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Grain Burnback Analysis of Solid Rocket Motor Using
Fast Nearest-Neighbor Search
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(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The burning surface calculation of complex 3—d grain is important for solid rocket motor (SRM)
simulation. Aiming at the problem of fast calculation of SRM burning surface, a calculation method based on fast
nearest neighbor search was established in this study. Based on the symmetry of SRM grain, the calculation do-
main was reduced in cylindrical coordinate system. The initial burning surface was characterized and extracted
based on the point cloud data instead of surface element, and the initial point cloud was organized efficiently by
k—d tree. Thus, the minimum distance function(MDF) could be fast solved based on the nearest neighbor search
method. A general volume integration method in cylindrical coordinates was established to calculate the burning
surface position, the burning surface area, and the mass characteristics of grain with arbitrary burning thickness.
The method was used to calculate two kinds of geometrical configurations. The results show that the calculation er-
ror is less than 1% for a calculation time of less than 1s, indicating that the method has good adaptability for any

shaped grain, and has high accuracy and efficiency in calculating the law of burning surface moving.
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Fig. 2 Flow chart of the proposed method

1) BB T2 O 25 K, R I B — A - 5 TR A L
PRI — /N A
3 0.1 T AN 2 i G R T B L

TE 4% 2 = o A RO H A% Ak 1 3L Al R
LR IR THT B RN B s B o A A RS T — A
P P BRI B ¢, LR SCAE T 40 W7 IO 6 1 a5 i /D B 5 R B
H 19455, B

-1 (peC)
c=40 (peA) (3)
1 (peG)

A p 7R PR 19 A5, € 3R 3 24 25 i IX ek, A 3
IR HR AT DX, G 7R 254 X 4l

PRI RS 5 AT L B 1 BE R -1,
P W% W A% 58 42 A T 3 24 B I P 5 A5 UL 0 A T
5% WA A AE o X T w0 A 008 T R R A 2 Y
Dl AT A T3 SR A A AR R T M T R T
Sy 2RI X A 210 58 i, I HG 25 VR 0 e A9 T A %
WKS 2 o 3R BT AT A T 0 R AR T A A
(9 A5, A5 2000 46 9K T AT 2 K, B BRI ) 4
3.1.2 TR RS 405> BRI IR BRI L s TS

il 3.1.1 795 H J7 3 AT W0 A 8K T A 2 R U

XF B A0 6 K TSI A AR T S, R TR
B R i i, PO R i /N BB eR (B 5 S B (R AH X
i 22 B o LA 4T g ), i 181 3 () i 7 20 (2
BN IZ MRS N BRI WK T, o AN DEAT RS 48 0, AR 4
B 46 R T B O TSR Py, Py, Py, PLPIAS R AT
B B i B T B W0 AR K 1 s Py, U B R /N S
PRV B A ELSEAELAY (1/ cos 0) 1% -

(a) Initial zero-point

D ¢
A
0‘/
]
A B

(b) Refined zero-point
Fig.3 Mesh refinement of the cell across initial burning

surface

Sk S B XF A0 G AR T RS 9 B B, B 5 00 G A T
HHBE B I K T, N B T T A% B HE AT ) A R T
W PEEL, AT R T A 2 B X 0 L AR T 2 AR
Al 1 RN e /INAT 5 T R BT ORI R AR T
FAAZ 25 5 — AN K, B % A 20 il X n X n
1 0 AT A% X B — T A% PR AT R AT D
PR RRE S o W 3(h) iR 78 e
BERUAS AT 5 x S ERI 4 T, 7% A% PN 18 400 46 K 1T 2
MHANY NI B B AW ERIEZE SN P, B
SR /N BE B R B O HSE Y (cos 0) % . BT
0’ < 0, B xi e /)N FE B R B AR LE T 5 S {E A D 25 W
N
3.1.3  EET h-d W R4 A TH S = s 2
B4R

46 R TET A 2 AE = 4 2 ) AL R RS
A1 A B R A PR, AR SO k- W 5 AR T T
ST AT k—d B ST W AR K T HICEL A s 0 23 )

T

pil

200795-4



a3k S

e T PR 30T 0 1 R 4 [ KR e s B 24 48K A

2022 4F

N NNIE S WS SNCE N LIS s YN -k
f 5 2 AL 5 ML A b

B ={P, P, e, P — U E SR (V) G KR
WA 2 B ) Q 5 T IR A X B 0 I
AN S5 FR A X B R A .k~ I B 1 7 2k e 4
i Kt B

(D BEA SIS QIS M AR

(2) 3 3 A 40 E 6 4 07 22 SR I — A4
TETRZE FE A B A P o 3 m ARy 2 0L AT 1
T A bl S T L, 6 25 [ 370 43 SR A 50 P
AT IR QI — B B N (i m s

(3) 45 AR [ 4k FiE I i 5 0 8 4 34 47 4 43
B S Tk PO IR TE e k4 4
KA A 55 5 W S R

L L L
— First split
P, —— Second split
P P, = Third split
! P, *p — Fourth split
L 10
2
L}
L P, P
Pl . ’
L]
L
P, = P,
L L

Fig. 5 Nearest neighbor search

A FE ST k—d A, AT LUAS AT R R I AR 4T X
5010 8 T s 22 D8] 0 0 6 FR T S B A T 4
SR IRAS AR T s X A /0N B T PR AR A

(D) ARZS 4G, A Wim s $8 — ook . R
KX S8 EPMi(i=1,2,3)4E EMP{Em

HEAT R, 5 X (k) > m, W 3EA A TR, R
X(k) < m, Wk AZEF0 . Y3k B0t 145 sk, 15
X, 5 0770 500 BB B 45 00 Sk X A U 4
WP R B e S i /NI D

(2) AT W, F 3R A A T A . WL X,
IR, D R AR I R TE S A S AR 4 S A
28, W B LA &5 5 0 o — F W AT BB A AE B X,
B P, X% - B AT R R AR B T O i E
A E PRI D, it { R R W R
L2 BRI G 5 AT AT o S A

W A% 15 A5, X, A /DN S R B N

Oy =c*D (4)

A e IhR IR e 20 (3) 25 HY .
32 MARTMREDBERBREITERE

15 21 By A A% o5 A d5e /N BE S pRBUS |, HE o S (R 1T
A0SR X 0L P R TR o B X R T T R A R i, PTG ek AR
SR E R AR AR A 3%y 1% T vk A5 B8R T AR o 7R
rhe 2 R R AR AR RS . RE SR SR T
B R — R D K R 5 i B TR R JF
X AR 2 TR R B o3 oK e 08 D TR0 R, A i ok 7R vhoa] DL
1ok 2 245 R FRUAR Ak A SR A 286 24 T s R MR AR L. B

v

“ de

(L Tvr N I MR N ToS S 6 T B U S o0 g
5 IR THT 22 8] 1) RS AR Ry i BR DT A R 25 Y i L A
KM e = d W ZARFRR TR o %7 Bt A A
[0 S RN TR 1 I A N S R AR ST 4 6 N
HisZma 7SR . AR S B A 43 TR S TH AR 2
PR AE AN 1S 0 2R T B 91 0 PR UE B 1 T
K.

BT 3.0 16 BT A AR T R A /N R pR R (R SR
fiff, TR A R R B e B BRI AL B o TR ) 2 B
— /> 7N AR BT 1 R 2R R R B 3 T A o e 2
PR 2] S e 2 P FH R T 7 B A 3 o Xk S T A
DA B NS5 808 — e {E 1R TE A5 0 Iy 0 A% it Ak otk
B B/ ES-e AEAMNBATES - e = 0T,
Wl AR 25 J5E 185 hy e IR (14 49K THD 25 2ot 32 A, 5 DU 32% IR A
AR TR U

R T B E S, B A] 6 B — AN N TR BE AT
RKARBUTR ., X TRaelb TFaE R ipsT, i
2GRN 0558 DAk T 25 v (1 BTG, 2 2 AR FRED Oy
12 IR N RS O e R (T S PN N S W AL BT P Ui
O3 R S A HEAR DL L B R 2 AR R, i 1] 6 () il

A, (5)

200795-5



Fa3% HsH e it

#HoR

2022 4

7N T IJK R BR LR JE R e I () 3 — M 4% ABCDEFGH
N IR TR, 4 A—TJK A 12 i) Z0) R R 48 B 3 4, HE 4% 3
Ay REs s At e

CU) 4 {8 TR T 5 A 300 4 9 28 A Ak A, DA
R - FB A LR ERE, WWE 6 h
EI, EF, FB, B,

(2) TR — A A% SR TH 75 A 25 I A T A,
J7 1 Ry T HRAZ 05 @ — e 25 H f5e W T X A ER
IF SR f SR T 5% 0 AR ZE 8. LLIZAE SR TR,
WA R RR A B O S R T TN 2SI Y TR
A TA AR Z AL WE 6(c) iR .

Seran = Supwr + Suewe + Sugu + Saps (6

(3) 75 B A~ FA. 50 N B 0 i A5 @ — e {H 22 1H 5 K Y
PRXT A4, I DLAZ ARG 1 2 5 R T 04 28 6 2 T, T
& 2% 22 1 P O\ 25 Y T FR R IS T R A BT TR A
25 AR FR 3 S A A MR R Z R

T A A 43 TR AR R T T 0k ol R AT
WE AR T O A I BRI XA R S A 0 W, 42 T T
FH A A 588k 5 [R) Ao gk 0 4% 1A RR IR A AR R A FR
g3, BE W8 7E R M o B2 v AR B TR D AR RS B Y T A R
PR P45 B e R R R K R BE I 2 4k 5 L 2R
3 (5) 45 SR 1 171 FR, Sy ok O 008 1% 25 25 09K T T AR
A5 R KR W B, ok R R B A O i A
(5), 45 2 A 84 1o 1 AR T =R =X (7)) P o

2V, L4V =V =2V,

A = 10Ae M

(a) Intersection of burning
surface and the cell

(b) Length of the edge
in the burned domain

(d) Volume of'the cell
in the burned domain

(¢) Area of the face in
the burned domain

Fig. 6 Volume integration of hexahedral elements in

cylindrical coordinates

4 EHHISH

41 EBRFRHPEERLITE

P 7 S 5 R T B S 2 A A 2 24 T iy D 2
FL P 3 1 [R] P ARG , ph T R Oy (8] ] R B X R A R
A b A HE AT AR 30 20, 3 B X R A A O 8 X
B 112, 0 7 () firs o 225 LTS5 1 s .

1000

200

$300

(a) Model of star grain

(b) 3-D model of star grain

(¢) Calculation area of star grain
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Table 1 Parameters of the star grain configuration

Parameter Value
External diameter of grain D/m 0.3
Grain length L/m 1.0
Diamter of star hole inscribed circle d/m 0.1
Diamter of star hole circumscribed circle d,/m 0.2
Star tip radius r,/m 0.02
Angle fraction of star hole 1
Radius of star root transition arc r,/m 0.01
Star angle amount 6
Half angle of star edge 6/(°) 30
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Fig. 9 Burning area of star grain with different mesh scale
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Fig. 8 Burning regression of star grain
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Table 2 Calculation results of star grain with different mesh

Refinement Calculation

Mesh scale level el eyl% &% L
1x1x1 463  0.66 1.68 46
5%21x101 3%3x3 429 021 132 89
5%5%5 425 021 132 171
1x1x1 3.10 024 0.88 195
7x31x181 3%3x3 283 021 074 383
5%5%5 2.84 020 075 680
Ix1x1 2.18 023 0.68 890
11x51x251 3%3x3 190 025 0.5 1779
5%5%5 191 026 0.52 3448
Traditional MDF - 1.44 - - 1.12x10°
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Fig. 11 Grain volume of star grain with different mesh scale
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Fig. 13 3-D model of finocyl grain
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Table 3 Calculation results of finocyl grain with different

mesh
Mesh scale Refinement el oy l% &% Cal.culalion
level time/ms
I1x1x1 1.648 0.174 0.209 45
5x21x101 3x3X3 1.543 0.162 0.188 65
5X5%5 1.528 0.155 0.193 97
1x1x1 1.148 0.198 0.185 172
7x31x181 3x3x3 1121 0.182 0.172 256
5X5X5 1.119 0.183 0.172 461
IxIx1  0.658 0.193 0.156 809
11x51x251 3x3x3  0.629 0.191 0.162 1648
5%5x5  0.627 0.191 0.161 2917
Traditional MDF - 0.620 - - 1.15x10°
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Fig. 15 Burning surface of finocyl grain with different mesh scale
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