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Abstract

In the manufacture of vat polymerization, the appropriate single-layer curing
thickness affects the stability and appearance of the whole structure, especially the truss
structure. If the single-layer curing thickness is insufficient, it will easily cause the hollow
structure to be unstable; on the contrary, if the single-layer curing thickness is too high,
the hollow structure will become a solid cube. Therefore, in the process, in addition to
controlling the thickness of the resin flowing into the printing carrier by the moving
amount of the printing carrier, it is also necessary to avoid excess curing in the depth
direction due to the penetration of light energy.

The purpose of this study is to explore how to use methods of adjusting the resin
formula, reducing the exposure energy, changing the way of light energy, etc., to precisely
control the curing thickness of the photosensitive resin. First, by printing a single layer,
find out the theoretical relationship between several variations and layer thickness, and
then apply these methods to the hollow structure - the Tac-toe structure. By measuring
the thickness of the hollow floor slab in the structure, observe whether the hammock

phenomenon has been improved.

Key word: single layers - thickness ~ truss structure ~ light energy
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0

F2 R RRREHHB

3.1 T E R 3D SR G

AFTRETRIFLTEESAALAIFY FHEELET A =300
CMOS = pF &3] % 5t~ 3D 7 Er o Sifedrd] k5> W3- 1 830 & 2 {5 F 4 -
B¢ 3D 1B SRR T AT 2 b B AR R R K LA R4 o ]k AL
d Creation Workshop #c # (f§ #- CW)¥t 3D 7| & J stig 7 k45 - CMOS P £ P i

B L WEER B EEARY R o [23]

i TR 3
; CMOS#a 44 [::J E

' ks By AR

! S
R ﬂD

i — 24

| / :ﬂw$s
' %ﬁﬁ%fﬁ

________ e

Bl 3- 1~ @Rl 3D 71 Er3k & ¥ 45T & R
301 848
hF7 g & % BenQ TK850 4K DLP k5 32 #:4% » 25 B4 & f247 & 5 Full
HD 3840 pixelsx2160 pixels » 3 £ 35 % P -7 %5 G474 > @ L F o 5 1

32.7x18.4mm? ° [23]
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3.1.2 CMOS B+ £ 7] % 5t
AT WEL P AR Y CMOS St LEEF rad o A U E
Edmund Optics = & & & CMOS #i=4p % (EO-2113C Color USB 3.0 Camera){r ®
s A o 7 (ZLKC) | i# ch1 ¥ 458 (FM5028MP5) © % i uEye Cockpit #it 48 &8 i
B [23]
3.1.3 bt % 5h
AFE G RE kS Bt g (hiE A 2 O A RE S TR A R E Rk B AT
o [23]Fd Foe 2 I3XI3 R RFI R ME R LT LRE - 5 e S
0.183%0.103mm? - o yL3a ¥ » 7| 22 B =1 A%E %] 5 0.62um > i % 7|

Erenfiir R 821 * coptig kA M o
325 An K A

B EARF AR AR MR e KR H Y - e Sl Bt g v 5]
R B RK A A ) 8- AR FPFs §WP 7 e 2 i1 1R L
N

3.2.1 5t
GS3D-S #i

285 5 GS3D-S % P i A4 2 7 newstuffaddict # A frpx &> A AT g ¢

BALS GS» HAfedod 3- 1o HiF k3 » FI50 5 R 5 Supip) o
% 3-1 -~ GS Hifin 2 i thdkc
Ak & (Viscosity) 125~135¢ps/25°C

¥ sofok £ (UV curve) | 380nm~405nm

A1 B (Hardness) & H R ¥ 100
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Onyx Rigid Pro410 #ifq
Onyx Rigid Pro410 #tfis ¢ Phrozen £2 Henkel & iT24 & o ) Hiffia £ 5 & 1

S KRR L R e B RATE P R A ONYX £ 3- 2 5 pdiia bl i

¥ - [25]
# 3-2 ~ Onyx Rigid Pro410 ##fiq 2.+ 4L % #ic
PR 1.1 g/lem3 | %74+ & 4 43 MPa
= itk 1687 MPa | %% ¢ ficdic 2200 MPa
W £ K 5% IZOD ¥ % & | 25]/m
Shore # & 78D
Deep Black #iq

Deep Black #tfin .4 FunToDo = # 4 & » H 5 3 #iT 5 F & xagwip s o i
FIERR S e R A FEF 2 0 B Slicke & 3- 3 4T o AT P ORI
fiah (Tt o A5 DB

% 3-3 ~ DB #itfig 2 # frdc

kA & (Viscosity) 80mpa-s/25°C
¥ Bk & (UV curve) 225nm~415nm
A1 B (Hardness) # A B 81
{2 45 & (Shrinkage) <0.5%
% A& (Density) 1.05g/m?

Sudan I &2 %= - 3

AT R FES - BH O R L kI A o TS - BLE F o v
% E ek g X H st < LR S 418nme Flpt o AT P A
RACMR ¢ 0 Sfe AR R 0 1 E Pl AT B R R 2 A
& 2 (Carbon Black)

A STl i G34-KE-7805 s 2. o jiopi k5 L2 @ #4px B oo 3 B 4T 5 26nme
FIoL 2 dF G P RACH Y 0 £ F BT S 2 5 Ft e e B

YUE TR M2k o
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322 MK A
[ o

ABE R GH Y e T e b Bl E R 5 001g e Bt E R 8 A

SHMADZU § &= & 2@ 4 g+ 2% #0505 AUW220D - € * fed5 e f™

R EFERIHER -

3 AR
Bffgte » Fdedrfs o € R P ARF ASTAE BB St Y c AT R
*oerAg 4 k3T R L 40 B 2 @ Hielscher Ultrasonics 2. & & » & 455 % UP200S - 3%

R F AR T R AR (eycle) o B rw(%) ©

AL

iy
pe

ARTE
ik B B ek B PIARR B RO 0 4o ONYX 0 o R F

F_k

\y

dRFART R #Eézp o AT R Y A AR T BAIFLE BK-35500 7 0B

FRESF - REPE -

-~

¢

323 B & 2
AT RHY DI e AR AL 0 A B 5 7 100ml GS £ffq ~ 100ml AC £f
fin 2 100ml Onyx Rigid Pro410 #fin = 1 & #4# £ §F7H 4e » 3 o B PRS- s
2 & DB e
*E Y R LR 25 GS-[X]S- [YICB-[Z]DB > # % 2 100ml 7 GS3D-S #f
fo s LB RAL e r X R hEEE Y LR Z F A DB M 0 2 XY -

Z5ORIEW D fblaeT & o
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# 3-4 - Mfape & LEP 2

bt Licpts | #2 (2 | #2() | DB
GS £
GS-0.155-0.35CB-10DB Sl 0.15 0.35 10
100ml
AC #:
AC-0.38-30DB (alE 0.3 0 30
100ml
ONYX A+
ONYX-0.2CB el 0 0.2 0
100ml

33RHERIKA

3.3.1 R AR AR
AL R DRSS REFAHRE VIRASELT RF LS

Axd

FrBRIX Y 3B R o B RUMRE VA LB R R S B R 745
FRFE R A CCDARES » 274 M - Tl B3 e BRI A E 1 Fptie-#
TERY EAPHASERN LA BRERRRAEER -
3.3.2 £+ #F 4 HHB.(SEM)
kA7 3 & % HITACHI = @ 38 22 TM3000 #45 5 7 + Bpkcdt > * 2 LR S
it e FIEH A T 0 AR SEMzm o FRAEI- KL TR o
333 6 &R

AT @ % A]5EL 5 JEC-3000FC v & 4584 p & 2 7 JEOL #1475 -

BRI AE VMY Ui A A~ G

FRIATHEF T FATHY LB RINL R R BT TG mi
B DL M 0 RO F A S ARAES S R AT T

Vel g R DR Mt i R F R A e o T REF € Rie RS BF

%%:V; ﬁ' m/ﬁ_%/ﬂfr/@ﬁi%ﬁa& v R w 4 &5

T

Ry £ s [27]F > T

B oo
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334 $5¢ L K4 o mAE R R

$od X e B R ACAL A fhe & KTd gL @ kiR kA 2 dhe 4 0o &
BESTH I ko doW 3-2 90 PR E R AR B R R L RE g
Bl Am2- KR F ST ARE B Bk B o2 Fd L ka4 » 54k L2 k32

A g B RR o TE R R LR - [26]

i
TRERE =TT
i

SRS & X
" #*
R | o —
5 T P o)
* R

eRmE

52t

B 3-2~ 40¢ £ &6 £ s R IZT £ B[26]
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MR~ o fh T SR R AR S SRR R AT
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TR d AR R E R e bldei Bl 4-1 5 EE = B 5 RAsR G f 0 Sl
8 HAd FERLE FFIAPLF DB T e (FE LR BRSRBYEFE N

FRE §HEY RLR LG foR%? PR B 2B FLUHA LR
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Bl 4-3 ~ T &2 RIART L B
RS T AR ENHES S EEHEE WA R AR F R

4277 Az

AR ERR R RIRARF TN B H IR BHERG  A  SRGKE
E e i s R s BRER oWl 4-40 m 03RS 0 L ORE PR E
FEREATE T H R S S L] Z e b R 2  i
Mg Bt P

1 s

"-‘\\-

HRGHET R MY RPN F R 2R 2 B S STL #he

2. 7 R #-STL#E"» CWp 7k » £ 24 2 k2 LB 5 G-code

3. SMGKE AR Wfafe 0 R £ & G-code o

4, $E % COMS TR Rl & > #-T 2 P TR I RPHE T > FRS B
Aigre AFIENET SHHEFR R -

5. F|E 1 3T B A e o

6. Fik @ 1 LRI E R B RiTE -

7. BRI 2 BRI TSR A R &ré—f#;{ig s Pl - b r & AR BEACAR

8. B R LMiEN L VLR - KAk ko LR TN LR

;'J':F’mﬁiff‘ Igi_@fiﬂ ’-F’_Q §|J-H}'% 3 % Iﬁﬁ'%}%‘iﬁ
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S
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2.7 &
¥

F .
3.4 gk [¢ SRS N W)
v
4. ¥ &
¥
5. 5| e 8. 5 B ¥l
v 4
6. 7% "7, R

Bl 4-4 -~ 7 %Ko A2T &R
4.2.1 BHR

Fles Ay it * 3D SR LG AIE o ] Bl R 2 SR
X Y 3w 2b gl Imme & SBAY 0 K GG Pl E TR Y s 2 i

frthz # F B4 - R F R 0 FH-CAD #ptE & STL 4 -

(a) (b)
B 4-5- K@z B 0)F F 1S LR
4.2.2 7 K
3D 7B IRk & - K - K sadp o B0t R R e STL AR R~ CW o
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423 KK

ALY RERNE S MR A R R R foR LR F kR R

Fo3 B & A fris sl £ F1% Gcode » 3 B Rl e g B A R
4.2.3.1 3 3% e
B 3 fle AR 4o

1. fAtfiada® 5~ 100ml sk 5THy o
2. ;gars;:;fi;—g_ﬁxggﬁq‘gglﬁ\ﬁgg ...... gﬁ;ﬁtégﬁég»%;(ﬁwaé o
3. I Az A AT R e R R cycle Rk 25 1B E 5 35% o
EREE oy SRR AR G E R
4, d R RFPGFAITAPERHPERTF > FFLREFED KRBT R -
5. AP TR 0 TF B a5 Er o
6. AP SREARY o Aok A e »Rbedh 0 BRI 2 B Ao
4.2.3.2 9 & Bl4r Geode i3 3%
B2 H(R)
B K ts 0 & @I - B RdeehR % Bl G-code o Bl 4-6 5 H ¥ - K R4
RLB o Rhek LS8 H AR PR 2000mse AFT ¢ o gt S ficfil (7:None(5

£ F EI2)-1x2000ms(H & 1 58 9 & F] g2 & p& B 2000ms) °

B 4-6~ 5K R R E R
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N

T L Aer H K G-code 2 i H ELp

;(Anti Aliasing value 1.5 )

3(Z Lift Feed Rate = 30.00080 mm/s )

3(Z Bottom Lift Feed Rate = 30.00000 mm/s )

3(Z Lift Retract Rate = 30.00000 mm/s )

3(Flip X = False)

o(Elip Y = False)

s3Number of Slices = 1 & A

3 (****Machine Configuration ****%*) i’; 5§ Efa ’]D Eg]

3 (Platform X Size = 2.63mm )
s3(Platform Y Size = 1.52mm )
s3(Platform Z Size = 6mm )

3(Max X Feedrate = 10emm/s )
3(Max Y Feedrate = 10emm/s )
3(Max Z Feedrate = 10emm/s )

3(Machine Type = UV_DLP)

;Here you can set any G or M-Code which should be executed BEFORE the build process
G21 ;Set units to be mm

G91 ;Relative Positioning

M17 ;Enable motors

;xxxxxxxxx; Pr‘efSIiCe End EERERRERRRER o o 1.

;<Slice> @ ;j-;“’?/’ * - &EEﬁ( ’ID l%] 2 %ﬂ/
;<Delay> 2000

;<Slice> Blank

;#********* L].'Ft Sequence RER R A AR A
Gl Z.© F3e.e

<.31 Z.0 F30.0 Sk ‘; # # 0mm
;<Delay> 1999

;Here you can set any G or M-Code which should be executed after the last Layer is Printed
M18 ;Disable Motors
;<Completed>

B 4- 7 ~ 13 sz 5 J 4> G-code

F1* photoshop ##8 » R % 58 5 F 5(mosaic) i {8 » Rdpehl K H sk k&

Be%Sd BTG $1leng Fiof ¥ 23 > 4o 4-8

(2) (b)

Bl 4-8~izicis RER()E #(b)f *

o P oo Rk Bl A riE AR Hi % 15X15(mm?) R F 75 %ﬁ,“ v TR
Hppimacl5”e AT P R R % Z 87 R 358 F i oG 5(mm?)>

10x10(mm?) ~ 15x15(mm?) » 4 %] & & % mac5 ~ macl0 >~ macl5 » 4@ 4-9 -

22
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(a) (b) (c)
B 4-9~ =47 F = 2 5 F 5 (2)macl5(b)macl0(c)macs
(2) G-code 12 <

a5 %iiﬁyri‘g’%cﬁéﬁﬁ%:ﬁﬂg rﬁ*‘ﬁ?ﬁﬁ?%’ﬁéﬁ—ﬁ G-code 3z o 14
T g A B el g i o
FATEF LA 2 Goode i e A gt B g AR KPER 2 ) dek

BAFG SR EFE md i BB A oo ’ﬁﬂﬁﬁﬁﬁﬁ%

N 2. ’ » v " B
BTSSA R EREAF > FZ L FPEE P ETRBR2Y
3(Flip X = False)
s (Elin ¥ =.false)
Number of Slices = 2 _'l:i 5 3k EE Ji g]
B achine contiguration **)
;(Platform X Size = 2.63mm )
;(Platform Y Size = 1.52mm )
s(Platform z Size = 6mm )
3(Max X Feedrate = 1e@emm/s )
3(Max Y Feedrate = leemm/s )
;(Max Z Feedrate = 100mm/s )

,(Machlne Type = UV_DLP)

Here you can set any G or M-Code which should be executed BEFORE the bu
G21 ;Set units to be mm

G91 ;Relative Positioning

M17 ;Enable motors

;********** Header\ Eﬂd EEEEEEEREE

[ e pre-Glice Start rrorrrr

;Set up any GCode here to be executed before a 1liff
EEREEEE RS Pre- SllCe End EEEEEEERER

;<Slice> @ .
: <Delay> 1000 lijl’l!;:’v_ %]%]Ejl%]%‘](

-<Slice> Blank

~E

)

=

Gl 2.0 F30.9
Gl 2.0 F30.9
<De1ay> 101

Pre-SIice start
Set up any GCode here to be executed before a 1liff

;:31125:1@% Rk - EBBEB(LY)

,<311ce> Blank

Gl Z.0 F3@.0
Gl 7.0 F30.0
,<Delay> 101

B 4- 10 ~ & FF 5% 2 G-code i ¢
B4l & R TR RS DRI SR REPFRF L L F =
Rk o Tt A F R H K Rk R e R AR kB FRES ZRRCHE
SRR LR R LR o B i FEE o F ki o BRI R A HE

23
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B R e 2 R 0 AR RE G R PR R A 2 ) A SRRk
FERT 5 LA gt Mt ) i d £ 5 2(R)x(H R %)1000mse 17 B {EAT 4
U7 4e H A R Sk ) 5 B4 x500ms ~ 10x200ms-e- - o
R RS SN LR L e N 5% & i G-code > » %&
DR 4R % A B(1X2000ms) » e A D B v f M AT B s f R r gk ph
FHN| D 4x1000ms o £ 4-1 2 B A FATHEEE G FREBF2HT i

AN SREAR S TS P B TS R S T
% 4-1~G-code %#cigicd & £

P S HARLHEEK | HERLFT(ms) | HE QR LR (ms)
* 13 2 k)
1 2000 2000
(1x2000ms)
4x1000ms 4 1000 4000
8x500ms 8 500 4000
10x400ms 10 400 4000

4.2.3.3 % ¢ (gray) s &
[l 4- 6 % fdsR R R £ ] > 7 4Ed photoshop 4 » #-3 & S R (A 1S

255)i% b M3 Bwg (A FFE0) TR A A B AR ER Y

% 1 6 225 A 1 200 B i 175 A B i 150
Wl 4- 11~ Acpg wsnm
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424 HE
S A R

gr T E2 [23]%k=% S B AW

SAEh TURE SRR SALERCEGE RS oy cR RS R e B ST

BT O fopfn B BB o @ R RO

,ﬂmﬁﬁq% -ﬂ f1 'J'E-H}%
FAOKTSHBIHES L TIEd TREL
FRT LRI BB A ad 2T 5 A

e L ENCE Rt

- KBTS fokdfn i

4-12 2 - ZHETRE -

e

BEIREHER TP A

,;’5_%3?‘1—11){34;" JEP—I‘;‘:;’

™

Sed s

Cf LR BIE gk K

doe mGFard e ) &
IWER ’ﬁx:bﬂ}u L S

P WE E AT B [

(a) (b) (c) (d)
Bl 4-12~ = S E 2427 R B
(BT S48 - B EHIOG)PFT BB I HETG ()T SRR
(d)#tfadnt 2 2% o HAEH LS
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4.2.5 7|
z%ﬂk?'JEFﬁuﬁi’:“av"l'rwﬂﬁb.%’&"a‘@.%ﬁi%é’ﬁ&i»éﬁﬁi—iﬁﬂ%’#&
FI T H KRR R M G T 50 R BRI 5 gk T

o B IR o B4-13 5 FEAERP LW -

(b)

(c) (d)
B4-13~@HFE x> 244k EORECAEL AT -7 #

N E—

4.2.6 i 5 LR
CEELICRRE Sk LR L EEE L BorESTAREE ¥s (RN i
FORG 3 ORI L R A e o do % 8 TIARR B P & e LR 2 P Er
7R ARF AR BH Gk d A E R DERET L AT
fed H O VAR R ARTERMBFRRAGWRFFA > BT 54
HHa 7 RIcE A FTRGEEERIHDRA HERE PTG LB EFik
FoE o p i 2 MR AEE T BBRR T 4 T AR Bl o RIAL B
42746 £ 5B £
FrlerengZ P el REP RRE > ¢ ERAEZR YU L FE L L0 HEER
ERl-FINMFZELARY A EEY - ke £ F%Y R gy & S¥c
20mA 304 BFEL R E LA G BERERNKRERER -
LFEEA G TR RERERERPE S gL AR R T

drBld4-14(@) c TEHERIEE > FNa R AFT R > ANERFETEE S
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AL R EBIE AR EER B R FTRR  oB 4140

2

00 1000.000 1500.0

(b) VLB 155 &

(a) ¥ &%
B4- 1425845
4.2.8 = £ @3

%rﬁz B qu}—%—ﬁig{%

BOOREAFY AL BRSO A

R BB FRERELT ] L P AR

S E e R HE 4 5 60um  AFRFIE® R R €
HAr 2. B enped - B3k < 5 190um o £ B3 3N s B A
2 B SREERT BREFCEER 4 22 AH G T2

ERHFREBR PRI LTI FERFEEZ B

27

26 R o A BT 4- 14(b)d @ Tz SEARE T R B
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H‘afu

€T L
ez B

» F ez 152

7
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wrlpZ £ €6 [T]
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43 7| H K 2 i

FlErH K oens 5N B a G A Rens|Eriigeg L B T oG

i Zens| a3 N %
"é’._" iﬁ.ﬁﬁ;lja’ ’ I/}’_ &;'J&E%F& , ¥

20 URFEOE IR BT 9 2 o
TR Flm 5B

e E Rk ImmxImm F > A5(B 4-6)EFR S P oo
Hifigp (7 Tl B Eg ¥ T3 (4o 4-16) -

Bl 4-16 - & 7)e° 7 2 )
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FIF -FHEFEH

5.0 7 i &%

12 GS~ONYX & f& 7 p R ATffig » L 7|44 > ¥ ¢hde » 2 AR 2 5 4 47
(R =2 ~DB)» &7 P RAEPFF 2 HE K 7|6 o 1L IR o #iq e > $HER 7
PR RS A S e foR kSR - PR FL R %

5.1.1 GS k& 5ty

" GS Mg » A RHFETHE B FIE 0 L AW~ T R dgk> 2 DB~ AR
2Rt L2 DB ARLREFRFRROH T Bt ML R R ERITE
FRLEA 3T o

GS ¥

Bl 5-1 5% GS #ffig H & 7 B2 &£ S RIALE] > AR £ 1S HB 45 AL F Ik

EpR LR L 0 ERRE S ) HBY Y VI F R SRS L Qe

Ao KEBERIZHE 0 UERMM) Gy fh s REFRF(S) R x hE DK BI(R 5-2) -

@)1.5 #

(d)3 1) (€)3.5 % (H4 ’T“/(“ ) 455 )~

SFi(=)
B 5-1~ GS & i B A 720 & SRl Fl(a)-(D 4 & 5 B £ 7 o B £
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2000
1500

GS
1000
50 |I
15 2 25 3 35 4 45 5

LR (3)

& B (um)
o

o

Bl 5-2 ~ GS #tfin & & 7 e B & #ichy
GS #ffig e J& 2 &

B GS it fh2 menf ®k Y o 5§ A7 B AR RS o 4 H 5 0.05g
0.15g°0.3go +c » = = i = H &y 7155 £ 0B & o Ao GS 34 18 17 1

R 53¢ T OURBRT] 4 r A B S R RS K & AR AR RE
HFRT 0 F B IR o BB O EF L R R R RABEREE
Pl g TR - oy RE o EREDHFRT > §EREZERER o FPL K
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1500ms ~ % P BT 150 > H & b &5 R 5 157.12um > 2 BB T 11.92% o
B 540 (c): % G-4 £ G3 S#ci AHRL S SR B KRFER :
91.40um » &2 G-3 4T 305 B %% K 41.83% - BE AR A BB L P AR g B

/

FHEE AP - AR FRERES S 2RI A 0 doB] 5-40(d)
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% 5-18 ~ GS 4 7|7 ¢ %85| 5 2 W47 Hedy

5L G-2 G-3 G-4
%P B R | AR (R  RFERRE | BFER | BFERRE
=% 1 146.20 73.10 123.50 126.90 89.80 178.40
% 2 202.00 35.00 147.50 75.50 109.80 140.70
% 3 212.40 17.70 171.50 61.80 109.80 137.20
=% 4 202.30 27.80 171.60 65.20 99.50 147.50
>3 0 129.00 69.70 171.50 89.20 48.10 175.00
T2 178.38 44.66 157.12 83.72 91.40 155.76
T FA 34.02 28.44 14.48 43.18 18.40 22.64
fFA 49.38 26.96 33.62 21.92 43.30 18.56
H :um

B B3 e M SE e AR e Sl Y F R RS R R R R T 4
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R B R

ot BB AR (S)
0.1 ] 02 [ 03 ] 04 0.5 1 2 2.5 3 5 4 15 5 b 7 8 9 10 1 12 13 14 15
455.132_| 901718 1289. 700 | 1462.900 | 1665. 300
x x x x x x 436,746 1069. 492 114 1485. 000 1675. 600
. 417.679 1420.000 [ 1701.300 | 1860. 800
436.519 1179.900 [ 1492.000 | 1650. 433 | 1670450
18.613 | 103.585 240.100_| 209.300 | 210.367 | 5.150
18.840 | 61.189 202,400 | 202.300 | 187.533 | 5.150
60.659 | 167.925 171544 207,150 | 249099 | 279.484
x x x x x x A [ 6.8 | 102017 | 171424 | 165.674 222,288 | 247.744|219.273
650,058 68.307 | 125.968 | 152,532 | 222.140 214,122 | 244.780 | 265.177
68. 606 103 | 160,192 | 186.453 221,187 | 247.208 | 214.645
8216 3. 687 1801 | 4.839
7,917 6.660 | 20779 2.428 | 9.468
69. 399 93.187 | 111.809 | 113.442 | 135.410 | 140.037 | 128.808
x x x x z x x x x x x x x x 66,612 105471 [ 104.885 | 117.527 | 117455 [ 123.997 [132.271
650,15 78.058 131,562 [ 106167 [106.135 | 110.006 | 119.573 118643 [131. 623
71366 100.623 | 101.608 | 107.610 | 113.638 | 124. 146 59 [130.901 [ 131.289
6.692 30930 | 4559 | 4.199 | 3.869 | 11.264 | 12.478 | 1.370 | 7.869
4.7 8.421 | 2125 | 3.652 | 6.691 | 8.916 | 2.093 | 4.112
52.403 | 48.147 | 66.364
x x x x 2 x x T x x T x x T A 51362 | 51.853 | 54.998
) 44.927 | 42,571 | 51.941
(5058 30.474_| 48.719 | 50.647 | 60.681
5.45 | 3.620 | 1294 | 5.683
7632 | 6.208 | 2.500 | 5.683
119.938 [ 425.213 | 963.916 1674.502 | 196,044 | 2254. 206
x x x [90.416 2089.46
. 311437
(51008 365. 634 1916. 844 [2168. 41067]
59,579 51,680
54,197 82.681
217,03 738.691 | 991.312 2515. 381
A [1925 733,177 | 984.431 1955.035 | 2408.023
S-300B 8. 069 18?1.805 2518.706
6 1951801 | 2490.704
1411 76.635 | 19.200
13.112_|35.616 15,201 | 13.698 | 6.721 | 60.601 | 60.679
51496 | 82.152 | 91.078 154250 | 179.939 | 184.464
x x x x x A 95.505_| 101341 119.915
o 1 98..069 128,933
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3
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230,670 313. 704
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4 2 ONYX fffiate » A2 7 bR L 2 £ ) BB

ONYX i

TR A FlEr SR LR (ns)

L ONYX(ml1) |Sudan(g)| DB(ml) | CB(g) 50 60 70 80 90 100 200 300 400 500

265. 702 |262. 153 | 347.580 |364.899 |351.744 |370.274 |485.457 |577.396 |602. 061 |642.856
258.160 |257.108 |326.656 |337.354 |347.965 |418.217 |468.187 |623.088 |660.088 |657.003
258. 583 |259.402 |373.060 |351.559 |342.905 |348.076 |490.935 |593.896 |653.099 |667.810
260.815 [259.554 [349.099 [351.271 |347.538 [378.856 [481.526 |598.127 [638.416 [655.890
4.887 2.599 | 23.961 [ 13.629 4.206 | 39.361 9.409 | 24.961 | 21.672 | 11.920
2. 655 2.446 | 22.443 | 13.917 4.633 | 30.780 | 13.339 | 20.731 [ 36.355 | 13.034

ONVXHA: 100 0 0 0

169.588 |211.486 |205.958 |225.095 |217.856 |233.296 |344.358 |429.417 |441.943 |481.218
181.502 |197.173 |229.934 |222.573 |244.589 |262.739 [407.837 |411.279 |462.131 |541.887
170.346 |209. 277 |215.684 |212.075 |236.435 |278.956 [401.930 |434.447 |480.958 |526.561
173.812 [205.979 |217.192 |219.914 |232.960 |258.330 |384.708 |425.048 |461.677 |516.555
7.690 5.507 | 12.742 5.181 | 11.629 | 20.626 | 23.129 9.399 | 19.281 | 25.332
4.224 806 | 11.234 7.839 | 15.104 | 25.034 | 40.350 | 13.769 | 19.734 | 35.337

ONYX-0. 05CB| 100 0 0 0.05

*

211.756 |176.687 |229.031 |201.586 |219.246 |208.792 |296.003 |334.303 |360.238 |476.389
152.882 |179.154 |193.423 |186.080 |166.497 |215.934 |286.868 |332.544 |410.132 |463. 030
142.105 |138.341 |196.116 |{233.116 |177.213 |231.006 |325.251 |333.446 |319.427 |442.743
168.914 |164. 727 |206.190 |206.927 |187.652 |218.577 |302.707 |333.431 |363.266 |460.721
42.842 | 14.427 | 22.841 | 26.189 | 31.594 | 12.429 | 22.544 0.872 | 46.866 | 15.668
26.809 | 26.386 | 12.767 | 20.847 | 21.155 9.785 | 15.839 0.887 | 43.839 | 17.978

ONYX-0. 1CB 100 0 0 0.1

137.525 |150.244 170.990 |191.856 |177.021 |148.108 |206.437 |234.796 |281.643 |302.432
134.832 |139.758 |160.221 |163.122 |182.009 |178.082 [195.178 |216.857 |267.663 |268.844
162.553 |146.974 |180.752 |164.758 |194.902 |250.495 |201.649 |234.822 |268.273 |256.198
144.970 |145.659 |170.654 |173.245 |184.644 |192.228 |201.088 |228.825 |272.526 |275.825
17.583 10.098 | 18.611 | 10.258 | 58. 267 5.349 5. 997 9.117 | 26.607
10. 138 10.433 | 10.123 7.623 | 44.120 5.910 | 11.968 4.863 | 19.627

ONYX-0. 15CB| 100 0 0 0.15

=
o
=]
=i

w
©
=)
=

NO. 153. 051 |[134.153 |178.690 |173.309 |173.662
112.263 |117.060 |159.651 |166.243 |191.576
103. 544 |140.703 |159.270 |194.502 |232.553
#DIV/0! | #DIV/0! [ #DIV/0! | #DIV/0! | #DIV/0! |122.953 |130.639 |165.870 |178.018 |199. 264
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 30.098 | 10.064 | 12.820 | 16.484 | 33.289
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 19.409 | 13.579 6.600 | 11.775 | 25.602

ONYX-0. 2CB 100 0 0 0.2

NO. 125. 777 |124.209 |122.982 |157.278 |136.407
105. 729 |129.101 |126.569 |129.990 |159.584
144.332 |147.105 |145.806
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! |115.753 |126.655 |131.294 |144.791 |147.266
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 10.024 2.446 | 13.038 | 12.487 | 12.318
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 10.024 2. 446 8.312 | 14.801 | 10.859

ONYX-0. 25CB| 100 0 0 0.25

NO. 103.444 |111.957 |125.023 |110.428 |116.520
82. 220 109. 441 |123.417 |119.072
109. 417 116.729 |139.352 |151.982
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 98.360 |111.957 [117.064 [124.399 |129.191
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 11.057 0. 000 7.959 | 14.953 | 22.791
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | 16.140 0. 000 7.623 | 13.971 | 12.671

ONYX-0. 3CB 100 0 0 0.3

78

doi:10.6342/NTU202302313



& 3~ ONYX Mg 4 » Sudan # e LR 2. £ P 5 R

ONYXHn
ok A 76 SRk R (ms)
EE ONYX(m1) |Sudan(g)| DB(ml) | CB(g) 50 60 70 80 90 100 200 300 400 500
265. 702 |262.153 |347.580 |364.893 |351.744 |370.274 [485.457 |577.396 |602.061 |642.856
258.160 |257.108 |326.656 |337.354 |347.965 |418.217 |[468.187 |623.088 |660.088 |657.003
ONYX A, 100 0 0 0 258. 583 |259.402 |373.060 |351.551 |342.905 |348.076 |490.935 |593.896 |653.099 |667.810
260. 815 [259.554 [349.099 |351.266 |347.538 |378.856 |481.526 |598.127 |638.416 |655.890
4. 887 2.599 [ 23.961 | 183.627 4.206 | 39.361 9.409 [ 24.961 [ 21.672 [ 11.920
2. 655 2.446 | 22.443 | 13.912 4.633 | 30.780 | 13.339 | 20.731 | 36.355 | 13.034
121.125 |145.156 |161.503 |155.112 |179.918 |189.252 |262.359 |312.520 |383.162 |356.441
91.424 [136.771 |141.624 [152.151 |151.881 |173.084 |250.366 |306.640 |307.126 |323.900
97.248 |158.727 |168.408 [160.575 [139.374 |213.729 |270.904 300. 052 |337. 635
ONYX-0. 055 100 0.05 0 0 103.266 |146.885 |157.178 |155.946 |157.058 |192.022 |261.210 |309.580 |330.113 |339.325
17.859 | 11.842 | 11.230 4.629 | 22.860 | 21.707 9. 694 2.940 | 53.049 | 17.116
11.842 | 10.114 | 15.554 3.795 | 17.684 | 18.938 | 10.844 2.940 | 30.061 | 15.425
77.473 | 69.426 | 88.631 | 88.838 | 83.683 [182.960 |141.229 |174.123 |234.608 |268.925
78.190 | 78.033 | 75.552 | 64.356 |111.664 |134.597 |230.212 |196.491 |224.289
. 81.873 84.710 |106.624 |174.833 |173.619 |188.996 |221.762
ONVX-0. 18 100 0.1 0 0 77.473 | 73.808 | 84.846 | 82.195 | 77.583 |133.749 |150.220 |192.651 |206.698 |238.325
0. 000 4.382 3. 785 6. 643 7.127 | 49.211 | 24.613 | 37.561 | 27.910 | 30.600
0.000 4.382 6.813 6.643 | 13.227 | 27.125 | 15.623 | 19.032 | 17.702 | 16.563
77.729 | 58.854 | 85.216 |122.409 | 98.609 |149.517 |125.161 |176.806
A A 71.864 | 68.448 | 51.909 | 76.621 | 93.744 |130.675 |146.705 |147.687
. . 105.013 |118.443 |120.302 |146.302 |130.441
ONYA0. 155 100 0.15 0 0 #DIV/0! | #DIV/0! | 74.797 | 63.651 | 68.563 |101.348 |103.599 |133.498 |139.389 |151.645
#DIV/0! | #DIV/0! 2.932 4.797 | 16.654 | 21.061 | 14.844 | 16.019 7.316 | 25.161
#DIV/0! | #DIV/0! 2.933 4.797 | 16.654 | 24.727 9.855 | 13.196 | 14.228 | 21.204
48.428 | 57.104 | 71.037 | 90.650 | 92.075 | 95.462 | 99.695 |104.332 |110.664
A 21.837 83. 147 92.026 | 96.165 | 92.685 |100.167
. 33. 439 118. 610
ONVX-0. 28 100 0.2 0 0 #DIV/0! | 34.568 | 57.104 | 71.037 | 87.199 |92.075 | 93.744 | 97.930 | 98.509 |109.814
#DIV/0! | 13.860 0.000 0. 000 3.452 0. 000 1.718 1. 765 5. 824 8. 796
#DIV/0! | 12.731 0.000 0. 000 3.452 0.000 1.718 1. 765 5. 824 9. 647
21.558 | 29.558 31.068 | 60.187 | 80.361 |103.871 |116.696
24. 497 A A A 39.905 | 51.818 | 82.820 | 82.216 | 78.558
. 11.117 27.824 | 59.982
ONVX-0. 258 100 0.25 0 0 21.558 | 21.724 | #DIV/0! | #DIV/0! | #DIV/0! | 32.932 | 57.329 | 81.591 | 93.044 | 97.627
0.000 7.834 | #DIV/0! | #DIV/0! | #DIV/0! | 6.973 2.858 1.230 | 10.828 | 19.069
0.000 | 10.607 | #DIV/0! | #DIV/0! | #DIV/0! | 5.108 5.511 1.229 | 10.828 | 19.069
16.600 | 14.345 | 18.244 | 23.413 39.823 |59.044 | 83.333 | 83.953
6.771 |22.999 | 23.428 | 40.369 A A 38.550 | 50.454 | 66.024 | 72.155
. 18.184 | 17.584 | 26.729 42.539 | 59.676 | 74.188 | 83.038
ONYX-0. 35 100 0.3 0 0 11.686 | 18.509 | 19.752 | 30.170 | #DIV/0! | #DIV/0! | 40.304 | 56.391 | 74.515 | 79.715
4.915 4.490 3.676 | 10.199 | #DIV/0! | #DIV/0! | 2.235 3.285 8.818 4.238
4.915 4.164 2.168 6. 757 | #DIV/0! | #DIV/0! | 1.754 5. 937 8.491 7.560
12.620 | 18.780 | 14.865 | 27.280 | 26.792 44.407 | 50.169 | 48.092
17.527 | 16.664 | 28.091 | 22.535 | 23.865 A A 46. 504 55. 853
21.890 | 19.785 | 20.664 | 25.583 | 27.652 43. 597
ONVX-0. 358 100 0.35 0 0 17.346 | 18.410 | 21.207 | 25.133 | 26.103 | #¥DIV/0! | #DIV/0! | 44.836 | 50.169 | 51.973
4.544 1.375 6. 884 2.147 1.549 | #DIV/0! | #DIV/0! | 1.668 0.000 3. 881
4.726 1. 746 6. 342 2.598 2.238 | #DIV/0! | #DIV/0! | 1.239 0.000 3. 881
10.199 | 15.347 | 16.013 | 16.595 | 10.316 31.106 | 46.610 | 44.602 | 51.224
10.965 | 16.028 | 19.937 | 15.599 | 21.874 A 23.324 |39.190 |47.268 | 50.618
- 14.446 | 20.300 | 18.268 | 25.795 | 26.300 51.845 | 55.377 | 53.770
ONVX-0. 48 100 0.4 0 0 11.870 | 17.225 | 18.073 | 19.330 | 19.497 | #DIV/0! | 27.215 | 45.882 | 49.082 | 51.871
2.576 3. 075 1. 864 6. 465 6.803 | #DIV/0! | 3.891 5. 963 6.295 1.899
1. 671 1.878 2. 060 3. 731 9.181 | #DIV/0! | 3.891 6. 692 4. 480 1.253
4.044 ]10.272 | 24.451 | 10.599 | 23.891 | 13.600 | 22.490 | 20.322 | 33.921 | 54.284
9.606 | 16.425 | 10.631 |20.562 | 11.965 | 22.371 | 24.368 | 21.083 | 24.264
15.180 | 15.615 | 11.072 | 20.926 | 20.431 | 27.300 | 19.647 | 35.306 | 26.688
ONVX-0. 458 100 0.45 0 0 9.610 | 14.104 |15.385 |17.362 | 18.762 | 21.090 | 22.168 | 25.570 | 28.291 | 54.284
5.570 2.321 9. 066 3.564 5.129 | 6.210 2.200 9. 736 5. 630 0. 000
5. 566 3.832 4.754 6. 763 6.797 | 17.490 2.521 5. 248 4. 027 0. 000
11.486 | 11.743 | 16.758 | 14.997 | 9.858 | 25.231 | 22.350 | 31.514 | 34.351 | 40.026
8.940 |14.227 | 8.588 | 12.876 | 26.962 | 19.790 | 23.321 | 36.299 | 37.610 | 33.989
. - 15.493 | 17.121 9.701 21.804 | 26.902 | 39.403 | 37.078 | 37.555
ONVA-0.55 100 0.5 0 0 10.213 | 12.985 | 13.613 | 14.998 | 15.507 | 22.275 | 24.191 |35.739 | 36.346 | 37.190
1.273 1.242 3.145 2.123 | 11.455 | 2.956 2.711 3. 664 1. 264 2. 836
1.273 1. 242 5. 025 2.122 5.806 | 2.485 1.841 4.225 1. 995 3.201
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2 4~ ONYX-0.5S #ffig H & gt 6 100ms 5§ FF 5o £ R 5 &

H A R k=2 3 |1x100ms 2x100ms 4x50ms 10x20ms
5 % R I\::? maclb macl0 mach maclb macl0 mach maclb | macl0 mach
A A

%1 13.592 | 11.239 | 10.957 | 6.844 | 21.614 | 14.127 | 12.177 [ 33.091 | 20.848 | 16.159
%2 20.291 ]15.069 |12.696 |14.924 |33.704 |15.701 |14.996 |32.632 [24.622 [ 21.963
=%3 27.178 [15.746 [14.697 |14.554 |32.763 | 17.619 | 14.236 |30.860 [28.907 | 21.983
Tiak &k [20.354 | 14.018 | 12.783 [12.107 [29.360 |[15.816 [13.803 |32.194 |24.792 | 20.035
A 6.824 | 1.728 [ 1.914 | 2.817 | 4.344 | 1.803 | 1.193 ]0.897 | 4.115 | 1.948
fFA 6.762 | 2.779 | 1.826 | 5.263 | 7.746 | 1.689 | 1.626 |1.334 | 3.944 | 3.876

2 5~ ONYX-0.5S #ffig H & 5t 6 500ms 5§ FF 5o £ R 5 &

H A R %= | 1x500ms 2x500ms 4x250ms 10x100ms
N
5 ;% 5o 't ; :e maclb macl0 mach maclb macl0 mach maclb macl0 mach
G

=¥1 40.026 | 25.714 | 21.111 | 17.435 | 32.165 | 24.295 | 23.933 | 36.498 | 29.407 | 25.309

%2 33.989 [30.407 |24.417 [13.188 |35.898 |25.159 |21.702 |33.793 |32.208 |29.847

%3 37.555 |30.468 |26.023 |20.882 |38.960 |28.411 |25.809 |39.161 | 30.037 [33.230

Tk R |37.190 |28.863 |[23.850 |[17.168 |35.674 |25.955 |23.815 |36.484 |30.551 | 29.462

A 2.836 | 1.605 | 2.173 | 3.714 | 3.286 | 2.456 | 1.994 | 2.677 | 1.657 | 3.768

fiEE 3.201 | 3.149 | 2.739 [ 3.980 ] 3.509 [ 1.660 | 2.113 | 2.691 1.144 | 4.153

% 6~ GS-0.15S-10DB #ffs ¥ & 9 & 2000ms & FF 5. £ R 5 &

8 A 9 k= i | 1x2000ms 4x1000ms 8x500ms 10x400ms
& lj;r;e maclb | macl0 | mach | macl5 | macl0 | mach maclb macl0 mach
L e

%1 96.30 | 75.50 [ 55.00 | 51.60 | 48.10 | 44.60 [ 48.00 58. 30 48.10 48.00
%2 86.00 ] 85.80 [ 72.00 | 65.20 | 51.40 | 51.40 [ 41.20 52. 40 45. 80 41. 20
%3 82.60 | 68.60 | 72.10 [ 72.00 | 65.20 | 68.60 | 48.00 58. 40 48.10 48.10
%4 82.60 | 79.00 | 68.70 | 68.60 | 58.40 | 54.90 | 44.60 51. 80 45. 80 44. 60
=%5 89.40 | 79.20 | 65.50 [ 61.80 | 55.00 | 51.40 | 48.00 55. 20 48.10 48.00
Lok gk |87.380 |77.620 | 66.660 |63.840 |55.620 [54.180 |45.960 | 55.220 47.180 | 45.980
Ny 8.920 | 8.180 | 5.440 | 8.160 | 9.580 | 14.420 | 2.040 3.180 0. 920 2.120
fEA 4.780 ] 9.020 |11.660 [12.240 | 7.520 | 9.580 | 4.760 3. 420 1. 380 4. 780

4 7~ GS-0.15S-10DB #fs ¥ & 9 % 8000ms & F 5. & R 5 &

8 R o k=t 3 |1x8000ms 4x4000ms 8x2000ms 10x400ms
B Fn I\}I;Z? macld | macl0 macd | macld | macl0 mach maclb macl0 | mach
R S

=¥1 130.40 | 123.50 | 122.69 | 127.00 | 120.10 | 127. 30 126.90 | 117.90 122.40 | 123.90
= ¥2 140.60 | 130.30 | 130.40 | 130.40 | 140.60 | 127.00 127.00 | 123.90 125.80 | 126.90
%3 147.50 | 137.20 | 133.80 | 134.20 | 133.80 | 130.30 130.50 | 133.80 127.00 | 120.10
%4 137.20 | 130.30 | 130.30 | 123.50 | 127.10 | 123.50 116.70 | 127.00 121.30 | 116.80
=¥5 133.80 | 126.90 | 123.50 | 122.70 | 123.90 | 130. 30 117.40 | 114.00 118.40 | 119.80
Tk & [137.900 |129. 640 |128.138 |127.560 [129.100 |127.680 | 123.700 | 123.320 [122.980 [121.500
FA 9.600 | 7.560 | 5.662 | 6.640 |11.500 | 2.620 6. 800 10. 480 4.020 [ 5.400
FA 7.500 | 6.140 | 5.448 | 4.860 | 9.000 | 4.180 7.000 9. 320 4.580 | 4.700

v |
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fit2 8~ ONYX-0.5S fifig # I H & 92 - P ¥ (ms) % 14 6 £ 7] B

P e
T ’ 100 125 150 175 200 225 255
50 - - 5.884 | 6.556 | 8.473 | 9.663 | 10.213
60 - - - 8.508 [ 9.033 |[12.692 |12.985
70 - - - 11.676 | 12.737 |12.957 |13.613
80 - - - 6.129 [ 8.661 |[10.016 |14.998
90 - - 7.620 | 8.650 |10.889 |11.563 | 15.507
100 - 9.260 | 12.114 |13.427 |15.943 | 18.324 | 22.275
200 11.496 [11.549 [12.716 | 15.833 |18.130 [19.784 |24.191
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