7 i PP SR AL S 22 T A, G ey v afl A & W A
PR T AT A % P BRI T BT R B
RE L, MR T s R R SR B, R
BB R 75% LBV i AT
m W RE R E A AT A PR RE RO 4 R, R i T
T J2 B 5 SR A ABE A R 77 i S U R [ A 3 ) 15
RIES
T 458 K HE 25T J7 e v K 22 02 3l ik 46 2 e U B
K (B TR bR ) (D BE 4 43, 0 AT A R b 2
BUBL AR DG 0 o3 E AT 240 & R IC , s AR B 7 7 %6
0 Long Y45 T W FAR IR KE2h F 1 8 5 RE A
A A AT R b g ny R, SR Dy A AR el
YEZT e i %% BN, BN 1 A 58 S 7 R AR AT
Bt T B R B 2 b R BE Y R SR AR A -
BIRAYEZG . William A. MacCrehan 255 #5464
KD, TR TCIR 2 s e R 2R R T 3 R A R
TH AL 2 AD IR 55 26 & B A s A6 H il (NG) e

Wi EH: 2017-01-16; EEI H#A: 2017-05-10

E€WHE: X AKRPFEERII(61673319)

EE® A EICH (1991 ) L FE Al b, 322 S+ S ML I AF 5T
e-mail: dongwenjing1991@ 163. com

BEBRRAN: BEZE(1958-) 55, B 5T b1, 322 o3t 50 LR T 5
e-mail; zhaqye@ 163. com

Chinese Journal of Energetic Materials, Vol.25, No.12, 2017 (1018-1024)

H — K i ( DPA) (6 1k r= ¥ N-nitrosodiphenylamine
(NnDPA) UL J¢ & % v € 7 ( N, N'-diethyl-N, N'-
diphenylurea,EC) 347 HE# 4> H7 1% it KA 76 #E 47
e ) FLAGKE 25 BB, i T S0 H TR0 0 LA K 24 ) AR
JEVEREEC A OCHEAE H , DR Ik 2 i AF 5 4801 590 (i TR e A
FRAEN) S5 BT AR PE o 33X S SCRRAAR B 1 KHE 24577 il
& LATRT B D) BE (i APRJEREE A 24 vh YRR AL DN B ) -2 14
Chn s RJRREE K 24 vh i A7 8 0 ) R e T 45 A A A
SRR E R, HEOBURE 2R A 1 7R C O G i R
REEAM B R O N LA 5 A i 0 6 D, A A B 3 Isapu A
I A5 1987 AEBCHIRE BAg e 22 B 7 xR A 45
P FE REHEAT BUACHE & 3 i JBAR; BRI 5
SR N K 8 N T SR T A, A B A T 4 O g
OB NAS I OC FR A i K8 TRk B U A T R
B G2 R Rk 2% [ H E 590 1 7 Bt 07 vk vh i K iy 4
g WERE DL R D BB AS 1 2 18] 19 ¢ 78 52 2% , A& R RSO |
EE S ey e el B TS b g s O L e BT ]
TC K A 6 J2 M B SR Y A3 & B e A, R
T BRI 2 AR

Jit & I fig J& FF ( Quality Function Deployment,
QFD) & — 7l i 7 5 75 5K 9K 20 10 7= & OF % 07 30 1
77 B BT AR 3 L R, BISE T PR oK, A AR F
BRI EE ., AL (Axiomatic Design,AD) &
i 3¢ [ Nam P. Suh Z#2 7 1990 442 i 19 45 5 & it
R AR 2 BT A Xk P SR Ak BE AT 2 g -2k
PRy 2 O i B HE BT 20 R T A A A AR A 2 2

>
o)

& Ao www. energetic-materials. org. cn



T AL E B OURE 2 [ A 3 590 1C 5 M e T O i 5T

1019

MBI . AATFEAE S QFD Al AD By45 H L3 R
OO 2 ] A Hf 8 50 E 5 ) BT R, 4t — Rl e T
QFD 2N BRALBE T XUHE £ [ A e 1 550 P 7 L 2 8
B AW FE A T A IC 5 S BT B AR, T S U5
PEAT RS A T7 SRR, ORAE 1 I A 7 T AR A i
TRBCAE A UK AR A R O TE D7 B B LR B4 S B

2 WEREEEHAFIRGFHESZITERE

2.1 BHEABKIZITHSH

AL G2 o BRAL BT Th D) RE B0 BRIy 2 A
e 555 3 e Xof U R [T AR 4 A 7 S O AT e, L AR
h s RS B A T8 5 9 SR B R R B Ay H R
SR T HR TG SR AE S Ty g 1l e S5 3 AR A 1 IR
H T T A6 B A A R A, B A R B A A (C T
J3) o AHIX Rl AR 2 A (RS 7 i) 1 Gt R
REUE I 2R (BC 5 Ly ) S B 7 R DI fRE ™, JF A RE 1
B gt 8 (B D5 18053 ) T LA SE BRI e ™ o Jir A
TE V) fE B A 31k B 2z [\ 51 A R B S ( principle
domain) #% it 3 ( measure domain) , & ¥ 4~ 8 /E K
T RE I A B 2 ) 0 B A A L TR AT S N 2R M
PRV OLT , B 52 BR800 14 1) SR A , S o™= it 14 €1 7
Wit asa . ASCHIE QFD Ry el |, 4 2 AB - It
P - i - AR B A S T R G
2.2 WEREEEHFEFBEIRITRGERHET

ASCHT QFD Fit AD gy T HE&S BT LA,
A 77 i AE" Ty B J— I R — 5 e > B A B AR
AT 27 SFIRAE PR S W o, B W A R, A
BN LR BRI R o i i AR R B T A A
Bt I (domains) | JZ2 2 (hierarchies) \Z JE i 5
(zigzagging) = KHME&""", % A A T 1i T A9 77 AR U
] N 43t o [ B Bl S 5k A AT 4 S A 1) B S R0 A 1)
SR, R 1) Bt S o i L ) R Bk R AR, AR T D B
Jit S8 T 28 A Sl e SR £ g AR 3R Sl R] A S L 1)
e S5 2 i Sl P ) ISR, s — A Jul e 1% T8 2K R AT A T
R o3 AH R B F 02, B30 AT LA AT 120 A0 45 4 ot & 52
A Ik, an B ae s 5 B E T R 43 S T U RE , T2 BE
HRAJE I 75 BEAE 7 S B S B 2 R Ak 22 ) o3 o it
REARD DR BT 9 J7 125 10 T U3 2R [l A 4 3 59 TG
B, (1) 5 %% SR SE AL, 6 7 5 R 3% 7 Y
XA ZE R TR AT B S MR (2) 7 R,
Xof i it TE 75 #0 B8 £ 3 3 2 M R T SR Y SR &4 (3) U7
FEZ o, AR A [ SR IREC Ty s (4) T
SRR S BB R S I A 7 O SRR Y

CHINESE JOURNAL OF ENERGETIC MATERIALS

W RIEINE Z W A . 22T QFD F1 AD #9577 i AR
SR RGN T TR

| ADf “2” HmRgf

B 1 T QFD Al AD ()™ i BE 8 B R o
Fig.1 The system model of product conceptual design based
on QFD and AD

2.3 BMENEHEAFBERS X REMREEZL

DA OO i 4 50 15 75 MR 2 et D o, %ok e
Ji BSR4 ) R
XU $HE S 75 Sk ) R S5 45 R A L [ G 1] 2 i

KA LR |

PNl AU Thiesk

FMEEHRLLA R |

B BRI | [ R

K3

f 3 HE J s
fit 9t ‘ e ?‘EE . | i
| b SE )
K i 1’1L i ikl
&2 fiE
ey ) S SR e e
3%t i
| @l %
B | |40 o |
1&1 - AN i i{:
| | M e
s TSR LR o T
i & |8
o &| |%| |m x| BB
n B (e |k || |
ARETNES n | em
A AN AN # N
; ; il
ft| . : i . #l N
Y Y vy v vy v v v v ¥y i: LA B
W || [BE] [] |5e| |2 || (=] |R| |H =
w (B el e W8 g (8] H (X (P |8 |8
7 ft o | | HE 5 [ AE . B |
a1 (o 2 LR || R || 8] (8] (=] [#] |8
| (B %] wl | & 2| (5] |m] 8] g (B |2
%" B |9 LA T A |H g | M i

B2 e U A ) ) Il S 445 ) A58 250 1]
Fig. 2 Model of modified double-base propellant structure

mapping between domains

bt A A 2017 4% #25% £124 (1018-1024)



1020

HOCHE, BRI, BREAE, ARl

3 WEREGHEHFMSEATANENTER
HOSEMBIERTE

S8 BN WU A [ 4 4 4 70 E 75 69 07 S e (B AR
TSI T e, M BT 26 P ks QFD
HlAD BIMES BT 7™ il B RL i R 2y B Je— Jt B A
— R — BB B R R S AT 2T TR B
WS i, e A B 2 P A RE i SR A4 TE O I RiE
oy S BETT B TS . o T IR R AL BC DT T %
it BN MEABE A BE 5 1 Pk RE AT W0 2 PRA . DA T i K
A ARH DA B R & o B RN R g
R FBC J7 18073 (20 73 ) 3 WBUAY 77 B 0 5 28 i e T 45
SRAEATVEMY, 0477 B B 5 5 TE O 18 45 i BE O R AR
NJE SR B TR BT R & RN BB IE Tk
XEC 7 423 HEAT 20, DRIE LA B A7 R il 2 %
3.1 EHADEBEREETFNTE

AR 3P AU AR [ A 28 790 IC T 2 1) 4 7 RE %
e 77 e 20 0 v D RE B (5 55 B E ) LA AR (/)
AT HFEE A (FR L) PR RE Y AP S {E R R

TR 55 R JiE ) AE oI 55 A SR R A e J5C U 4 A
F4 B B o, S i e 4 0 A TBE T R AR AT Y 4% 0T 2 RE R
55 R/NBIRE ST o UL 2R T (Ao R R0 B D7 b R AT RE R
P B B o3 B Dl 5k 55 A B2 5 FHLAT: 0 2 BB 43 A9 2 fE
SRS FEIE . MRS IC 7 TP 4 $HAT D fE BE T 1 9 5 AR
JE S I RE M E SRR T R .

x1 UIRefEHE X

Table 1 The definition of functional numerical value
runctional performance description value
in the formula as this function independently,

- 1.0

and the indispensable
as the feature of strong capacity in the formula 0.5-0.9
as the feature of weak capacity in the formulation ~ 0.1-0.4
without the capacity of realizing the function 0
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Table 2 The definition of cost numerical value
cost performance description value
source is wide, and the price is cheap 1.0
obtamAmg is relatively dlfflcult, 0.5.0.9
the price is more expensive
obtaining is very difficult and very expensive 0.1-0.4
don’t get 0
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SR KO 2y R R, AR AR RE RS 0 B
i AL T A o R RE Y, 0 BRI S Ge EE, FT LAR
FRENSEPRIV o Al R AR 2 SCRANEE 3 B .

R3 AIFFGREMEE X

Table 3 The definition of sustainable numerical value

sustainable performance description value

don’t cause pollution to ecological environment,
not obviously impair people’s health, 1.0
can recycle and reuse

less damage to the ecological environment

0.5-0.9
and human health, most can be recycled
harm is bigger for the ecological environment

0.1-0.4
and human health, a small number of recyclable
serious damage to the ecological environment 0

and human health, cannot be recycled
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Table 4 Recommended values of performances for common

high-energy single compound explosives

functional cost numerical sustainable
acronym . B
numerical value value numerical value
RDX 0.7 0.9 0.7
HMX 0.9 0.5 0.5
PETN 0.8 0.3 0.2
Tetryl 0.6 0.4 0.4
TNT 0.4 0.9 0.6
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Fig.3 The framework map of modified double-base propel-
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Table 5 Comparsion of the component and its content of new

design formulation and formulation [

new design formulation formulation [

name content/% name content/%
NC(N=12.0%) 50.09 NC(N=12.0%) 51.0

NG 26.92 NG 25.3

HMX 13.85 HMX 12.8
DINA 6.92 aluminum 4

2 ,4-dinitrodiphenylamine  1.38 carbon black 3

oxide Cu 0.69 C2 -
vaseline(VSL) 0.14 vaseline(VSL) -

®6 HUHTRIR T SER T T ATEREXS L
Table 6 Comparsion of performances for new design formula-

tion and formulation [

special impulse
/N +s - kg™

propellant
type

no smoke double Base

formulation signature

new design formulation'’ 2444.06

formulation % 2445.86 smoke double Base

Note: 1) specific impulse estimated; 2) specific impulse determined.

H1 2R ST BT A 2 T ol XUHE AfE g RV 7 A S5 IC T
B, H EZMAEIRAR B LR N 1.6 g - cm™  JRIHL Ny
3640 k) « kg™, T IEPEIRAR MO, 0 BT EC 5 1 3 g
{EL A AT 45520 6 JE (EL AT 0 2, OF 3 S0 7 4
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Table 6 Comparsion of recommended degree of formulation A and formulation B

basic information

the amount of plan information

functional cost numerical sustainable recommended
composition content/% numerical value value numerical value degree
NC-120 54 0.9 0.85 0.8
) NG 27 0.9 0.8 0.6
K’rm“'at"’” DNT 15 0.7 0.75 0.2 3.93
VSL 2 0.9 0.2 0.6
oxide Cu 2 0.8 0.9 0.7
NC-120 57 0.9 0.9 0.8
. NG 28 0.9 0.82 0.6
g’rm“'at'on centralite 11 0.9 0.6 0.6 3.914
DNT 11 0.7 0.7 0.2
VSL 1 0.9 0.1 0.6
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Computer-aided Conceptual Design Method of Double-base Solid Propellant Formulation

DONG Wen-jing, ZHAO Hong-an, GENG Guo-hua, LI Man-rong
( North West University School of Information Technology, Xi'an 710127, China)

Abstract: To reduce the risk of probably no solution for solving the problem of formulation based on optimization technique, the
conceptual design method and model of double-base solid propellant formulation based on quality function deployment( QFD)
and axiomatic design( AD) were proposed. A modified double-base propellant formulation example was designed by the concep-
tual design system of formulation. The application effect of the model in the conceptual design system of propellant was showed.
Results show that in the conceptual design step of formulation, the formulation to preliminary solve is rquired to basically satisfy the
index requirement of formulation functional components and their boundary content to ensure the detailed design (optimization
design) of subsequent formulation has solution. In traditional design work of formulation, a new method according to " conceptual
design+ detailed design +performance prediction + redesign" can effectively avoid the optimization risk from solution, improve the
efficiency of formula design and reduce the cost of formula design.

Key words: conceptual design; quality function deployment(QFD) ; axiomatic design( AD) ; conceptual model; evaluation of for-
mulation
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