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Structure Design and Process Planning
aor Additive Manufacturing
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Abstract:
research of parts design for additive manufacturing from
with

optimization, mesoscopic structure, parts integration,

Systematically discusses the state-of-the-art

the aspects of structure design topology
fluid pipeline and heat exchanger, and the aspects of
process planning with toolpaths, buliding direction, multi-
axis construction and curved layers. On this basis, AM
parts integration design, multi-scale heterogeneous
cellular structure design, performance-oriented process
planning and process planning for continuous carbon fiber
reinforced composites as the potential development

directions were proposed.
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Fig.1 Application cases of topology optimization
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Fig.2 Application cases of mesoscopic structure
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Fig.3 Application cases of parts integration
1.4 REEERIT

AM T ZHARAEF T LU i HAT 2 209 N R
R A LB MR RE L 07 W 1R AN BETE v 4D
R T5 TR ISEFH o (S A% 8 R Iin T T 3k A 3 4
M, BR TN T TP 2% AR R Z A, ifl 2 A4

T PN TCIE BRI B, AR R T AL AR
DI 253 iR AR, R BURIARCRIR T 55— &
FAIRR i T AM BT P e AN A AT AR
KA RE AR, T B AR, AMR TR BE T K
(A BT B FR BE, 1T DA R A T BT AR B AR B 1 £
% DB/ LR TR XU | A A% 49 i 3 ) VR s B S
FEAER S ORI S MR . Aidro hydraulics 2
FIR A 3D FT Bl 1 R R (18] da FIT7R ), WHi R
i e f) PR S A A AT AL, B TR R (AR
JIN VBT AR A b T At 5 DA B, I FLBR 8 ) 64
e AR A5 i i T AT D T R 4

=

a LA BETH VR C7

b RABTTRIBETE A EIE AP
B4 REEERITHERRG
Fig.4 Application cases of fluid pipeline design

e 7 il ik B8 MK IE KRB ELEk, H AL
LERL BARIF IR AM 2 | LAsRE G PR H AL 7 A T4
O BTV AR IE S RH A SR R BN — B
)R, PRI, 288 2 v A R 1 — T LR i B
F B R AR A . AM BRI BEIE S
AR BETRIE B 1 A G i S SR LAY
B , felr 7 A S i B R T L v AP , B
TR R TR ENRAECR , Ak, BEE VS AR Ed T
DR v 20 SR EAT AN [ A v 20 1] 58T, DA LA
— SR R AT, DU SO g 2 1 (18] 4b
Bz ) o Wehh , AMASEREAY I 1E BT T30 N T T Tl AL
i N b IR XU A GE ™ AR A B A A
¢ N TRE BT L R AT A MR AR5 B 4 3 3 1
TR BRI o
1.5 AT

AMOXF = il A28 AR AR SN, B B R
XIPERERY SR TE. AM T 20T LI AT Wi BE | 5 4%
TR I B 2R A, 3 B A s N P A RS e



5 6 1

EOE G R S A B T BT 873

(Al 1 ELAT B 3 . AR e W RS H0 i i A
— T (A3 AL, A5 T AN T R A Y
AR AR, 1M H— A8 Z IS B s 2 2 /i
02 R R L R A AT AR L, A A G i O 12 il i
BARAR 15, [] 2 dh) 3t ot A P A v e A o i e o
LG8 3 AR A il i S22 1M A 2 A e g 7= b
T A AE 123 A BR , T AM AR N A e i o i
SRR T AT e

IS 0 & e ) T Bk R B AL, LGS
BTSSR LB i i 400 s ) R~ B i) i i PR
il o X LB RS TR RS R, 25 TAHL
PSR H, TR SIHLHLIMS H1 8, B A
AR BETT AR RE RN LA AR PR 9 T A 450
A TAERAAR AR AS R, Saltzman 25 il 1& T —
FRHLALIMA A2, 23 S R B R AL G5 H 40
FIPIAS R ENRCREH 10% #2537 142%™, Garde
FIFH AM £ AR Br 2 4 A 3% B R, il —Fh 2
J PNRRRRAE B /N AR S A A F RS Y 22
SHEEAL 4T & R Twente 5 K3D /A FEIS1E, eG4
W TF & T B EEFE A v 2 T ik v HIAh5E (18] 5a Jir
) W T A A L RS A 03 A A AR A, AR
BE T O A v HPE B L B AR R R
HIETAZvw] 3 2011458, 307 TR AM gt k&
2% RRGER Y 4 SR A AE B, o 5 ok LAY 11y
SEBETE T — P A2 B I A5 1 A O 4 2 4 (&1 5b Jr
7)) B2 e ] AM BT i, s T

a HB)LIEA A SH ) b etz

c TR EHRAZHIEZY  d CPU-FTRI AT g4
E5 AT HER IR RG]
Fig.5 Application cases of heat exchanger design
—Fh TG0 R A8 Y s R e 4 2 (1] Se i
) AHTE AR A BCAE TG R A T A4 AN 23 S
K, 5 Z AT AH L, B S b T 2000, AR
BT 20964 ARRMER2EZ AR IR RS &

T AM i3 HH—Fhopr RIS e (8] 5A FTR ) L 1%
Vo A ZR GE s H i v g b 3 5 AR ) B T e B
RE, Ve AU R ) 1y

2 EEEHHIENEG TR

AM T 253 18 nl B VR RRE B i > 21—
TR =42 Tl ARG AR RN AR A e B e ¢
AL PR BB 2 . (558 3 AM RG LA —
ASEERE T ), AR T 1) — BB, 2 R 3
AR R — R 2. 5 4E VTR Z kS, 80T
AM F A0 1) Sk A AU B 9, X il
G AE B 2018 A4 i 1 (Extrusion-based Additive
Manufacturing, EAM) G R 3#E iEst [, 4
] S P AN R P ECR A LAE RE T R0 BRI,
HRAS it R AE T A Ak 25 ) S i B 55 A 1) 45 1)
SRR I3, PRI G T VR 20 B g 45 1) S DA T
FIFH I — A7 A 1) 3k 5 oy ik [ R ) DG B . 52
HARA W HAERK KR (g 8% 5 5 0 1% Y]
FHIE REARER TA KO IR &, i AM T 2 i
e FR 2 T 7R A2 O 2 far 6 A 7 R AT Rt 3 A
FE M RS B KRR E 1 5 AR I ) K/ NFI T T A+
— BB AR B U E R B[R], s T A4
REETCA DT 35 21 < )R FL A (40 Masania 45 )
EAM fft 8BRS 5 W) o+ ERE VT 1V 1 07 10 40
R UM RB L T AR S AR o

Z i o i =BG A4 ) & (Mult-Axis Extrusion-
based Additive Manufacturing, MAEAM) % filf | Jit
A 3HEAM BRI, AN PR BT B — 0 g 1
MR Z 0 Ak . BOFRE(ZRIES) 5801
2N ) A e T AR N R 454, AT
BAE SR X H T 7R A2 AT 1) — bR B I 1, 3 A R A
AR U A1 TSR], T AR N AN ], 2%
WL 2B DL E RE AN R . MAEAMUA T
SRS [ AR R A B R S AT R S
TAEM R AR T R 5 A T INA A A0 T R B
FIRTREME: . AT LA EAM T 20058 XT 42, WZ N #L
TR R T IR A X 22 T ) ek DL R T
O3 Z TP T7 T ST U R A T
2.1 ERBUEHL

T2 A 1) SR AR 220 2 [ I B2k b 1Y
Z TSI NP A 5 R ) R R
1 B HUACPE RE , AN ] A0 B0 4 Xy e A ] 1) 7 g
Mo ARG A B 3 B TR R U E R, K



874 [l o K 2 2 MCH 9K BE 2% O

%48 %

Z R SRR R, IR R 2 bR T 1Y
WA EE o Gardan S5V DIBRHERLRCE AT 42, LR
HRAE N 1 S 0 5 A5 S 35 5 Jr =X B0 il
T REA B ALAR A BE , & BV L 1 07 ) S BT R B
Kty J12E R L T e AL Gokk =, FLh s 4 45 K
A HEET 459 Ze 47, Stauben 25574 B4k B A
RIS HE R 74387 485 5 04 pRE, B AN By J2: 7]
A A oA 2T 7 2 36 1 B S T S A A
Wang &I T —Fh 51 2 T 8945 10 520 5 1o
AREARVC I R S MO AR S B PR BE .
Ab, S S R R T2 NS T S GAR
25 ) SRR B AU AN ], 5 45 1) S
ETREF (NG AR ABS g IR eF 4 ) F 1 5%
(VL5210 A G 5m 27 2 T RE 1) 57 235 bR 1 4 ) 3
WAELE TR 2 N SR AT A (B 2T 4 3
Y SR ) 7 T T2 A MR S R
R R R PR BE XTI
Rl R RE R ) T R EAE A R
WY, W R 4 A 7 0] 5 AR far ) AH 25 10 B2,
PUIMEfE £ FRE 80%6) . Kam Z&5 353+ T I J1 £k
TEAM H R B 9T T T R 0 2R AT 0 Rl TR
i (FDM) LA Ik AM 45 ) S48, I 0 H KUKA 75 %
MLER NEAT T S35
2.2 BIEFHEIEEF

A3y )5 M AR AL RE [R5 2R 2]
TN B SCPE S5 R TEHLRE FE DL B s 3R %5 . B
AR, EAM R0 5 S J S RB AR K
PR B b e BT it fan 28 A 194 Jr 1, 3 L A s T
(14) B i) o7 e R L RS A 7 A S T 1 SR A
ZE50% e, MRHE S R Z RERAN N Z D)
TS PR B A = BT A DL R BT BT IR BE L AR
P A 1) 52 1 DAL AR A1 1w, A0 (o s Ty [ 5
P 77 1E 32 S5 0] LU THE A I ML PR fE . Klahn
AEOR O R AN ST A TR E 22 I L N 1 e
J7 AT A LA AR s LA RE . Hambali ™ A58
T IF R A R e e R d 1 ), B A
AT TR, D) 35 7 [ 1 1% 98 B F320F- 18D 5 1 4
RBAFAFAEFLIXAE W RRAE W 5 Ty 1) % AT T
FL ) Bt 4 25 A U] Can [R) 4% G sl A i s v < Sl R A
X T AR ke 5 7] B4 B 2R —
“EAMFHIE”, REEA — @ R AT a8 HXT EAM T
RN R LA SR T S R AN e R
05 6] R W [RI RE T BRI SE ) . %5 22 LT E
RIGZAF, 2 BEH R IR SRR DL R B R Br

530 (4 T U e A0 ) A 1R S R b B B 0
B, B T B s T BE R R R e A, T 4 Rt
Hefid .
2.3 BN AEEE

i RAL 58 3 3 EAM L RE U & 5E 1 — 4~ 77 1)
FTERIIBIEA | LA RALER A BB T2 X 5k . 207
) s R I ESE S . Yerazunis ZE5V3E T 3%
AIATLARE F 2 A R BEMURT &5 FTER I T 15 R ) 2K
BRI T i S Ge AT B LA, s i 4
BT 4. 54%. Tam Fl Mueller {5 11 6 B LI £ )7
ATENH T H MRS 1 R R B AU IIE
THATEN AR5 1 105, HHA 300y (1) 3R 1 o
o WuSE Y DL SR A s 7 HAR & T
DIFTER Rl RR B 3k [ 2, LA AN TAE - & A Xtz B)
(2 )5 s EAM &40, Ishak 25 N AU SE B0
T2 S =Y T X £
15 PR T 5% H Sk B ATk M AS AT A M 2 1 BT B )
R I Wul S R TN B Bh DLk S T
(771 AR 5 P BAT — 2 1 R BRI ASRe itk BT
AT WRE, E X R RSEZEFTED, Song /5L
TR 0 PR B AR R MR AR T T, XA
AT ENR A3 T ARG R B A B R R S T
R H 1 DX S8 R 3 T 0 2 LA SR LA AN Sy i
filh, A FERNFAF R JRAS . Tang S 4 H T
25 R UARTREAIE [R] B 388 1 4 v X3 4] 4D vk B,
SR T8 T IV 7 1)L, EL I A Rl 43 X 1 8 A3 4
A 7 IR R 2 T M. BVE B AR T
EEES T A E e U Ap o iAo e U&= 3]
Jo i B AT v ORI
2.4 HESEREIEIT

T Al v 0 2 ) T AR i — R
A M RRAE e R 2 sl s 2 T ER I A
R EAM BRI . — 5 xF EAMZF A
A /NRSE HOCHE R 2R I RRAE S I, SR S G0 F-1H
JE F ISR LR = AR B B RN 23 FEAR AR 2 1
Jo sk, T EL B0 FH R B 1) 3 DR A T 118 S ke
FEAIE T ot J2 A0 B A T LIORS T R fR I 2R
AT REAE L% 1 5 i B 8 P LA T 2 T B A
T3 7 T RGBT 2 A fR7 B RO B ]
DASE Ao S0 0 3 Ty 1) el HT B B AR Y N7 T L
2 ASEBR TO0 T A4 32 180 B 4%  ARMEE 13 AR
RIS )Rk kAo S AR T ER B AR BZ R . S T
N7 3K 6 T AT % () A8 A 25, U2 B 28 LA SRR
TR H T 2 E A R . Guan S5 HFSE T AN IR]



5 6 1

EOE G R S A B T BT 875

2 M T2 XA i 5 B A RE e, JT S AR SR 43 )2
AT T s A it 2 B A A P A R
Khurana 88 S BF5E T i 112K 1 28 A 244 25 i
SR EE SR, R AT S TR g 2 W A it 2 A
HA sy a5t tEne. R h w2 sl 57 s
G EMZ R — e R LT e
MR ST M2 U1 5 80k Jy 1 ey o
5%, Llewellyn S5 & 11 T —Fh A sl A48 sl th )2 19 5
2 2O A M )Z ) R B AT RE . Mecaw Fl
Cuan ™R H T — i AL =0 1 DU 2 R il v A i A
SEERY 4k . Huang fl Singamneni ™ - 1 8 A
PO UL Ss & O RHR G U Rk s i T =
ARG SE ) U Tz kT T s R R .
IR HZ ) R 8RS 1 T AM A0 LT RRAE A
HE RHAE , 255 ZAF N T RAE R AR e i Bk
DLtk AR AMEIR GV R B A R

3 KREWHB

TE 453 DEAM B 250 350 F0 T 205 HF
YR SERN L, X AR ST K S B A T

(D) AM ZF—{& ki1t

AM ZF iS5l — ik . AM £ AR AL
G AR R B v T HA B R SR
A AM Z BT REB A 785375 18 AM il i 5
AREEE R T2, S BT 5 6l A FE
BT AT . PR, AM 5 s R 7845
filG  E BT A A 78 43 7% S AML ) il 18 R 4
YE, DS A s F R . [, 78407%
&AM BYRFE N2, SEEBMN AM 350315 il 1 11
2y B B S R A — AR

AM Z LSRR — R, 15925 T AM T2
B R 1) 22 ROBE R, AM A4 R 5 45 A8 1
MR, FE o 1 o R A R RN 25 A [ e A
B, BI04 F2 A 2254 e A A A S, A W AT B0
(R R B R B IR AR 454 , 302 AM A1)
FHFAE . I, AT HEA T AM B G5 R Fn kR 22 R
FE DM R R — A R R

(2)Z REEF A MR a5 ey s 11

PR 2548 B AT 5 R 434 Hh e 25 5 J J3 e
MR SR BT, LASAIST | [RIAA A FRLIR 4 4 R AR S A
Sk BRI LI R R E A I TR 5%
PERIRE 135 AU, Bt IOFAS R e A 5 i e i f
S5k BLAN, AT HR AR H O T AT I an

FiFd JUT A RO SRR B 1 — B A |
WA TR A Al ENIe BT, REEZR &
JEBTHAS B R 25 H Fe A VERE R R o

ESN A GIEUR s d T IR A/ { NI [Ny VAN
T35 53 far (/N Tyl HEJBT) 0 3 3 0 ST, S5
A5 [RI 4G R 4544 ) 5 28 mmr R A A 1 5) Al
MLARGEF BT 57 i — DR A5 S
R R, B B RR MG 2 m R
R B B A A 22 RUBE R B LA ) 53 Sy 2
ST B AR FMIAE 02 T B OR S5 A AR A
K BTl T B 0 SR RO 55 2 J2 i Ak )
L, X ABLAA SRR T AU T PR W 25 R
B2 VORI ) ) | I D B i ¢ XS 55
RGN T N N TR B = S 5 7 N5 3 (I S
PR o S S B 2 SR 00 L 3 Sk 38l
{55, 38 b AN Wy A ) AR o DLIS B U 4544 50t
Hir.

(3) T A ZAFPERERY AM T 213t

HEOCP R T A A R K ZE
KV AL AM T 2800 H bR JE MR S s 2 T
AR Bs 6], R AR EE b DCRE - J5 A L ey 22
SR M AP RE R " T MR oA A 1) 5 &
PFSEBR TOL N Irs PEREAH PR FE B 25 i) o T
SN AM Z - BE A AR AS it PR T 20 B R &
PERPERE#S 17 S 5 S0 bR T B PERERR SR IL
e o PRI, anferi ook T 20805 | S A i 45 1) S e
SEPC UART A BRI XA SR i R P RE R
Kokt

DA ) ZE LA PE R I AM T it ), &
WA B ARt T2 b e 11k
A B = A Be S B0 AE B AR REERR
FEEE B iy o PR, wTAR S N 45 B AR R =
TR E, ST T AM 3 B2 b RHE A N 1 43
AT R T AR 25 1) Sk, (A5 0 b Rk B 2R 1k
Y52 AR AR X LT A A2 10 ) H O T 2 )2 0 R e
Wl AR 25 R o E— 20l PR L T AN T R i
T LA, AT B T 2450 -1 R (Process-
meso Structure-Property, PSP) J¢ R M T 42 5
TN DY MU RE FN 45 A 25 RE , S8 B AM Z 4 L
far” 2P RE” B RE AL E ], BOR AR 7 R .
BEAN, PSP N 7E WS HLBE A o] DL F 2] i ) B A )
YA ey e g, aniw e iR (Y B e
YIS G B, Ao 5 T PR R R 4 S AM R A
BHER B T 2%



876 ] 3 k2% 2 RCE R B 2% ) 548 %
B SN 50
FRRBE10mm) | BB | o 01210 mm) RHAR BUIR BE(<0.1mm)
GIREEAE:D) . (MR G5 44) R RN
y A 4 \ 4
ZIRME EPI
R AL LARECCR HOR G542 P RUARE R SRR AL
CHnT) <l RSN L) ” (f5nT)
A\ 4 A 4 A 4
HRRETHERE, 5
S HMR A4 PR AR 273351 R il 5 P X %Egﬁ%g%ﬁ%ﬁ
KL 1 BT TR A R TV i i Wl
L i AR TR AT B Al TSRS
ﬁ%mi’&c yﬁm\”ﬂ"]}i‘ﬂ‘ﬁt’f’tu
E6 %RETSMERKERIZTHREARRS
Fig.6 Research outline of multi-scale heterogeneous cellular design
T — T — [ —
TR i i DX IS L] AR 205 LU GEBERE | |
CAD Model :IE; 153/ A L | MR | R . KAy |
piEe —— S 2E SR
4 | ﬁ—»ﬁi [ | ! I :
v i :ﬂ”, 0] v 1 1 L !
IR il el o Lt [sommmoonmras | L[ RRE RSy |
FEA : A = VIR ERS I : : » qzﬁ/%ﬁ]‘(%ﬂ)ﬁu e : » (?ﬁ%ﬂﬁﬁﬁ%[f\] :
:@E ? o ! : R HIER) !
2 s 1 1
\ 4 :Eiﬁ’ﬁ A 4 1 A : : : : :
R TR ey [, L esuwumzs L sosmsoorases | !
(F R A #UEELL/PSL) U g 2t BT ) i 1 (B 5 MRl AR )
|| T —————— I e B =
! l { !
| FEHEK R T 255 MRTRE & BERERT
| GHEPE. BRES)%E (EHL/L0H) REE. RIFES)
|
|
| i B e
b o= emiemion o= o= oo T & = = (W) == <] T RE
14 14

E7

ERZEHMEEN AM T2 AL

Fig.7 Research outline of Performance-oriented process planning

(4) B LEb A AEg o AR T 28T

5 LG S G A ] 5 B (s AR J TR 4
AR A1 SRR R B R B G R B SE ) A L, 2
T EAM &S 21 AE 5 S G MR T 200 245
FET AR R, RSB R AR Z S R A
APl . DLES AE s IR VE R S Wy TERE
AR o F bR, R 1 S22 A A A
REWNIECR, R & BB E R TUR Y EAM T
LIS BB RN S R S5 ) — AR AL OE 19
AM AR . SEBURA B I RRLY o 2 R (B
AR W) AT RN 3R I G BORL) R AT (r] e

JE [ 3 50, A% ) S0k AT ) I S AT A A L.
B, o TR ET A BAT e (9 S LR RE , 1 A P A
FORHRAT R i 4 VR, I D n] DL i 5 B
A B 2T AEAE AR R YSE ], BT R HL R
e DI RE A B AR X T A R O S
PRl RAT B

4 g

AM A Y AR ] 38 H A B i, o o %2
R PR BTk Y # i, Bt R TR 5



5 6 1

EOE G R S A B T BT 877

BT REYE , A B f KR B A2 98 R A AM AR WS
FIROEH . NGB R L 25 A 5 TR &
GEie ik 1 AM BYECFBOT, 7R A AR
T SR AR EE A BT ML T 320 ) a2k i
TSR A RS . — 7 A RS
He 583 DFAM A MR BT S 5070k SR
T AW A R R R Bt 53
—J7 0 T BT B e i n] it |l il 45 1w
SPERSE R T 2B A%, SCBLS A 2 AR E R
R RERIEE A AR BERE §, 38 i Z PR RE SR I
NS5 A S

SE K

[1]  DURAKOVIC B. Design for additive manufacturing: benefits,
trends and challenges [J]. Periodicals of Engineering and
Natural Sciences (PEN), 2018, 6(2): 179.

[2] VAYRE B, VIGNAT F, VILLENEUVE F. Designing for
additive manufacturing [C]// The 45th CIRP Conference on
Manufacturing Systems 2012. Athens: CIRP, 2012: 632-637.

[3] ZHANG Q, YANG X, LI P, et al. Bioinspired engineering of
honeycomb structure—using nature to inspire human innovation
[J]. Progress in Materials Science, 2015, 74: 332.

[4]  GARDAN N, SCHNEIDER A. Topological optimization of
internal patterns and support in additive manufacturing [J].
Journal of Manufacturing Systems, 2015, 37: 417.

[5] ESCHENAUER H A, OLHOFF N. Topology optimization of

a review [J]. Applied Mechanics
Reviews, 2001, 54(4): 331.

(6] kg, ¥ TR . N T Sl i) 4 Jad e P R 1S A il i e AR

[V, R, 2015 (9): 684.
LIN X, HUANG W D. High performance metal additive
manufacturing technology applied in aviation field[J]. Materials
China, 2015 (9): 684.

[7]  BEYER C. Strategic implications of current trends in additive

continuum  structures :

manufacturing [J].
Engineering, 2014, 136(6): 064701.
[8] From the 3D Printer into Space [EB/OL]J. [2018-10-28]
https: //www.altair.com/NewsDetail.aspx? news_id=11062.
[9] ORME M E, GSCHWEITL M, FERRARI M,
Designing for additive manufacturing: lightweighting through

Journal of Manufacturing Science and

et al.

topology optimization enables lunar spacecraft [J]. Journal of
Mechanical Design, 2017, 139(10): 100905.

TOMLIN M, MEYER J. Topology optimization of an additive
layer manufactured (ALLM) aerospace part [ C]//Proceeding of
the 7th Altair CAE Technology Conference. Troy: Altair
Company, 2011: 1-9.

GALJAARD S, HOFMAN S, REN S. New opportunities to

in  metal

[10]

[11]

optimize structural  designs by using additive

manufacturing[ C]//Advances in Architectural Geometry 2014.

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

London: Springer, 2015: 79-93.

Altair announce additive manufacturing partnership following
[2016-06-15].
https://www. 3ders. org/articles/20160615-airbus-apworks-

3D printed motorcycle project [EB/OL].

altair-announce-additive-manufacturing-partnership-following-
3d-printed-motorcycle-project.html.

CANSIZOGLU O, HARRYSSON O L, WEST H A, et al.
Applications of structural optimization in direct metal fabrication
[J]. Rapid Prototyping Journal,, 2008, 14(2): 114.

GU X, ZHU J, ZHANG W. The lattice structure configuration
design for stereolithography investment casting pattern using
topology optimization[J ]. Rapid Prototyping Journal, 2012, 18
(5): 353.

GAO T, ZHANG W. Topology optimization involving thermo-
loads [J]. Structural and multidisciplinary
optimization, 2010, 42(5): 725.

YANG L, HARRYSSON O, CORMIER D, ez al. Additive

of metal

elastic ~ stress

manufacturing cellular  structures:
fabrication[ J]. Journal of Management, 2015, 67(3): 608.
ZHENG X, LEE H, WEISGRABER T H, et al. Ultralight,
ultrastiff mechanical metamaterials [J]. Science, 2014, 344
(6190): 1373.

CHU C, GRAF G, ROSEN D W. Design for additive

Computer-Aided

design and

manufacturing of cellular structures [J].
Design and Applications, 2008, 5(5): 686.
CHEN Y. 3D texture mapping for rapid manufacturing [J].
Computer-Aided Design and Applications, 2007, 4(6): 761.
NGUYEN J, PARK S-i , ROSEN D. Heuristic optimization
method for cellular structure design of light weight components
[J]. International Journal of Precision Engineering and
Manufacturing, 2013, 14(6): 1071.

SANTER M, PELLEGRINO S. Topological optimization of
compliant adaptive wing structure[J]. AIAA Journal, 2009, 47
(3):523.

YAN C, HAO L, HUSSEIN A, et al. Evaluations of cellular
lattice structures manufactured using selective laser melting [J ].
International Journal of Machine Tools and Manufacture,
2012, 62: 32.

Rigid Vibration Absorption Now a Reality[ EB/OL J. [2019-02-
05]. 3d printingindustry. com/news/rigid-vibration-absorption-
now-reality-90650/.

The Orthopaedic industry is reinventing itself through the use of
Additive Manufacturing[ EB/OL . [2019-03-25].http://www.
betaty.pe/services/.

Lightweight Lattices Liberate New Product Performance [EB/
OL]. [2019-05-15]. https://altairenlighten.
lightweight-lattices-liberate-new-product-performance/ .

DIAS M R, GUEDES J M, FLANAGAN C L, et al.

Optimization of scaffold design for bone tissue engineering: a

com/opinion/

computational and experimental study[J]. Medical Engineering
&. Physics, 2014, 36(4): 448.
Boeing has developed the lightest metal on earth [EB/OL].



878

6] 5% K 2 2 (A 4K BE 2 B

%48 %

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

[42]

[2019-04-14].
guinness-world-record-for-worlds-lightest-metal /.
TEUFELHART S. Investigation of the capability of flux of
force oriented lattice structures for lightweight design [J].
Advanced Materials Research, 2014, 907: 75.

YANG S, TANG Y, ZHAO Y F. A new part consolidation
method to embrace the design freedom of additive manufacturing
[J]. Journal of Manufacturing Processes, 2015, 20: 444.
PRAKASH W N, SRIDHAR V, ANNAMALAI K. New
product development by DFMA and rapid prototyping [J].

https://inhabitat.  com/boeing-and-hrl-win-

Journal of Engineering and Applied Sciences, 2014, 9(3): 274.
The LEAP fuel nozzle[ EB/OL]. [2019-05-01 |.https://www.
ge.com/additive/industry/aerospace.

MURR L E, GAYTAN S M, RAMIREZ D A, et al. Metal
fabrication by additive manufacturing using laser and electron
beam melting technologies [J]. Journal of Materials Science &.
Technology, 2012, 28(1): 1.

MUELLER B. Additive manufacturing technologies—rapid
prototyping to direct digital manufacturing [J]. Assembly
Automation, 2012, 32(2).

SCHMELZLE J, KLINE E V, DICKMAN C J, et al. (Re)
Designing for part consolidation: understanding the challenges
of metal additive manufacturing [J]. Journal of Mechanical
Design, 2015, 137(11): 111404.

CAMPBELL R I, JEE H, KIM Y S. Adding product value
through additive manufacturing [C]// The 19th International
Conference on Engineering Design. Seoul: Sungkyunkwan
University ,2013: 259-268.

BECKER R, GRZESIAK A. Innovative Developments in
Design and Manufacturing[ C]// Advanced Research in Virtual
and Rapid Prototyping. Leiria: CRC Press, 2009:748-762.
Hydraulic block manifold redesign for additive manufacturing
[EB/OL]. [2019-02-01]. https://www. renishaw. com/en/
blog-post-minimal-manifolds-shedding-more-material-boosting-
performance-38949.

GARCIA M, GARCIA-PANDO C, MARTO C. Conformal
cooling in moulds with special geometry [J]. Innovative
developments in virtual and physical prototyping, 2011,
58: 409.

ALTAF K, MAJDI ABDUL RANI A, RAGHAVAN V R.
Prototype production and experimental analysis for circular and
profiled conformal cooling channels in aluminium filled epoxy
injection mould tools[J]. Rapid Prototyping Journal, 2013, 19
(4): 220.

SETAKI F, TENPIERIK M, TURRIN M, et al. Acoustic
absorbers by additive manufacturing [J].
Environment, 2014, 72: 188.

CHOI J-W , YAMASHITA M, SAKAKIBARA J, et al.

Combined micro and macro additive manufacturing of a swirling

Building and

flow coaxial phacoemulsifier sleeve with internal micro-vanes
[J]. Biomedical Microdevices, 2010, 12(5): 875.
DUPUIS P, CORMIER Y, FENECH M, et al. Heat transfer

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[53]

[55]

[56]

and flow structure characterization for pin fins produced by cold
spray additive manufacturing [J]. International Journal of Heat
and Mass Transfer, 2016, 98: 650.

SALTZMAN D J, BICHNEVICIUS M, LYNCH S P, et al.
Experimental comparison of a traditionally built versus
additively manufactured aircraft heat exchanger [C]// 55th
ATAA Aerospace Sciences Meeting. Grapevine: AIAA, 2017:
0902-0914.

GARDE K. Design and manufacture of an oil cooler by additive
manufacturing [D]. Minneapolis: University of Minnesota,
2017.

Electric Superbike Twente and K3D redesign and 3D print
cooling system [EB/OL]J. [2019-03-01]. https://www. 3
dprintingmedia. network/electric-superbike-twente-k3d-cooling-
system/.

HIETA uses renishaw metal 3d printer to take heat exchangers
from prototyping to commercial production [EB/OL]. [2019-
01-01].  https://3dprint. ~ com/198933/hieta-renishaw-heat-
exchangers/

RADERMACHER R, BACELLAR D, AUTE V, et al
Miniaturized Air-to-Refrigerant Heat Exchangers [R]. [S.1.]:
University of Maryland , College Park , 2017.

Additive world awards designed and 3D printed by Addlab[ EB/
OL]. [2019-05-08 ].http://addlab.com/News/Additive-world-
awards-designed-and-3d-printed-by-addlab.

JINY A, HE Y, FU J Z, et al. Optimization of tool-path
generation for material extrusion-based additive manufacturing
technology[ J . Additive Manufacturing, 2014(1): 32.
GANTENBEIN S, MASANIA K, WOIGK W, et al. Three-
dimensional printing of hierarchical
structures| J |. Nature, 2018, 561(7722): 226.

GARDAN J, MAKKE A, RECHO N. A method to improve
the fracture toughness using 3D printing by extrusion deposition
[J]. Procedia Structural Integrity, 2016, 2: 144.

STEUBEN J C, ILIOPOULOS A P, MICHOPOULOS J G.
Implicit slicing for functionally tailored additive manufacturing
[J]. Computer-Aided Design, 2016, 77: 107.

WANG Y, CHEN Z, LI H, et al. Theory and methodology

for high-performance material-extrusion additive manufacturing

liquid-crystal-polymer

under the guidance of force-flow [C]// Solid Freeform
Fabrication : Proceedings of the 29th Annual International Solid
Freeform Fabrication Symposium—An Additive Manufacturing
Conference. Austin: University of Austin, 2018: 2063-2073.
LUCA D. Design and manufacture of optimized continuous
composite fiber filament using additive manufacturing systems
[J]. Journal of Material Sciences &. Engineering, 2017, 6(4) :
1000363.

MATSUZAKI R, UEDA M, NAMIKI M, et al. Three-
dimensional printing of continuous-fiber composites by in-nozzle
impregnation[ J]. Scientific Reports, 2016, 6: 23058.

MA T, GAO H L, CONG H P, et al. A bioinspired interface

design for improving the strength and electrical conductivity of



5 6 1

EOE G R S A B T BT

879

[57]

[58]

[59]

[60]

[61]

[63]

graphene-based fibers[J]. Advanced materials, 2018, 30(15):
1706435.

TAM KM M , MUELLER C T, COLEMAN I R, et al.
Stress line additive manufacturing (slam) for 2.5-d shells [J].
Journal of the International Association for Shell and Spatial
Structures, 2016, 57(4): 249.

DUTY C E, FAILLA J A, KIM S, et al. Reducing
mechanical anisotropy in extrusion-based printed parts [C]//
Solid Freeform Fabrication : Proceedings of the 28th Annual
International Solid Freeform Fabrication Symposium ——An
Additive Manufacturing Conference. Austin: University of
Austin, 2017: 1602-1612.

KLAHN C, SINGER D, MEBOLDT M. Design guidelines
for additive manufactured snap-fit joints [J]. Procedia CIRP,
2016, 50: 264.

HAMBALI R H, SMITH P, RENNIE A. Determination of
the effect of part orientation to the strength value on additive
manufacturing FDM for end-use parts by physical testing and
validation via three-dimensional finite element analysis [J].
International Journal of Materials Engineering Innovation,
2012, 3(3-4): 269.

YERAZUNIS W S, BARNWELL IIT J C, NIKOVSKI D N.
Strengthening ABS, nylon, and polyester 3D printed parts by
stress tensor aligned deposition paths and Five-Axis printing
[Cl.
Annual International Solid Freeform Fabrication Symposium -
An Additive Manufacturing Conference 2016 1259.

TAM K-M M , MUELLER C T. Additive manufacturing
along principal stress lines [J]. 3D Printing and Additive
Manufacturing, 2017, 4(2): 63.

WU C, DAI C, FANG G, et al. RoboFDM: A robotic
system for support-free fabrication using FDM [C]// 2017

Solid Freeform Fabrication: Proceedings of the 27th

IEEE International Conference on Robotics and Automation

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

(ICRA). [S.1]:IEEE,2017: 1175-1180.

ISHAK I, FISHER J, LAROCHELLE P. Robot arm
platform for additive manufacturing: Multi-plane printing[C]//
Proceedings of the 2016 Florida Conference on Recent
Advances in Robotics. Miami: FCRAR, 2016:146-151.
SONG P, FU Z, LIU L, et al. Printing 3D objects with
interlocking parts [J].
2015, 35: 137.
TANG Y, LOH H T, FUH J-Y-H, et al. Segmentation of
dimensionally-large rapid prototyping objects [J]. Innovation in
Manufacturing Systems and Technology, 2003, 10(2): 101.
GUAN H W, SAVALANIM M, GIBSON I, et al. Influence
of fill gap on flexural strength of parts fabricated by curved layer

Computer Aided Geometric Design,

fused deposition modeling [J]. Procedia Technology, 2015,
20: 243.

KHURANA J B, SIMPSON T W, FRECKER M.
Structurally intelligent 3d layer generation for active-z printing
[C]// Solid Freeform Fabrication : Proceedings of the 29th
Annual International Solid Freeform Fabrication Symposium —
An Additive Manufacturing Conference. Austin: University of
Austin, 2018: 2413-2423.

LLEWELLYN J T, ALLEN R, TRASK R. Curved layer
fused filament fabrication using automated toolpath generation
[J]. 3D Printing and Additive Manufacturing, 2016, 3
(4): 236.

MCCAW J C, CUAN U E. Curved-layered
manufacturing of non-planar, parametric lattice structures [J].
Materials &. Design, 2018, 160: 949.

HUANG B, SINGAMNENI S. A mixed-layer approach

combining both flat and curved layer slicing for fused deposition

additive

modelling [J]. Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture, 2015,
229(12): 2238.



