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Lightweight design method of transmission frame structure

considering the overhang constraint of additive manufacturing
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Technology, Dalian 116024, China;
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Abstract The transmission frame structure of lunch vehicles is the key connecting part which transmits
the thrust load of the engine to the rocket body. The lightweight optimization of the transmission frame
structures with a relatively large mass can effectively improve the thrust weight ratio of the lunch vehicles,
realize the high-efficiency bearing of the structure and stable production by additive manufacturing tech-
nology. In this paper, based on the framework of moving morphable component (MMC) and considering
the overhang constraint in additive manufacturing, a lightweight design method of lunch vehicle transmis-

sion frame structure was proposed. This method can consider the design requirements such as stiffness,
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mass, design space and manufacturing constraints, and maximize the structural stiffness under the con-

straint of limiting the weight (volume) of the structure. This paper deduces the formulation of related op-

timization problems, gives the optimization process, and shows some typical examples. Finally, through

the analysis of the optimization results, the optimization results meet the stiffness requirements of the

transmission frame structure of the launch vehicle engine and the maximum stress requirements of the

transmission frame material, which have significant advantages over the traditional frame structure in

terms of quality. There is no large cantilever structure in the optimization results, and the suspension con-

straints unique to additive manufacturing are satisfied, which proves the effectiveness of this method.

Key words topology optimization; additive manufacturing; lightweight; frame; moving morphable com-

ponent

0 5%

A A TS UK i R T 2 POk, B
PRI A T —A R R B BL 4R K
P+ % M =S M S R A R R
FEILR F LA B T A 08 b PR SE R i B B AL
XK F 32 HOKF B & 2 R R A1
P38 BT BT B R R B R 45 7R T 1 25 ]
FHRITRRBE ), B R F ol K B CEZ M —
Mo B 3EAE TG — BUAE I KT AT DLz ik 2 A
AR R B o, By R SR BT R Sh LI RE L &5
Al IS E S ST e P DS U
FebR . T BT — QA0 3 BT 32 B ARAE W] LI
RGP REME R AL AR R A S fE
b Bl ERsx 5 A Jrm . RIS E R A —
SE R BT A KRS BU T, K iz 2E
(4T F T3 5 i R L R R AL S A5 LR
VERIB 3K T — S SHERAL, h T 20 e s 1 1%
EBHUAA AR E ZR A2 FI LAY B AR AR RO HLAE
s At S NS I A L L A (AL AN A a g
AR A2 1], [t 26 B 2 K

PAMIC A B A Sy — TR 2% 1 s A9 45 4
T ARV A DU o i i R I T AR P 245
BTN FAMUARAE S S T ik Ry
—h LU BROCT5 i o B A, 5 5 HOS O A9 AR
IIAVER AR AT G2, 38 2o Xof Ot A 10] ) 5K A, 4% 5
—A it s (A N R R B AT R A T 56 M AL
AR T RSP AAL A R ALAL , AT LRk 2 44 Y
Aii Jey , AT AR SE R 1 RS SRR . I dMEte 1
ARAG BN B w55 OB o3 A1 B ol 45 LA o S A

5yl U R 4 AR ], TR B A
V7T, HEMCALEAR B S 1 8 2 1 BUR , 1140
X TR AT K A M5 8 =X K ) 254 4 B4R ik
BIFSE TR 2 A 0 A A R DAL B TR S
PR R R AL B 2 TR & sl L 440
ML R EHHLHLAE 506 Befl 1 450 — 1Ak
WML

SR 5% Ak o) — B 5T 5 I A6 T 2% IS b 1 i
ZEAEAE BT X T 4R ML BOR 15 2 1Y &5
TEATAT JUAAT 4 28 52 % ) 45 IR X 45 [ AL, R A T ik
L G h 1 T2 W A WA G R BAy
R AL I S = A S5 00 e L, AR 5 2R ) T LA 25
ATOE RSN RN O i o &I | W ALy | R S 1]
18 KT BRI 88 ) 3 R AT DR 4
TN T3 A2 v LR R SR R s R 7
IBECKF RSB TTEE NS E AT 2 R,
MG A 5 38 b ] 38 100 Tl 5 o i R B b
FEMAFMEAC R P, T — 20 4 Bl iz 3K 45 44 [m)
Bk etERE L

R, Bl 2 o 22 2R A s A 2 k)
VERFFMIEAL T 2%, (B A2 %% B vk S stk Jr vl vy
AETEBCT AR B H5CER: i 0 A% 25 8 185 Jonn iy R 3 ML A%
PG KBE B TE T X L 6 R R AR RS ORS 1 4
H TR R Ik AR N O X5 L B T
(CAD) H AN "™ A5 M B, B3l A5 I 40 ¢ vk
(' moving morphable component, MMC) 2 k[ 19 | F
2014 AE42 1Y — R 2 A0 P A eR B A AL
Jrds, T 8l T A8 T8 (0 2L A4 SR Rl iR S5 i 3 B
AR FEA BT R e e 2 T LT IR B 2807 1
el b 2 i, oA E R D, B



28 KoOHE e B

2023 48 A

JUPRAE AR B DL AL S 2R il B % & i1 2= CAD/CAE
AR, T 07 KT K B ML AR b B
A58 H E A

ASCHET AR S AR S, FE A% G ) i
T AL LR R A ik i e 1 4R
H T — b e PR A i B T A PR R
TR KGR SHLLZROC A BT O %, 725 2 4
PSR R Bt B DL T, S92 06 2 484 b 11 3 249 o v Ak
TG 1% F7 HLAR S5 R W JE e RAR BT X i
THI7 T A SO A T HLAR Y i, 42 i KT A
MU LE, RIEAE Ty ML & F 4, OF HL 35
T B4 R AL M T T B 2T, W LA B A
PSSR %, Al R — s B H B R
L SRR A 2%

1 &R NN RER B M )3
iR
L1 ESHHEANEERETER

5 S JIHLAAE o 2 5L 5 o s i
KRR, F LB TR 2 2 Sl 2 1 A 4 T,
b 5 BRI 238 1 A B AT AR B
MR U M RGE 1, SE B R LT, 14 )
UGS A LR LA R ER .

D) RIEEEDR . 380K i B, f 1 LA
AGTRZ R IOBAT , IR B BER A 1 LA AT e
MOARBL AR 1. 5 A NI AR AL, 46 P87
A 5 SRR 42 S LA 97 1 D B i ) e T
B IR B 5 1 P B A AR O B
X I 1 Rl BT R P2 o K 1 1 5 i ™
EAO LA ILFEPR AR o, 2 b ) 2
BRI G2, 15 ) LB R FE X 75 5 A i 2 T
TR,

2) i ER, R EEXN R 2 — 1
FIMLERE Tt 5 W 3 2 K R 10 & 56 AR 55 4
HI, ML ML R T R A RO = kR
(32 REE 77, [R) it v kG RS AL 2R I et K&
Y RA L 5 S R B ML TC L AL 2 48 B0 7 (Y )
FEFFMI AL o 38 6 S AR R Bk T2 [l
() o BOAE A 2% 0T A i 2 40, I bR /) D) 5 o
B, Kz 3R ) .

3)iIhAs MK, Wit as [ R AR BLAE # b
A BT XA 3 o VB s K ET 450
—HBA, A ST HLAR A TAE PR 5 JR BEDK HE AR A7 1 2
TR TE K A AH SR, Xt K BT N BB A AE 19 R R
RAETWALE R B 7 2k & A
X3

4) il R ELR . Ak BT o B 2 IR A
SEFRA AR R A T 2, YA
il 385 29 R — A e K/ e /N RS R B 2 s 2
W RIELY I MM G 22 R SN AR,
PRI G SR T AL rh AE A R B PR S5 48 , R 22k
AREFARE G BA ) 1 2ok AR oo JCVE TR A R A% T
AR G5 AT e 7 AR B 5 SR it T G i E R A
PRI 7 2 R A i S A R iR 2 T [R5
2 R A AL 3 A rp 32 B R ) il 2R

FENH B LR K S B T HLAR I i 11 25Kk S i
b TS R R E AL T
1.2 MMC #fHIME FiER It

B A8 8 20 1 ok H i A B XL 244
1) BERELE 25 (B vh A% 3 I A8 JE i A4 R
IR G PR FMFEA TT R | FH AR 1 R 25 4 4 b
15 BB D e 2R LA R 1 S 800 Sk fE Ak [ gt e
(AR i a3 21 R 07 ¥ 04 % 8l R R S B9 4 i 52
IEEAGFANEAL, i 1 R,

{_\-\“.L ,/_::' '-.-Lh‘*-., ——
B S
D ® =9
= e y
""‘x\_;/\)-"/. ~ ool
r}A§) & oo

(a) WIURLL1F 20 AT

(b) FPEE AL AL A

(c) Pt &l R

E1 MMC FiERsGl
Fig.1 Example of MMC method



H49 & 4 1)

M, A 25 I i R TR A SR L D MU R A B i 29

1E MMC HEZET , m] R 3 n] AR 8 B 201 Sl B AR
ZEF BT BT, R AR SO SR RUR 2 T BT i
A R oR Bk R — A KL T iR i =
HELA 1, H

v =3 (£ (5 (7)o

2 Ly
Hrp
x’ Ry, Ry, Ry7.x-x
{}”}z |:R21 R,, R23]{y_9’0} (2)
z' Ry Ry, Ry-tz-z
R, R, Ry G —CpS, Sh
Ry Ry Ry | =| sspc +es =88 6,6 =s5,0, (3)
Ry R, Ry —C,5,C, 5,5, €58, +5.¢,  ¢,C
s, =sina, s, =sinfB, s, = sinf
{ s L h L S L
¢, = (1 =5)%,¢, = (1 =5;)2,¢, = (1 =5,)°2

(4)
A ep Ry AL IR 9 2 80, AR SCH p = 617
L1 \L2\L3 ﬁ%uﬂgéﬂ'fﬁl:ﬂgﬁiéﬁ\ﬁléﬁ\ﬁé%; (x05y0’

,

z ’
/ y

4
z 2L,

(X0, Vo Zo.)

0] y 2L,

v 2L,

' (a) BN AIF SRR

zo) AL AR AR bR R B L A bR, BAR D
K2 (a) i ;0.8.a BN AMRERAEPR R O 2"y &'
R JRMFRFR Oxyz WA, =GR Jmy & AL bn AN
MR AR R RN 2 (b) ~ ] 2(d)
Frs

XFEEA ST, H A M A s &
x.(x) >0 x e £,
x:(x) =0 x e a0, (5)
Yy (x) <0 x e D\(, U i)
e D Oy = eSO E A @ =
1,2, n, , n REPFREEG Q 05 AEERT &
DK, A A5 0 2 AR R B R A O 2R
CIRDRE Sk NUEZER N iPu NSk L

x'(x) >0, x e
{X“(x) =0, x e o) (6)
Y (x) <0, x e D\(2 U )

Ly (x) = max[y' (x) ) (x) - x"“(x)] ; 2
J =D — AR D T

A2

Vi y X,

(b) ¥ ff10

(d) ¥ ffa

2 ZHAGNSHRTRZHAGNEDLIFNEF[LIRNERLER

Fig.2 The parametric representation of the three-dimensional component and the transformation relationship

between global coordinates and local coordinates of three-dimension components
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