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Abstract

This study aims to confirm the possibility of Ultra-Violet (UV)-printed 3D printing materials using thermal

polyurethane (TPU) with CMYK colors by applying an eco-friendly UV digital printing process. A UV-print-

ed 3D printing TPU material was prepared with cycles of UV printing and CMYK colors. Dyeability of the 3D

TPU samples with cycles of UV printing and CMYK were analyzed for thickness, weight, surface roughness,

reflectance, colorimetry, and K/S values. The thickness and weight of 3D-printed TPU samples with cycles of

UV printing are increased with overprints from 1 to 5. The surface roughness of 3D-printed TPU samples with

increasing UV prints were decreased, meaning that the surface of TPU samples becomes gradually smoother.

The reflectance spectra of CMYK UV-printed TPU samples showed the surface reflectance within each char-

acteristic wavelength of CMYK. The 3D-printed TPU samples, subjected to UV printing twice or more,

showed low surface reflectance. After examining the L*a*b* of the 3D-printed TPU samples by the cycles of

UV printing, the study found that the more UV got printed more than 2 times, the closer the color to each

CMYK.
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BIE TPU ATHOI MTH S&

OV g el 714 d T R4 L Sl o],
o, YA A A 2 T E 2] A ABA, o, vfo] A2
5} E}Ql, @l A| ¥, LED S-9] ) 3, 80~240 W/cm 2] & I
W, 2T 5O 2R 4 ek UV ZUY B
Aol shAA ol 4§ Aol LA 5

Al Ao, ox, UV el BHALE S
o2 AFHAYE T ek ANH O 2 UV Hohg 3
YgEge nady Sdw % rawma%w%ﬁ

= Y A Aot A GFAE o83 A
(Jeong & Jang, 2008) S Hlio}oﬁ, A B3| PLA A&
UV g 3L A gako] 71 Ee] ATt v met
& S+(Karim et al., 2015), 20} E B AEFY A Z o UV-
LED 73} 342 %83 o -L(Seipel et al., 2018), <
27Vl A Bo o g olagd ol uil 2
Apgato] UV Zele) 24 & Hgto] 9414} e
S B35 95 (Baysal et al., 2019), Z2|==2 2
UE A B UV ZAY F% AR A ste] 4
AL H71et A (Lietal., 2020) 5°] Ha1%E 1l gt}
£3] Li et al.(2020) 9] A = Polypropylene 4~ A 7} & A
Ko] ke 718 B 918, UV Zele B4 % o

i

° =
Al e A 9 Aol = 9 BA o PRk
NA 24 54 9Fe 7AW 2™ slrt 5
JVareg A o3t S4o] AL 0L AoR B
3 v 9k,

31H, 2 o 3182 TPU(Thermoplastic polyurethane)

£ o] 853D el W Aol it AT7E X %A
© 2 4=3)Z20]|tH(Kabir et al., 2020a, 2020b; Kim et al.,
2021; Kim & Lee, 2020; Lee, 2018). &3] FDM(Fused
deposition modelling) 3D Z ¥ 7| &S & -85}0] 3D
ol 2/mo) Bta B8 A x5to], 7| 2 ¥ 5
A3L vl 9tk Aukz ol B el zEo H]g] 3D
Q) Bgtan) o) feue), F52ku| o] 27}
st E49 ey ook WA 9 =ato]
AT A A} B E 4530 2 B = &
A% Agith. 23D Zelg o] 2 BataA o] of 4o
R e L
A2 2] A A S S she ol s EdE

B3 49 GA S Bk g 4 ek, Ayl

oSl
H

g/E

e o |k ox |H
B | o U f )

kS|
o

JZH”

EFDM3D Z Y &85 752 73 AR
A 59wt U A 2, of W] =AY g A 7| o] A (surfa-
cent oMMl E o8 WS W IHA St= 7H, =
&, =t g SYAE o] 83 7Ha A o] ek o]
= HEE At = AYE I QLA AHS-SHE &
7t Ame iAo o5 e g2 whr) §isf el
U stetEd 2 R e 255 QR npAaa 58 A8
dfjoF sh= A 7F olet. o] ol Z1ghd T A" M 5
93D Y Aol HGe AFS A v, of
AR A7) S 0] §93D ZHE S o) g3 34 U 4
23 % 7}ol| T3t 1 5(Yuan et al., 2018)L} FDM 3D 32 €]
g2 PLA(Polylactic acid) Ze2}HE = =24 wl A
CRREEREEEENEERE DR ESRES
B4 5 LRt F7hgol 2 2R19 QA4 BAE A
Y5k v} Qch(Soars et al., 2018). L1}, FDM 3D Z &
292 097 09 2A e Fgol Aol v
o ol <] A7 el 1k WUV AT 7T B
Aol et A7 thas e Agoloh,
H AL E=TPUE o] &33D ZUE A& j 44
ZHE 2-8-5}7] flsto] X4 UV B A d - 37
27+ F8N =Y e S Bl A w4 o
EUH:} o]o] FMD 3D Z &g &3 &2 | CMYK
(Cyan, Magenta, Yellow, Black) A& UV ZTHEE
ol g3kl FYetelch. UV 18 £ 5 181%¢ 53]
7HA| e HhE 4R UV 2 3D 22 A4 F A
zaholeh. ol M BL 5 9 BAWSE, ET
7] 54, ERVHALS, A A U K/S 2AS 719
sh91o.0], o] & Eo UV Q141 3e 314 US4}
B 5ol Tt 7| £ AR E Ags et

1. & 2

1. M=

2 Aol A ARERE A7 1.75 mm X 7 = 87AE 2E
= 3D ZTUYE 74X Z 2] L3 e (Thermoplastic
polyurethane, ©|3} TPU, eFlex, Shenzhen Esun Indu-
strial Co., Ltd., China)& AF8-5}%cth 3D THE = =
Z 0.4 mm2] FDM 3D & §(Cubicon Single Plus, Cu-
bicon Inc., Korea)E AF&-3} 1 th UV T &) FA o] 4]
= UV 9 =& 3 E(UJF-3042MK II, Mimaki, Japan)
E AR5 AL, UV A sHe 9 Z(LUS-120, Mimaki, Ja-
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L ul AH
— 1

pan) (White, ©] 3} W, LUS12-W-BA, Mimaki,
Japan)3} A]QK(Cyan, ©]3} C, LUS12-C-BA, Mimaki, Ja-
pan), B} Al EK(Magenta, ©]3} M, LUS12-M-BA, Mimaki,
Japan), 92 2 (Yellow, 0|3} Y, LUS12-Y-BA, Mimaki,
Japan), 7 M (Black, ©]3} K, LUS12-K-BA, Mimaki,
Japan) 5 57FA] A4t UV 7519 sZeto]w(PR200-
7Z-BA, Mimaki, Japan)& A}2-3} %1t}
2. 3D ZZIE TPU &%) ME M=

3D ZElE TPU 44 EL 7l e 2 =42
50 mm x 50 mm x 1 mm =L7] &, 3D mele a7
(123D Design, Autodesk Inc., USA)S A}-&-3}o] g
Feh 33D BElg] ol *stl = §Estslet o]
3D ZEE oA & 918l &etol 4 Z =1 3(Cubi-
creator 4, TPC Inc., Korea)ol| A .= &= 230°C, H| =
2% 0°C, TdHE &%= 60 mm/sec W 7] 100% =

ek, Aol AH§E3D Ty TPU 4749 54

<Table 1>o] YEF AT}

2|

=

El
=]

uv

|H

8-S 571 98 uv
HE, UV A3te o=z, w A, Ak, npAllE],
8 5 57HA A R UV 2k e) A A sk et
o|HE A5t} 3 EAF 3 &2 7 3 (Photoshop, Ado-
be, USA)o|| 4] WCMYK 57}2] AAFS- S AHE 360 dpi 2]
*.eps 7Y & THEQI T <Table 2> 7 A1 A4He] CMYK
9 L*a*b* gh-& ebd Zlojth o] & § & E o]
(Rasterlink 6 Plus ver 2.9, Mimaki, Japen)E A}-8-3}¢]
Tafo| - A AL G20 7 e LS 2| A Ehal
1,2,3,4, 9 53] UV Z 2 5}o A x5kt
UVEZEEY 2AL TIE &5 1.62mYh, T E =

et &= Abolo 7 2le LS mmE 145, 23

¥ TPU &40 UV X

iz

)3 A) =
()

dz 4

it O
ﬁ'é"é‘

E

l

A8}l * g-code U2 HESI] TPU N ES &Y A== 600 x 900 VD(variable dot)2 A4 3}4}.
Stk 225k TPU A 35(TPU-Raw)2 142 93] <Table 3> 3D Z 2l g] TPU 47 o] 24 AIZ 7
WA S 2 UV ZAY AAHYSOI(TPU-W) 485t 2 thebdl Aol
Table 1. Specification of 3D printing TPU samples in this study
Weight Thickness Ra L o B Sample
(2) (mm) (pm) image
TPU-Raw 2.14 1.01 26.20 78.83 -0.81 2.72
TPU-W 2.21 1.04 25.61 86.82 -1.72 1.78
Table 2. CMYK and L*a*b* color value of UV printing
CMYK L*a*b*
Color
C M Y K L% a* b*
Cyan D 100 0 0 0 58 —41 —54
Magenta . 0 100 0 0 49 82 —4
Yellow 0 0 100 0 94 -8 105
Black . 0 0 0 100 10 5 4
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Table 3. Sample code of 3D printed TPU material with
various UV printing conditions

Cycles of UV

Sample code Print -
printing

TPU-WCI
TPU-WCI
TPU-WCI
TPU-WCI
TPU-WCI

TPU-WMI
TPU-WM2
TPU-WM3
TPU-WM4
TPU-WMS5

TPU-WY1
TPU-WY2
TPU-WY3
TPU-WY4
TPU-WY5

TPU-WKI1
TPU-WK2
TPU-WK3
TPU-WK4
TPU-WKS5

Cyan (C)

w AW N =

Magenta (M)

O N O R

Yellow (Y)

[ N S R S

Black (K)

[ N S R

UV 288 W& 3141 3D ZHE TPU &7 9] &
7l W FA S gelstr] 918 F71578 71(CD-20
CPX, Mitutoyo Corp., Japan)2} B-4-8 % -&(PAGI114,
OHAUS, USA)& AHg-3o] F=7(mm)et FA(2) & =
A ahotrt. 2- Aol o] do] el Sigma plot 10.1
(Systat softwear Inc., UK) AF&35}0], UV T E vt
B 348 SYUSE sto] ARHARAL B3 5
78 A 7} el 5 8714 T RS Sl stant. o] 5
o} &} <Eq. 1>-<Eq. 2>& FA|H3HE 9 FA 3t
&5 Al4tsto] vl astglo

T=(T,—Ty /T, x100 = Eq. 1.

T (%): thickness increment of UV printing samples
T, (mm): thickness of samples after UV printing
Ty (mm): thickness of samples before UV printing

W=(Wy— W) Wyx 100 - Eq.2.

W (%): weight increment of UV printing samples
W, (mm): weight of samples after UV printing
Wy (mm): weight of sampes before UV printing

2) EHAHI| SN
UV elg whE 815 3D 2 2le] TPU 472] &

=y

HAR 544 242 J54 2H 225471178

E AT o] W H @
ZHe)2 0.8 mmo| 1L, S £ = 0.5 mm/sQ] 2 ©
B2 2459, ot FAA A7 (Ra)E vto] 21|
3}93 ). Ra(Surface roughness incre-
ment of UV printing samples)+= 2} MZ 57 2] 7+
=578 T B ghS oF3 o1, H o] Bl <= Sigma plot
10.1(Systat softwear Inc., UK)2 AF&-310], UV ZHH
HHE S5 SN sto] ARSTRAS B9
A7) 2 o2 )43 RS SHleh ok E
SHUV Z " 279 gk ¥3kE 2h1st7] 9@l <Eq.
3>02 BHAN7] WSS T

Ra=(Ra,— Ra,)/ Ra, x 100 - Eq. 3.

Ra (%): surface roughness increment of UV printing
samples
Ra, (mm): surface roughness of samples after UV
printing
Ray (mm): surface roughness of samples before UV

printing

UV Ze ¥hE 3154 3D Z e TPU 449 &
B 5 BX3517] Y8l UV B354 7] (UV-2600 240V
EN, SHIMADZU, Japan)E A3}t 400 nm+-E
700 nm77}A] 2] ThA; ¥ Q] Yol A 300 nm/min?] &= 2
MR 2HERS 2905, 7HOMYK A4 20 =
To] EALES BHlshalct.

UV Z g ulE 31421 3D L2l g TPU A 49| o
A SRIaH] A, Liah* TS 27| (Xerite,
CI6XNB, USA)E AH&-3ho] =4 3hgich. -9 §-3/7)
ELD65/10°2 ARt o 3] A RE ke =
shof Ptk Alatste] UeER vk K/S g2 2 A
29O FHYIAE-S =743 3, Kubelka-Munk 4] <Eq.
4>0] 9fsto] Takgiet.

o

e
b << T
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K/S=(1-R)*/ 2R

K: absorption coefficient

S: scattering coefficient

R: reflectance coefficient (0<R<I)
UV &g dhs 3151 3D 2| TPU 2274 9] A
gol Aol & A o= gelstr] sl CMYK A4
o] o] 2] L¥a*b*7hE 7| £ 0.2 AE* g% otk
AE*= of2f o] <Eq. 5>& AH-3to] A4Sttt

3]
&
Z

AE* = \/ (L[* — Lz*)2 + (al* — az*)2+ (b]* — bz*)2

Li*, ay*, by*: L*a*b* values of CMYK

Lo*, ay*, by*: L*a*b* values of UV printing samples

<Fig. 1(a)>2} <Fig. 2(a)>= UV =Y HI&
3D /Y TPU 274 &] 7/ 9 74 Hske-S
W A ojth CMYK A4 A 3HA] o ZLob= A §lo], 2
EREL UV AT 47t K4S SN

]
BURS P

10

= TPU-WC

[ mmmm TPU-WM
TPU-WY

- s TPU-WK

©

Thickness increasement (%)

1 2 3 4 5

Cycles of UV printing
(@)

Thickness (mm)

I FA S 0] F7tek= A o= Sl E it <Fig.
(a8 H¥ EAMSEL 2 UV T8 530 4
TPU-WC-E 2.69+0.23%, TPU-WMO]| A= 4.67£0.25%,
TPU-WY o] 4] +=4.03+0.21% U TPU-WK = 6.84+ 0.06%
2 YEHY TPU-WK 8| F7A| 5 7Fe0] 7H4 =31, TPU-
WM, TPU-WY, TPU-WC 9] =4 &2 %7135} T} <Fig.
1(b)>= ZHE Sl5of thgt 77 F7F A& 3 A4 &
Uetd Aoz THE slpda AN FASTHES
LrEf of =7 819 of 84% 5 A T T <Fig. 2(a)>
£ 29 FAMSE2 ZF UV AelY 53]of|A TPU-
WCE F 4%, TPU-WMo]| A= ok 7%, TPU-WY o] A]
L ok 6% 2 TPU-WK = F 10% 8 TPU-WK 0] 54| %
71&-0] 7}AF .31, TPU-WM, TPU-WY, TPU-WC 9] &=
N2 ZoVste] SAlZoHe] Aakel S Lhebat
o e SRR e B2k 8 2 23] 7}
A= AA| F7¥ekA| Gtz 33 o) ol A A 8] F-A
7t 57Fehe AL ® YEbHh <Fig 2(b)>= ZHE
Slgzof tigt A F7F A& I AA S el ez
AR oF 59%E A ek ZHUE Sl5TF A
WSt o= A Skl thgt Aol 2 g 7t
A= A3 TPU-WK 9] FA|9F 7 A F7h&0] 718 =
11, TPU-WM, TPU-WY, TPU-WC 9] =4 &2 2713
2 Polypropylene 27 E UV T HE FA 0 2 JA
A3 ASH(Li et al., 2020)9Fe U 2| 5h= A o]t
a4 2 e o] g Pel A ARo] e Y2
uh9-9 A @5k 7 © 2 (“Inkjet printing”, 2021) 214]

o2 o

1.10

y =0.0091x + 1.0377
R?=0.8373

1.08 |-

1.06 |

TPU-WM
TPU-WY
TPU-WK

¢ @
L3 RN

1.03 L L L L L
0 1 2 3 4 5 6

Cycles of UV printing
(b)

Fig. 1. Change of thickness of UV printing 3D printed TPU samples on various cycles of UV printing;
(a) thickness increasement, (b) linear relationships of thickness.
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g8s 08

St 3D =g

8 TPU 2 THOI Ml Y

14 | === TPU-WC

s TPU-WM
[ TPU-WY
12 |- mmmm TPU-WK

10 |

Weight increasement (%)

1 2 3 4 5
Cycles of UV printing
(a)

T
Q
N

2.50
® TPU-WC
v TPU-WM
245F m TPUWY .
¢ TPU-WK
240} y=0.03x +2.2116 PS
- R?=0.5894
2
5 235
(7]
=
2.30 |
225 |
220 L L L L L
0 1 2 3 4 5 6
Cycles of UV printing
(b)

. Change of weight of UV printing 3D printed TPU samples on various cycles of UV printing;

(a) weight increasement, (b) linear relationships of weight.

Kl

N
-

N
N
et
4>
Sy

.ﬂ

=z

EHO FAT FAo o F
FALE A7 S 7 =
1o TR Elsly] A= oo
TEJL AR ol Z2E o]
(Martin et al., 2008). w}2t4 TPU-W
4 EEE 272 Halsle e g s
FHA 7| B2 YT} o Al
S B A M LS E R D
= ok ol B e Aol ntet 570 57
o] Mgt =4 Lrehd.

u
o
o,
)
9o C

o
ol

o8 2 olN
o

o 00w oo r
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LU_g;-Di'
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I 2
i
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4
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T oo i
:
o

> (5
z

5

i)

nte 22 z I om o
i fo
o

-30
= TPU-WC
s TPU-WM
25| TPU-WY
= TPU-WK

Ra (%)

0 1 2 3 4 5
Cycles of UV printing
(a)

Atz o2 s UALY|= gho] 245 o] 7
A RS e L, 7 gho] 225 o] w118 ¢
A As Uedls Aol

<Fig. 3(a)>& UV Z2lg whe 3149 3D 29y
TPU 227 &] £ 1A 7] ¥3H&-S Liebd A o]t TPU-
Raw-= 9F 26 pmo| o, 9 © & 553+ 3 9F25.6 um
B o7k 242 ghe ek giek TPU-WCS] 75 18]

26 |
° y =-0.5822x + 25.6952
* R? = 0.7449
v
25 F u
€
224}
@
4
281 o
v TPU-WM
B TPU-WY
& TPU-WK
22 | -
L L L L L

0 1 2 3 4 5 6
Cycles of UV printing
(b)

Fig. 3. Change of surface roughness of UV printing 3D printed TPU samples with various cycles of UV printing;
(a) Surface roughness increasement, (b) linear relationships of Ra.
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0F25.7 ymE L EFSE O 1, 53] 717
HhE Slp7E S7He 5 0F 22.8 pm A = 2 U e T
- WHE ST} S7FE 45 25.3 umoj|
A oF 23.9 pm W 91¢] gh& UrEby gl TPU-WY L
TPU-WK 9] 2 25.0~21.9 um & 25.4 um 23.1 pm 5
o] H919] gh= UEi itk o] of 3D R/ TPU &4
o UV el 24 57} SRR, mHAL)
= 7haehs A0 R Yehton, o)t UV Zeld 3
Aol A-g= 3D TUE TPU AR 2] FHo| FA}F uj12
21917 = 2.2 oju] it A 27] kg2 TPU-WM <
TPU-WK < TPU-WC < TPU-WY 4 © 2 1 3}-g-0] 7},
71 9 5 Wshgo] AW nhalekel A AAre 2
UV 25 o] A|okal Al $o) AjAR v o 71
%7) 53 702 ekt ol = UV A o] 23k
eta o] B 9] 2folo] o) e Aoz 43
S, $49172 So) 2elF Wash ik

<Fig. 3(by>1= ZelE Hsof thgt wAA A7)
o2 81 7141& kil A o® HwlA A7) wsko) of
75%2 A ITE TPU 27fo] UV 215 o] s 515
7} 571045 A ) go] 2Haelis Ao R e}
U 3ewlo] A w|71e] 914 = AL Belseict. FOM

ﬂl

o] 29 A7t ARE dololER AFAA 2
Gt WA o= Eelo] Mngx] 23 53 1A
T UYO, UV ZAYO R WE 4 4 W £
sgo] 5 Ao Bl

UREH O 2 CMYK 42 7HA I A EY £4
= ol Z47he] HdARES UBtl= 54 935
I3t 4= vk A M s A ago A 54 9325
UrER a7, A 29 A 4= 470 nm o] AF] whg W 9 o,
oA ER A 4= 440 nm 9 620 nm 2] W 9] o] Al, Aok A
A= 440 nmELE] 500 nmoj| A FEHYIARSS Ve =

735 &1 4= 9l thBerns et al., 2000).

<Fig. 4>=UV X & & & 314~ 3D 2 & TPU
AA)0) 7HA) % A3 E RS bl Aol ok TPU-Raw
9} TPU-W AR 0] EHHIALE AR EZH O 7 of oo
A A ERS ghQld 4= 9L, WA J 2 2] TPU &
A 2] BkARE o] A A BRusith. <Fig. 4(a)>+= AIQH A4
£ 133 53742 UV 23 TPU 27 9] 495

Uhebdl o]k 18] o)A} BHE to] 2215 9 TPU-WC
A R B AQE A 42 LR = 400 nm F-E] 500 nm
oA T Geol A 7hA R 2HET

ok UV 2 0k 5147} 13]9) 39 R ubAbgo]
27 ebgt 3, 23] o) 4 UV Tig et ¢
ARgo] WobAl = AL el E 4= ek ol @ AL
upAlEfet AR Q- AR WHE S E R UV 2 g3t
735-ofl 5 A3 b thFig. 4(0)-(Fig. 4(c)). A7
A A2 13 EE 53] 71X UV 22 g3 TPU A&Ajjof 2

o A9<Fig. 4(d)>, 7HAIBAR A whg  ¢lol 4
& e, 23] ol UV melg g

AHEE SOl L8 Sl 4 g
i
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fott
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o
o
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o 7
2
c
<
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oft
ot
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r

‘”iﬂ%@ﬂ%mﬂiﬂE%ﬂ
uhAbgo] oA Ahe Ut
o] THz A oju it

ofl,
—
0
c
B
2
R o o2
N

u
_}I_‘
i
o
<

1 FHJ

= g
ox

¥

=
32
O
o,
rr
ll

E Labo| 4], L* g2 817] 8 heh =
ggaJmﬂﬂwngM@Wa*

Y =
B 2 Ao, () 4 202 X 9
S b

Sy (S

= oo 0o

o o 4> jﬂl T
1o 3 o X
o O lo
o g l-ﬂl

il

<
ul
¢
_EL

a*b* K/S, AE* k@ A3
= yehd 7,1011:}. é*ﬂ&@gizﬁl A o] A
©2 793t Mo A WEr} IA ol AL
m} TPU-WC &7 9] Z -, AQF 5=
SRS E pr= 37 L2 UER ),
}mﬂnL%%%uﬂwq~WUWM4%
o H}Zﬁllﬂ— ARB UV ZAF L 9HE T2 g% o
55 =R AMo| 7i7Y A 1 QLSS 2olg 4= Qlek.
TPU-WYQ] 4%, A2 JR2 UV 2y g v et
5 b*= 80 7I7HI A A Ao
J{

u}x]uPOETPU WKo] 39, A 2 UVEZHY
S RS SAE [*0] oF 25 A RS 1,}5}141:4 S Ao
7P7/}$4 AL Q2 QI o= Qlek ol= AE* glofl Al

= 8l 4 9)

D xg Eo; TPU AxH o] CMYK
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100 100
—— TPU-WC1 —— TPU-WM1
TPU-WC2 TPU-WM2
B TPU-WC3 TPU-WM3
80 —— TPU-WC4 80T — TPU-WM4
—— TPU-WC5 —— TPU-WM5
________ TPU-W

| - T T T T T T T e e | T T T T T T T T T e e e e
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Fig. 4. The spectra reflectance curves of UV printing 3D printed TPU samples with various cycles of UV printing.
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Table 4. Color change of UV printing 3D printed TPU samples with various cycles of UV printing

Sample code L a* b* AE* Sample image
TPU-WCI 61.80 —-25.24 -30.39 28.64 -
TPU-WC2 52.45 —24.88 -36.02 24.78 -
TPU-WC3 52.35 —24.63 -37.78 23.73 -
TPU-WC4 5232 —24.75 —37.49 23.85 -
TPU-WC5 52.49 -25.00 -37.59 23.57 -
TPU-WM1 49.12 51.69 -12.59 31.50 -
TPU-WM2 4143 56.59 —4.70 26.52 -
TPU-WM3 41.15 56.55 -5.24 26.66 -
TPU-WM4 41.28 56.26 —4.94 26.89 -
TPU-WMS5 41.66 55.98 -5.41 27.07 -
TPU-WY1 8232 -9.27 63.17 43.45 | i;
TPU-WY2 81.58 —-6.39 80.88 27.18 l—.
TPU-WY3 81.46 —6.46 79.19 28.74 ‘
TPU-WY4 81.72 -6.31 79.82 28.07 { : j
TPU-WY5 81.29 —6.64 77.63 30.21 ' j

[ |
TPU-WK1 29.69 -0.31 -1.12 21.03 -
TPU-WK2 24.72 0.95 0.05 15.77 -
TPU-WK3 24.86 1.40 0.20 15.75 -
TPU-WK4 24.98 1.33 0.47 15.82 -
TPU-WK5 25.68 1.67 0.01 16.52 -
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