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Abstract

3D printing technology is developing rapidly in recent years, it is widely used in all walks of life
and receives more and more attention in teaching. In this study, we design a questionnaire to in-
vestigate the application status and demands of 3D printing in aquatic science teaching, and de-
sign 3D digital models according to the survey results. We use FDM (fused deposition modeling)
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and LCD (liquid crystal display) photocuring two desktop level 3D printing technologies to print
typical aquatic science biological models including Cephalopoda, Gastropoda, Asteroidea, Crusta-
cea and Microalgae. We also compare and analyze advantages and disadvantages of these two 3D
printing technologies and the applicability of printing different models. The results show that the
above models can be realized through 3D printing technology and applied in teaching, and the
suitability of FDM and LCD is different. The problems and prospects of the application of 3D print-
ing technology in aquatic teaching are put forward.
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1. 5|15

3D FTEIRTE 20 th4d 80 AR H B — P AL G RAR, I RBEE T RN, BRI
FTEN RN UERf L3 A o m[L], JCH RS 3D #TE1, fECRFFM SRR EINT, M RETE bk bRz
I TolZk 3D FTER[2], #E3) T 3D T ENHA M K RITESAT # WIS , R B R R 5] T T Kk
B LAEFH M H . 1R, 3D FTENHAR T DU LA AT AN A T, 7R f I IR F o s S 54T B4
B SHEEATEGE, FEAE LR QR M RE RN . AT DT ENAS [ SR Ml 1) & AR R AT N
filtn: AR T BT R ] TR B3RS, DR SRR . RALIRAE[3]: fENUI. IREE. BT
PR T ENRod 2% . VRZEZFAT . @PUBR 5 HAT IO U B# S FH DR AL [4]:  AEAE W ANEE ST £l
W ED B B 7 FLRE R AR AR, 9 An A P G [ AT B AR T B B s As,  mT LASEXT H A RHI Bt Bt Al
AR TG R AR A REA S (R, BEMBERE, RIS A ARRHE SRR 8 T B
[5]. FEKF=SRHENL A, (FH MY FOM SRR BB AT DN AR, RR8 1R 7 b 5 i o i
D) RESGUE AR 5 SEK B 77 S5 . Iidnse e s, o 1 SR iR 0 it e 1 f R TR i 75 ks FEAIR
FENT 2R 77\ SEEGIOIE RO S HL[6], & 1 SRR BEERIAR . 3D T EHARICRENS K H AT Bk B R 15
B, G S SRR R d o LA R T ED, LT s e Bl )7 1 AR e aA[7], Ak
s (T R 4 ARSI T8 2 T e

TEAZ 3D FTEIF AR d1, FDM (fused deposition modeling) (& E AR AL AR A B AL A & T4
FAM F IS T % 3D FTENFLA[8]. FDM KRl T AR pic 28 4 AR F Ji 0 2 o A e AR I i e ) e it 2 4%
) 4 R BUIR Sk B, TEAT B & LR EHER TR RO AR, R TG, BT, &
BUBREE T B, AR AIS . RREPELF, FESR 2K 3D T ENHOAR 54 3 E 4 Ar[9]. LCD (liquid crystal
display) & [E A4 AR E IR AE R LK T BB AL R B R R, JLRBURTERCFAE S 10T, $%I8Y) 5 seft
KI5 SAERFEML B L I0E B X4k, 284MGiEE T iE B XU SHOG B IR (L ik, B Z R FHT e AL,
FTERSRE s, RO PR, AT e 6 [ A Y 1 AR BRARARARR [10]

FEK 7 2RI S50 URAR A B 25 1R 22 M0 S IR AL SR 4 ) S5 B2 A2, ot H R 8 5 22 K AR AR )
NG A L0 TR, 8 T S YRR B AR AR . (R AR AR TR AR (3R,
TEEFEEB, AR, I HMRAEEIIAFE RS, (R . FRZ TR, &
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128 3D FTENECAREAEIACEA . MR Wk MRS 58 4 vl IEHC At AT R, (2 H A
R KELYR R HII R LD . RIAHE T FOM ERTTRRRAT LCD St AL Py Al i 2k 3D
ITENECOR, RIOUKP R RS L, iR R BV AR AR e B IE L 3D 4TENEARIEJE, Bl
BB SR H A o

2. HRIFIFA
2.1. 3D FTEP#HY

2.1.1. 3D BHER G

AR TR ) 3D AN Cinema 4D il Blender

Cinema 4D #2 H#&[E Maxon Computer J¥ & I — 3K e 81 =it i, HAR 7 2 NETRAA IS4t
fBcih, S WS ETFEEERL], A& 20 EBAEEZ AT RE, v DA AR A A
BT AT 40T PE B

Blender & —35F- &\ %AV =4 AE, TR 7 AT E RN DI, X 15 NAF RS 1 75
REAR, Br 7 @M IIRESN, & [ 3D Print Toolbox Hfifh, /& T 3D FTENMISLA T A, 4R EAT
IKFE SR AR MY R I

2.1.2. 3D Y1 B

AWEFLH, FDM J& RTRR BB AAE FH U1 B Cura 14.07, A £ & MATENSHT LR E,
BB AR R SE L BB B TEEE . 2R, RE. B SRR S A,
REME e s 2 PSS M AT EONL, DI VIR kS R mi[12] .

LCD Sg [k A F (B 1) Fr #2F 4 Photon WorkShop V2.1.23 x64, [RIREA] DL B $ w AL R
PSRBT BRI SRRV S S, IR MR — OGS, B REXTE B EEAT Sl A FI4T FL LA
M.

2.1.3. 3D #TEN® &

AW FEAL A ) 3D 4T EIHL ARG /R Ik Z603S 3D 4T EIAL(1E 1(a)) Mgk 4k 77 ANYCUBIC Photon Mono
3D FTEIHL(A 1(b)).

WK IR 2603S 3D T ERHLR FH R J&2 34 FDM S ki AR B, Ph4E~7 77 ANYCUBIC Photon
Mono 3D T EPHLR A # % K JE i) LCD JelE b EA

Figure 1. 3D printer: (a) JGAURORA Z603S3D printer; (b) ANYCUBIC
Photon Mono 3D printer

1. 3D #TENHL: (a) #RIE/RiK Z603S3D #TENHL; (b) YhHESTF5 Photon
Mono 3D 3TEN#1
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2.1.4. 3D ¥TENFEH

AT, FDOM JE RN B BOARSK F HIST ERA R A BROG 2R IR 1.75 mm ZEFLER (Polylactic, PLA)#
(I 2(a)). PLA LLENM AREL, SAVREE A MARR SR, B& RIGFADIMFEMELE. RIBHE, 1%
PERE[13].

LCD YA H AR FH 4T ERA R A L 7 0 2 WIS g (4 2(b)), 2B 5 AR TG 2R B A
HBIRFNERL, B 355~410 nm. Bl B FERIERAFA & AR IR, G s e A7 A e 1 |
Bfb =, PR SR R EE AT A [14].

Figure 2. 3D printing materials: (a) PLA; (b) Photosensitive resin
2.3D TEN#HH}: (a) BRELER; (b) SEHBIAR

2.2.3D ¥TENRIE

221. RR&KRSH

KL E K= FFRHRAE, X 3D 4T EPEIRTEHCE AR B DR AN 7 SR AT M 5, Rt
WCHL IR A5 92 4o A5 A1) 3 Fram: 78%IFIMAEXT 3D FTENAA T MR (14 3(a)), 66%MHIITA:-%F 3D &
BOEA T RE(E 3(b)), 96%[I A%t 3D T ENA Al SBR[ T fif 4 HR(14 3(c)), 54%HINTZEIA Ky 3D 4TEI
FEAR B B BT b B 1R B i 8 T 5% 3(d)), 90%F T A= AN 3D T ENS i i U B 4 (1 3(e)),
AN TT%I T A= DO TE RV LS o 75 265 B 3D B84 3(F). TEIE 4 FRiIgit &5 R p, A4 .
o AR, KPR TARME . R MSREREVEAE TR R E R . HEl, BT 3D FTEDHLAIREE . 4TE0
MR — DL 3D /KPR, ASHIT 5T E S0 2 Mg AR ) AT AT Bl

2.2.2. WFERIGH

AR M VA 2T, BRI SR =R 22300 A — B AR f) =41
BVE NS, DA U AR, UM S 2. S5 ST omig sk, #IEme. &
WRYG, Fe LR LA AT, & H TS A R, TR G, R T
BT R SLAREERI[15], 73 ADERE B — A o il ) st — A AR R Z I E 7 30, REmIE &Rl A9
MISEAIERI[16], AI{E LA @B SER t— 0 an ik, WML B R AL 1% F i, (B i
BREREAKPFERE . SECEBE s 72, e ORI 2 Ry 3 i, il
M. whe. B, A RIEE S T EHEMBEE, 8 S S HBOR BRI, & T R4
AR AL, 9] 02 THTEL AT 42U HE S AR S B 1 0 SR B o AR FT LA 3D H AT “H
FRERAE” KNG B (K A DA R AT 448 5 SR IO/ MR R R B A A R [17) . SE P AL S, 5 S
STL (STereo Lithography)SCff, 7EVIH U BEE S, U A EREAT I, o e A 4 i b g3
FRIBUHRE S W HARFT NS B S BT AL 5 FEAT B R it o
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S58 A BT IR R R A IR R, AWT IR B A 3D BT, A

K5 Bl

2.2.3. 3D TEN S IR HAALE

FRITENGE R, KM EFHEMNITETF & LEUF AL, X FDM ISy iR s R B ARFT BNy, T E i+
TRIES A, AT SR D8 2], PRI TR R, BT . k. L,
MGG AL FE[18]. X LCD JGEALFEARITENAER!, FMBMFE. 5, HUREUE T 95%iK FE IR
BAIEDE, FAEAE KT TR R, TS BB, TRAMEAT R e S0 [19], JHBE A
R Ak B TR) S5 A5 R R RN B L G5 R M FE 26 0%
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Figure 3. Results of questionnaire survey
3. [AIBIEELER

100%

75%

50%

25%

0%

(d) 3DFTEpfE s sl H A B2 A5

100%

75%

50%

25%

0%

(b) XF3DEMRY T AR B

5%
s

29%

66%

JEH T

[N

BA T

54%

iSRS

31%
15%
i F— ik THE

() FHIF S5 H i B SDA ALY 7 2

60%
EHREHE  BREER PEE

DOI: 10.12677/ae.2022.123111 688


https://doi.org/10.12677/ae.2022.123111

FER &

Hfth (fsiss)
1%

LH B

9%

RN E
10%

HR. w®E
16%

ST
ARG Y) 15%
11%
WA i)
12% 13%
K= TR it |

13%

Figure 4. Requirements of 3D printing model
4.3D FTEMERITER

RN P BORME

v

SRR i B R AT
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Figure 5. Design process of 3D model
[ 5. 3D REKIHRIZ

3. &R

3.1. FDM $TENER 5% =

AR JAEAR, FOM KRR R SR T BN AL LCD St R 18, MR 26 T ED A
FERV/IN RS TR G S IF TR, (EL AT B RE 48 A 13 512, X PRIR 52 /s o ASHIE TE R AR R (11474 0 98 Te/kg,
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ARG TENRBR RS BOR . SR RIVER s . RS RUR . RIA BB AZ8. S S E
PO WA, 25 BRI R AR R ) 2 I R RO, IR A R K T T B LA .
AT BT I AT L EORAN v (Ve A AR R AN ) B A D REVE « SRIRI0IEREAY , W] DA 3T 0 S ot
bt S e A PR R R R T R, SRR A

i FRZBOARAT ENROR R A RHE S MO 855 B BB YRR, DU AEM 2% E3RIE A 4
FBRRKLIR . BT M B EERL, N ORRFSSBVER IR ITED,  IRIAT BN RS BOR. #E3T B
REREAR, DURAR T AR AR I — T 9 S CLIRk D 2 - T/ SCHE XA R R T A S o o bk 5 I )
A SRR B R A, B ECE KT TREAT BN R 3R B R T3 AN RENS I A BB AL M A H R k1
0L, XTSI A I e SR g, 12— L BT A, T DASRE e T BV R, T BRI i
BRPRIATI R 3% . H1I 6 STENZRRE, Shad. JEaN. HEEN. W2 ML S s dy)
HmT g H] FDM AR REORR BT ENPLE AT B, 38 B s

*29 OB BEM
Cephalopoda ! Asteroidea

-
X

-

HRHN PE 2 4

Crustacea Gastropoda

Figure 6. Model printed using FDM
[¥ 6. FDM £ ARITENREY

3.2. LCD {TENER G454

LCD St BOARIT BV 4% 2 B A A, 2 AR R RO AR T e 2Rk B bR, 5 P [ RO 2R o 75 1)
I IRVECHE, (AT ERAR O R 2% . SCBM IR Sy 219 Juikg, AR, AN T A RA —E
(KRR REYE, FEFHDC I T Sy 4k, DRIAT BN PR B ORI AN o T BT RIS 32 3 i /)
PR, BEAESS, SREE. BITEBAR, AR G BT BN 5k Hos iR . RS
BERRTD T, MRS, X, B, RN RS RIFEM. SOERS X HXMRRR
TN o PR A A A R 0T oA NI B AT LT ED. FDM AT LCD
RIFTENGE R EE WA 1.

BT, AEZBORIT BN A 1 R R . S AR, IRANAT L, AR Hen P i 1
W12 9~ W25, SEARGEBER 22 FAMEM B A B MBS T, TR AL . BRINIE 3]
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FER &

TR B A — 2 1 W R A D PR AR K 47 A R O IR S AR K o FESX AP IS LR, AR AR A G5 4R A5
BeiH % HBOR AR R () 7)BEATATEN, AT B R B A SLAREE M), 5T S I U s e s it A7 %
A Gr s IR TABE S F RN o ASHIE FULE B ARy B W] F 0 0 DR AT T B, AE3T BRI BV
UL, LCD Je s AR i IR 7 Rl M S REi .

VR Y [53] 75  J R
Selenastrum Coscinodiscus Ceratium
PR PR R EANE- Y
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= \ ' .
N
J \ |
\/
Figure 7. Microalgae digital 3D model
B 7. ®oEHF 3D EH
Table 1. Comparison of FDM and LCD printing results
5 1. FDM 5 LCD #TENZ R 5ttt
FDM LCD
FrE R FARRRMEAN ., R E. k) I e 1 R 2 H5ORN 4 )2 S [ A B[]
- WS, g, 2K 10~60 mm/h iR & 50 mm/h
BRI ] 2R AR
POEZS N f A TH LA A Sk
FEM A 98 Ji/kg, FANEHE 219 julkg, BAEE
) e < 280.180.180 mm 130.80.165 mm
RARY MU, Pk ST WG, KB
VAL LS S P R M B v P AR, SR
FIEKS ERE, G280, KEK ERE, TEL, WBEE
XAEE L SRR B A R ], 5 s 3R TH SRR AR, A Gy s ma i R H o

3.3. MA&R

AW FEIE A W AU T 3D T EIFE AR A RER A BT BT ATYEMI 5K . FDM SARAT Bk a2 2
P2 HERN. K EEMBRL, RS X BRSNS Rt AT i IR SR, M AR 22 A
V BUERTHSEERAE, IE T DN ] FRAE R BT A 0 2K, 198 1B ) SO

WA Bl AR
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farey
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T B A B SR R . RIS RER. LIERE SRS
S KRR 54T B e —— B, DA R IR 250 L /Nt s R AR AR () S TR

LCD BRITEN I, eV s s i i dh HE4T T S, SE N LV T ORI AR, R LA
2 JG I RSN B Wb A5 B (A ORI AL, 95 T TR TR PR v T RO T, MR
T AR AR G, IR T 0 R B o S 2 R R 1 R RS BTN R A AL
SR AT, SR 3D TENH AR MO, O TR A, LRI BN A i
ONE PR TR BB Y, 4 B Fr A S A

TERFHERE R, T 3D JTEUR TR AR SRR, Bes 51l — 20 T R 0. BhAh,
ELFEA NI 3D FTENER R, B T RBI B @i, st . ERES. it
SIS BRAR . HURES . ARIRR: S A SR IR 1R, R T2 AR 2 T O e, R
HEGARE S, WG, Eam. SR M H R R A KR,
4. g

SIS 3D T ENBARLE K= SR 0 o (1 I8 FATS AR TT I 25 7 22 W J, 491 126400 3D B2 1 e Y 1
ST AT R RAR B, 3D BB B — R (05 ST T, T EAE SRR (AT 45505 T 3D 4
EIRAE I A AR D, (EXH S A (N R 7525 5 3K B Bk, T LA 37 . 7R AR Al
ARPTUTEIRR 3T Lk, SR A dhs, TEURS BHbR T ENGS kAT 3P4k . 53 4h FDM A1 LCD HiR2%
T () ST T EDAL SR A, (EL FC AT BB 2 (U TS0, R A B B 1 TC V1 %2 135
S HEAT R o

MATEL FRE, SVFMEE S 04)E 3D FTENMHIL, DIEEAAN S DA, TI%4s
JB 3D $TENFERR IR P, T, MG [0S [20] [20] 7T BATE 2 f H AL 2 by, {8 SO TR0 F 5 A
S S MR S B 0, A9 A 2 AR BT EE MR [22) S5 M FE T oniE N ek, AR S 44k
AR I ST DL A B R R G S HEAT R, T B 1) T AR T AL A3 4 45 3 1 [ 23]
DUR B AAHLES ARG [24] (RS fa 4 . 07 2 #0138 A R EF[25)% . S hhRLB BRI Ak
B AT ERERHTT HEAT (K SEF £ BEEINC[26] . 2. VMR RS K AL AE LRI BN [27] 7T BATF & e
WHTENE AR, 3D 4T EF AR BAT 5K = SR A R I AT A7 M R 7

SIS 3D T EPHLIE B 3 5 Bk P10 T ST EDHLR FE[28], % 3D $TENRARIEH DL K b
BRI LS, SEMAARL [ 3D 4T ENBA B R K =2 R 2 RURE Y, 123 0 9256y
SRR R, BRI R R IR Eh T B AR 4, HLE SO G G

5. &hig

AWFTARTIF 45 T 3D BB AT ENiiRE, KA FOM ERLTBUR M ECAR A LCD St AN
Z MR AR HEATAT N, ok FDM & RIS BOR BAAR . SR . AR R, T ERR AR RS 4
R R FERAR, "I, B, #EA. WSO NAEY BT ITENER IR LCD )t
PIBAR AR RAEIS R A . B PR RST/h KSR, R E R 9B, AT e i
RLEMIAMEERGFEATHTEL o FTEN QAR 3 BN AR Jos B0 . BB &80, A7 e sk
HURER PR 9 . R AEANER . APRL 21 . S e N RAT LR AEMIA R M FERHE T 3D 4T BN
ARAT KPR G, BA R EIRT AT K9 1.

B O

JE b [ 9 K %% SRDP (Student Research Developing Program) A&} 4= i 78 & & i+ %I (Wi H 5
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