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ABSTRACT

Calibration of a Non-contact type UV Disinfection
Model by Intensity Measurement

Kim, Maeng Sun

Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering
Graduate School of Chosun University

Now a days, disinfection of effluent from wastewater treatment facility is
obligation in Korea. Ultraviolet(UV) disinfection is one of the useful alternative
comparing to any other disinfection technology including chlorination. UV is
easy to install and maintain. But the decrease of performance accompanied with
fouling on the lamp of quartz sleeve is one of the most common and fatal
deficit of UV in water disinfection system. To overcome this fouling,
non-contact type UV disinfection system which is fundamentally fouling-free is
proposed in this study. Based on optical laws and other UV distribution
models, a detailed mathematical model for a non-contact type UV disinfection
system was developed. Optical properties of refraction, reflection and absorption
of UV light were included in this model and reflection of ceiling wall was
added. The purpose of this study is to calibrate and to verify the simulation
model. Fouling on the qualtz sleeve was investigated by conducting submerged
UV disinfection system.

The followings were obtained as results. Fouling occurred in the submerged

system whether the circulation is performed or not but the fouling rate was



high when the recirculation was not performed. Without recirculation, the UV
attenuation by fouling was up to 56% for 7 days of operation. An experiment
using lab-scale nun-contact type of UV disinfection module was carried out to
calibrate and verify the parameters using by the simulation model. Two
parameters of UV lamp efficiency and UV transmittance of water were selected
as calibration parameters. Based on the intensity measurements and simulation
results, the calibrated values of two parameters which minimize the relative
ermors between the measuring intensity and simulation results are suggested in
this study. The best fit UV lamp efficiency was 43% and while the UV
transmittance of water was approximately 100%. The average relative error was
12.8% in this calibration. Verification was made by applying these calibrated
values to the another design module which is different to that used in
calibration experiment. The experimental data and the simulation results were

also good comrelated and the average relative error was 8.5% in this case.

Keywords : non-contact, fouling, UV lamp efficiency, UV Transmittance,

calibration
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F 22 74 HAAAEY AJH 9=

UV Dose (mJ /cm)
Microorganism Type inactivation indicated
1-log 2-log 3-log 4-log
Aeromonas hydrophila Bacteria 1.1 2.6 3.9 5
Campyobacter jejuni Bacteria 1.6 34 4 4.6
Escherichia coli O157:h7 Bacteria 1.5 2.8 4.1 5.6
Legionella pneumophila Bacteria 3.1 5 6.9 9.4
salmonella anatum Bacteria 7.5 12 15
salmonella enteritidis Bacteria 5 7 9 10
salmonella typhi Bacteria 1.8 4.8 6.4 8.2
salmonella typhimurium Bacteria 2 3.5 5 9
Shigella dysenteriae Bacteria 0.5 1.2 2 3
Shigella sonnei Bacteria 32 4.9 6.5 8.2
Staphylococcus aureus Bacteria 3.9 5.4 6.5 10.4
Vibrio cholerae Bacteria 0.8 1.4 2.2 2.9
Yersinia enterocolitica Bacteria 1.7 2.8 3.7 4.6
Adenovirus Type 40 virus 30 59 90 120
Adenovirus Type 41 virus 22 50 80
Coxsackievirus B5 virus 6.9 14 21
Hepatitis A HM 175 virus 5.1 14 22 30
Hepatitis A virus 55 9.8 15 21
Hepatitis A HM 175 virus 4.1 8.2 12 16
Poliovirus Typel virus 4.0 8.7 14 21
Poliovirus Typel virus 6 14 23 30
Poliovirus Typel virus 5.6 11 16 22
Poliovirus Typel virus 5.7 11 18 13
Roliovirus SA11 virus 7.6 15 23
Roliovirus SA11 virus 7.1 15 25
Roliovirus SA11 virus 9.1 19 26 36
Cryptosporidium parvum Protozoa <2 <3 <5
Cryptosporidium parvum Protozoa <3 <6
Giardia lamblia Protozoa <1 <2
Giardia lamblia Protozoa <1 <3 <6

- 735 (2004)
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@ ZA}F(UV dose)

At a v vAdEdd o8 FaEs duAgFer Aol "o Ao 59 A
of d\AFZ A =AUV dose)ol™, thg3t ol Aol Aol 2ARAIREY
wow yepith

D=1+t (4)
714, D @ AA ZAFF(MN-s/cr == aW-s/en TE J/m’)
I Ao A =(WN-s/enr == W-s/cr)

t o ZARAIZH(S)

zAbepel Y mARe] AALL 27 Fmol uiF xeld 2AFe] T, & A

£(O)2A UYElE 497 o A% v AAE S48 Ad Had
sEA 2w Aol e Azwse] W) (el ATs oldel U wE o e
A

JERT oz RHE A7 Rt

¥

X

4=

A9 4 2L A H) A
= log (R A ZALH 27] v A

= 5] 5)
T e

9]
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ol Kelnere] A2} A S ZAFSH % Streptomyces griseus”} 510nm ©]
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of gt shAIRE FIEL B vzl doju= A2 ofyEial ®Hais o] glor
o5 & 2.3 YEruiATH

5% ARE RE P &S FERIL e e A8

AT waEs o
e ES D

Tchobanoglous 5(1991)¢] H.i1eo] 9]t Haris 5 (1987)9] A el wel o gt o]
34, BWA A Tol 24, FAFEF 20, B4 BAFEFoF 15900 Ak B

et 3
& s Ao wel g2y dibgor Aofd AFY ¢ Tl ddE W
= AR dHA e Agsy £ 2 AR 99 203 V|2l o 2T
o] vk F3E AAl Ao zARSE mpR AR F 3 e dadt Fido]l dnk
g FaE=yel wel vEne A5sta gA4fo] dom sFo] whE oA

¥ 2.3 VI4Ed gE F3E 45

B3 o] dojyE= HAE B3 Eo] dojuA &= vAE
D Streptomyces /& (D Haemophilus infuenza
@ Escherichia coli @ Diprococcus pneumoniae
@ Saccharomyces J& @ Bacillus subtillis
@ Aerobactor @ Micrococcus rdiodurans

® Micrococcus

® Erwinia &

@ Proteus &

Penicillum

© Neuerospora

-gA) B (1997)
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23 MAEHY AYH 47 Zd

2.3.1 }stol &

© =2
wExE e Bt SEdow diAd 5 o tad 2o (aAd, 2011, ¥ Ee
WA A 7 A2 g2 ZAES 7FF T o2 (media)S £33 w F A2t Spell’s

CEE  — i — i — i - — =
0 7] &

d; 1 R,

I’l] ’/"9
&

n d R 53 S
2 72 o T
n3 ~

h |
|

®

2Y 23 BEA UVERA A Add e A3 wAate] /g (£33, 2011)
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FAY ZL)d Alzded AL He BE B 4, 3719 M9 wWAs F3aA

), g3 Ze(2" 23 Fx).

n,sinf, =n,sinf, =nssinf, 8

web, 2d7te e gk

n

0, = sin” ' (—sind,) (9a)
9
n

0, = sin ' (— sinf,) (9b)
ng3

o}7lol M ne wdECH wde E9H AHdEA, = Tl web ofhy debA]

71 st AdolA E 7] 1.00, =& 1.33 18l 42 146 oty HAF 1, 2, 3
< =, 74, 7= duidn. =44, =AY FREAYRe] A= 4 10 2

ne

r tanf, +rytanf, +rytanf; =h (10)

A Q¢ A4 @Oh)F Akl 0,9 1 0= GErd & 9w, 24 (1009 4 (9a)

S 4 (9B Agstel thedt 2 42 2L F 9

n
rltan01+r2tan{sinl(sin01 . —1)}+r3tan{sin1(sin01 . —1)}=h (11)
o n
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d, =r,/cosh, (12a)

dy =1,/ cos0, (12b)
dy =13/ Cc0s0,4 (12¢)
@ ®EA

Wb A2 g F ode AAWA sbEe] wae] miE e Wit FHE

W ZAZol 747y ny, 0,3 ny, 0,90 F wiE A wALER)S v 2

1
R= Bl [ ?“QH + ri ] (13a)
_ mnycosf; — nycosb,
o= n,cos, + nycosb, (13)
n,cost; — n,cosb,
r, = (13c)

n,cosf; + nycosb,

rpE SAEEA AT A SEAFlL, 7, = QAR FAWFY FE

Al g=ol et

U=exp[—a(\) L] (14)
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& &3 vhie] Jid o R BE 10me] ZolE Sied we &
ek Ty 02 EASH “10mFohg ol k.

OmEHE” TS oo EAT A T FFAF a()sh Aelel trgel 7
7b AR g

o

ol

T,/ = 100 - ¢ °W (15)

@ 13A &3

—

(X4, Ya) Db

¥ 24 28 &3 (34, 2011)

294 & (shadowing effect)i= 271 o] /de] H= HAAHAS 45 & Az A9
Aol g fze ojes =29d g gleom e AL A=rt sk AL
Tk g = A a" = 2fATE A71A kol of adrl dask ot 2
Noo)del A=l Aol o Akel7t FElo]l vErdth Al wbgxo] Af-ol= v
A7 A= J=IF 27 ool B H=ol by Aol maehA] Kok A A9
of At e mABRE wsxo] AN Ly of st T AA AR

b

Aol o] Zhe theat o] AkH ol At
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- =

tang = 20 (16)
|a| . |b|

a={(zs—2), (gy—v) b b= {(,—2,), (g, —y)} el AX 2.

232 A £ 29

O MPSS =4

H F7de vjdoaA 3 A JHh(s=d = P)oLZREH ribgE "oz e Fxe
o A HFH = (inverse square law)ol W2y oS3 2o
P
E= 17

2
47y

&
il

24
1

[kl

MPSSEE 2 Ao zoddzE 7HdstaL, o # < ek ne F
T 2g% 72t ¥ {segment, °]E U (point source)e} FlolA T

g FEo] WEHEYa hFake Aelth 24 Ade] 392 p/no] €r. #= npe g
Aol el F8e nse Aol WAE = nle A Fme FHoz AibHEc)
b Aol wAabE o] dele] 7 Aol medhs Aol de Aol A, Aoy
WA 5o 540 A2 verm kel Fehr e o7Aste] 74 HYdewRE| =

Aol Ael 52 ANE F FASA )

—— exp (—a,d,) exp (—aq dq) (18)
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to
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Lo
o

S(W/em?)

Bolton(2000) <& #ZE ddo HIdor tgsta FAGOo=N Adbsh=
MPSS Edo] 53] fzo] W Zprkelu fzo] F 2o 53] A A5H= HE

A o etk wAg AN,

P
I=(1—-R)1—-R,) —— exp (—ay,d,) exp (—aq dq)cost91 (19)
47

7oA o2 FEme 9 A gon §, : FIHA(FA sleevesr®)e FAZS @

ke,
® LSI =4

Blatchley(1997)= MPSS R =X wdEe] nje] FdE 5490 g2 24

LSI 2dS AA L, o] LSI Zdo] no] F3te F71e uf MPSS

a4 5}
Hog 2eg BT LSIREe 243 wAL 48 188 & 9l7] " oE
AApe] GgFo] FHoR AL “FV] FolA Ao AT 2E Az RAL
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(20)

R 3 AollA fzZel o]z A2 Zol(em)

H 3 Aol = Fdol ol2= (=) B Zollem)

233 HH =2 249 A

HE AGA &5 Azl A 494 We /% £, B9 3h WAL B
gk e MRS A9 Asg A A9 Bk £, §7] vhgel el 4
A WA Baach FA4w A5Abele] @A 37bAe] vde] WMelx gromw
Snell’s §2& 2 2o, 28 19 2604 =472 2AA G} 3 A Atele] #A=
eel A ol Ao,

r tan@, +rytan@, +r, tanf, +rstanfy, = h (21)

gejmw, oke] A (7) wak e o] Aejwrt

, n n
(r, 47, )tan01+r2tan{sin1(sin01 . —1)}+r3tan{sinl(sin01 . —1)}:h (22)
o n3

A (A3 Zol 4 (22)= "5l Ae ARgste] Zzbel oA el F3 ATt

Axrd & 9l
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(23a)
d, =r,/cosh,

(23b)
dy =1,/ cosb,
=7 (23¢)
d, =7r,/cosb,
(23d)
dy =13/ cosb,

of ASeNA, BI/5A, FH/E7 BAwe] 4717 Wil 3mel
A AR e AANE Evee Fot, B7/4A 0 AANT FA/F7)0A
o,
Andow, MAHY A4 AL A0 DRPE BAHE F Fel Ao

2= o]
Mol AEE ge Aoz Added & 3l

of
N
~
i

(o]
w
=
lo

T+
of AAW wAbge] Fday] Wiel Lo Ari (1-R,) (1-Ry)wd a3

=

_|_4

H

P/n

—— exp (— ady ) exp(— azdsy) (24)
d

[e)
Ry, Ry : 27 371/%4, 371/% AARAAE] wabe
12

WEE Su glo] WA u MeE WAL W AR F Utk WS wago]

g mel Aol met thEel, wAbR Wl BaAest FANM A 2AbEE As

& A7} Sleh WA wAbs 19 33004 mol

= a;e@ 478 & vk B39 A Be e v Bhow B34 B e

& PRe di+dytd,+d 328 met SwEE Aol flol4 /1@ nis ;EL

o, Ztzte] BHAYE A (23)~(23d)E AFgete] Aol A F glow, A Q4)E
ol g3te] Ao FE(DE AN F

_21_



G

Lol

g 11

O

i+

7

9 (44, 2011)

A UV &5 AN2"dA9 23 ALY 7]

=
=

a9 25 HH

o

—~
o

el

e

ol
TR

~
HO

[N

0
d’,

o
2 (8 Zow, =4

e we

=]
LA

uhe} 7ol

-
T

otk 19 2504 Ho]

Apele] 7=

P
T

2] (25)¢F #t

Aol A=

|

o

23t A A,

_22_



ritang, +rytan g, +{2(r, +ry+r,) +r ftang, =h (25)
T 63 TomR A (25 4 200 tehd 4 dth

{r+2(r,+r,) +3r1}tan¢1+r2tan{sin1(sin¢1 . %)}erStan{sinl(sinqsl . %)}—h (26)
2 3

Zyze] v oA EaRA = A (27a)~ (27d)E AHESte] AltEold S St

d =r,/cose, (27a)
dy =r,/cosg, (27b)
dY = {r,+2(r, +ry+r,)}/cose, (27¢)
dy =13/cos¢, (27d)

WAL = dle] whabs 47)e] AA A ool A v, (1—R,) (1 —Ryy)RuE 3t
29T R AR A viAES Bt aeus 3 AdA HAste] 3%

Tl

4 Bell Z=shs WA Aol s A (28)3 o] Al EY, Bl dAlAQl A=

Rl

= A sk A @8)9] Fholtt.

P/n

0 —ad
@) exp (— and, ) exp(—aydy’) (28)

I’=(1-R,)*(1-Ry)R———
FAEI=1+ 17 28)
& = dJO; +dl +df +df T E ERAT

df , df - FARF B wjAS Bitsle] WiAlEE W] A= 7o)

Rt AAM ] wALS

Oy~ P FAZOIH, 2 V55 A (24)9 2.
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234 N EBHH 29 T4

Aol AEE AMtekeE 37 A Rl Bojd o gle 22 PAe
Aok ZrIa dol= FHSsHAl 2xeolal gl Microsoft Excel VBAE AR&3}o
Microsoft Exceldl|A] v}z A do] 7lsstes sttt 3xkdolw, 1709 W<l E&
(module)Z} 1712] A & (userform)S.2 w1 3 A PG, A A9E o

2 T
Aoz AT & A= 249 fFAFoR 749 F5

[kl

Zadow el

A Z2ade] 542 vhad 2o
- 3xd AgAH A=

- Microsoft Excel VBAE A}
-1 253 3 FAF

- LSI, MPSS, MSSS =9 4
- WAL 2, a9 g A

- A (celDWAL B3 e FA

_@
o
e

- WA EH AHA W

- FAg9] element =79}
- AXF A3}= Excel chart® A%

~ Excel VBAZ Algstmzs A4 £w7h mel o] ol

Ak meade] Bag ez A9,
Excel®] worksheettHo] 27 Q1date® FAuo] m, shAsAw 584 wde] 4
o, 24, W) o dY oRz gHow

sttt 19 2691 99 dleolH worksheetE ol Al skt
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e center position |e\ectirc power| Uy efficiency| variable value description
L x [em] Tcm] 2 [Cmﬂ S [mW]l eff S [%]]Lx 16| Contactor length in x-direction. (%) plane perpendicular to UY lamp
1 8 20 375 40000 30/Ly 25| Contactor length in y-direction
2 Lz 75 [Contactor length in z(lamp)-direction
3 Hy 16| Water depth in y-direction
4 @ Re 2 0 |Reflection rate of ceiling wall
5 dx 2|Computational element length in x-direction
5 dy 2|computational element length in y-direction
7 dz 2 |Computational element length in 2-direction
8 n_Lamp 1|Number of lamp installed
9 L_Lamp 75|Length of UV Lamp
10 n_seg 75 [Number of finite seament of lamp
11 T 1,225 |Radius of quartz sleeveiouter)
12 dg 0,125 [Thickness of Quarlz sleeve
i shd_opt 0] Option for 8HaDowing (0=no shadow, 1=shadow)
14 fun_opt 2| Option for the intensity function{1=LS], 22MP38, 3=M353)
15 ceil_opt 0| Option for ceiling reflection{(=no reflection, 1=reflection)
18 refl_opt 1|Option for reflection effect{0=no reflection, 1=reflection)
17 refr_opt @ 1|Option for refraction effect{0=no refraction, 1=refraction}
18 n_hand 1|Number of bands of LY wavelength on (02:322) or (024:324)
18 nstop_opt 1| Option for non-stop simulation(0=stop, 1=non-stop)
20 rn_opt 0 |reaction simulation option(0=no simulafion, 1=simulation)
21 t_end 20| simulation end of time
22 dt 2|incremental time step
23 kd 0,23 reaction constant
24 Co 1|initial concentrafion at t=0
25 order 1|reaction order (0 op n= 1)
( 4> Exec.1 ‘ ( 5 Exec.2 | ( 6) ‘ Exec.3 |
shd_opt fun_opt refl_opt 1efr_opt L_Lamp dx dy dz  N_water sum_| avg_| area_c area_g|
[Oor1]  [1-4] [0or1] [0orl] [em] lem] [eml lem] [=] Imisem2] [mindécmz] [%] [%]
0 2 1 i) 2 2 2 2072/ 1009,311 0,487119 100 98,82141
0 2 1 @ i) ) 2 2 2072 1201311 0,62322 100 98,82141
0 2 1 i) 2 2 2 2072) 1702,488 0821864 100 98,82141
1] 2 1 1 i) 2 2 2 2072] 2321.418 1,120378 100/ 98.82141
Wavelength  photon " T0(gn2) T 10{water] cf_germ
200-204 0,0201 21.1 22,4 1,62
205-209 0,0264 28,4 27,8 1,31
210-214 0.0329 39.8 330 1.07
215-219 0,0409 50,7 38,3 0,80
220-224 0.0452 574 44.0 057
225-229 0,0452 E6.5 49,8 0,47
230-234 0.0426 51.8 4.9 0.46
235-239 0,0520 510 8.4 0k3
240-244 | 0.0197 60.3 607 067
245-249 0,0629 736 £2.8 0,83
250-254 0,1427 245 £4.5 0,97
2EE-259 0,0800 935 ER.B 1,02
260-264 0.1211 98.7 £5,1 1.01
2BE-269 0,0442 100,0 £4.9 0,93
270-274 00257 100,0 63,7 0,81
275-279 0,0708 100,0 £1.2 087
280-284 0.0121 1000 60,2 051
28E-289 0,0208 100,0 £0.3 0,34
2890-284 0,0203 1000 60,5 0,21
295-299 0.0747 100.0 795 0,11
| 2B4nm 0,800 E0,0000 85,0 1,00

a9 2.6 9438 dolH worksheet 39
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21.9NTU
7.1
4.56mg/L
2.4mg/L
15mg/L
9mg/L
48mg/L
19.8mg/L
20.5mg/L
2.37mg/L
3.46mg/L
2.0mg/L
0.6mg/L

TSS
FSS
VSS
CODmn
TCODcr
SCODcr
NH3-N
NOs-N
POs-P
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¥ 3.2 fouling 4% AE 2L FX
T & A ¥
B8z 37 55em(W) x 45cem(L) x 95em(H) 3
A E TEE
PRI 85cm(L), 40W, FNSTECH(F)
Ay 1 g 2.45cm(0OD) x 0.125em(T) x 85em, FH.&,
e FNSTECH(3)
A 32 (A A 4])
Ay 713 7Y
B8z 37 55em(W) x 45cem(L) x 95em(H) 3
AR G 3tAE Y Wi
PRI s 85cm(L), 40W, FNSTECH(F)
N 2.45em(OD) x 0.125em(T) x 85em, FH. &,
TS
FNSTECH(=)
o
1920 gawy | awama #2 owa)
g yololrkel YI-200, 220V,
FEEX _
44 5m, E=% 70L/min
+FA FLOWMETER 4-36LPM, cole-parmer
Ay 713 15¥
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32 HIFS4 2de Ay 43

Hk3-% o] A9 =77} 16em(W), 35em(H), 75em(L)e] & OPﬂ%Zﬂ HE-g-Z o},
£ Philips(Model-TUV 36 T5 SP)AFoll A A %3+ &3 40Weol Zdo] 8cem(L)E At
g3t on, =AY 4§ A A AF o2 AF 245emel FA 0.125cm, Zo] 90
s AR, Wz AAS AAS dojrtt AA| HojglojA FAEHRS
dolo gAl et AFES SFiTh. AL A Z e Hes A3 A 7|== BesTecAt
AW UV HdE A7IE AHEstdh. Aed A A3 b8A8S 91814 clean
bench ¢to| A o] Fojxom HoAx ASw &S 9alx ADAMALY remote I/O
A 2~E(ADAM 4520, 4019+, 4068)S AFg3stgal L3k 34} A%<l ADAM Viewer

g gt AES Z2ade 4459

lfol'

-Flle Edlt Setup  Miew Window Bun Layout Help
%9 %"'F‘-; EE  Fra Post " Oin e m : 7 W

o2 cF 7% B B8 PID JL %I %un 43 BS 0 e B BN B3 S G &
Faid

Al SCRA1 VWT_DATA T1

Eil.——  f@g =@ [E=d

Do WMT_OM T2 T3

b&l— ffag [=EE [E=g [E=g

ooz WT_MO wWT4 ¥T5 WTE

a9 3.2 ADAM Viewer ZT21 ¥ taskd}d
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2 24 ADAM ViewerE AH&3to] BS ScriptE WHeo] AMES &9, =
2 3k BS Script F-Fol st Age] 229 A= FH7]= fouling A E ol
A A}8-% Solar Light Company - Model LM 100 A &S A}g38ton o] =479
A8 2 Display resolutione + 0.1% ¢ 1%% yedtl Z= ZAH7]9 3¢ 4=
7F MEEE A7 il olE AL AEe @hefdd aWerE debd Za 7t
t}. o]& ¢J8f UVX Digital UV Intensity Meter(#| ZA}:Cole-parmer, Model : EW-97651-10,
Intensity Range : 0 to 20uW/crt, O to 2000i/cri, and O to 200i/cri, Accurate @ +5%)E ©]-&
stol el FWolA 100% 9 el d=s SAsta, AL A= SAH719 100%=
uraeo] RASE F onlga oz AAbAS wrEI o] 5 BS Scriptoll A AlAbA o ® whE
e Fe Wer= Jetl itk Aol =
o2 45 AAsATE w7t ol xid 9

2 == 2
2oy wEfue HHe QA9 V4 G A s o,
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¥ 418 B A=Z3 Aak 3o 2ol = Hit AUt HAirEHE 24 7t
2t AE FE 40%, Frh 100%Y W om, ojwel Wi Ao b= 14.3%% WHERy

F 41 #=2 52& 2 £ FHE W BE FF FAHLA(%)

E%—‘T—_ﬂ]ﬂ% 10 20 30 40 50 60 70 80 90 100
10 99.85 | 99.61 | 99.30 | 98.89 | 98.35 | 97.59 | 96.40 | 94.23 | 89.41 | 76.25
20 99.70 | 99.22 | 98.60 | 97.78 | 96.70 | 95.18 | 92.80 | 88.47 | 78.82 | 52.50
30 99.55 | 98.84 | 97.89 | 96.67 | 95.05 | 92.76 | 89.20 | 82.70 | 68.21 | 29.79
40 99.40 | 98.45 | 97.19 | 95.56 | 93.40 | 90.35 | 85.59 | 77.45 | 59.93 | 14.25
50 99.25 | 98.06 | 96.49 | 94.45 | 91.75 | 87.94 | 82.59 | 74.26 | 55.18 | 19.34
60 99.10 | 97.67 | 95.79 | 93.35 | 90.10 | 85.72 | 81.33 | 73.70 | 51.80 | 42.50
70 98.95 | 97.28 | 95.08 | 92.24 | 88.45 | 84.88 | 81.62 | 73.49 | 51.35 | 66.25
80 98.80 | 96.89 | 94.38 | 91.13 | 87.01 | 85.32 | 82.56 | 73.27 | 51.88 | 90.00
90 98.65 | 96.51 | 93.68 | 90.02 | 86.92 | 85.96 | 83.51 | 73.16 | 53.56 | 113.75
100 98.50 | 96.12 | 92.98 | 83.91 | 87.53 | 87.08 | 87.08 | 84.45 | 74.22 | 56.43
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of NEIA o] molth H&EL 30% Vo wFEA HAY 50% o4 ol ¥
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F 42 HHAH 1%33 BT FALA #

g | Fhe | AdeA | RE | FIde | AUeA 2| FdEe | AUeA
(%) | (%) (%) (%) | (%) (%) (%) | (%) (%)
95 47.58 95 41.31 95 36.67
96 43.20 96 36.36 96 31.65
35 97 38.26 41 97 30.89 A7 97 26.27
98 32.74 98 25.06 98 20.84
99 26.68 99 19.08 99 15.85
100 20.24 100 13.57 100 14.56
95 46.41 95 40.44 95 36.10
96 41.89 96 35.39 96 31.08
97 36.86 97 29.94 97 25.75
36 98 31.26 42 98 24.13 48 98 20.43
99 25.13 99 18.26 99 15.79
100 18.75 100 13.09 100 15.86
95 45.25 95 39.58 95 35.96
96 40.66 96 34.49 96 30.56
97 35.56 97 29.06 97 25.30
37 98 29.86 43 98 23.29 49 98 20.07
99 23.68 99 17.57 99 15.93
100 17.35 100 12.80 100 17.46
95 44.18 95 38.75 95 35.09
96 39.53 96 34.49 96 30.08
97 34.33 97 28.27 97 24.91
38 98 28.952 4 98 22.55 0 98 19.82
99 22.36 99 16.97 99 16.22
100 16.08 100 12.84 100 19.34
95 43.20 95 38.00
96 38.45 96 32.96
39 97 33.11 A5 97 27.53
98 27.23 98 21.91
99 21.12 99 16.46
100 15.07 100 13.13
95 42.24 95 37.30
96 37.38 96 32.28
40 97 31.94 A6 97 26.85
93 26.09 98 21.35
99 20.03 99 16.08
100 14.25 100 13.65
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SR

AdvantechAt2] ADAM Viewer®] 7-$- BS Scripte] o] & 3/= F+Ao] Huh A
g #4e s Pre-task®, F AYS AFs= BS Script®, viiel A9e s
Post task@o] dth ¥ =ioA A}&3F Script¥d2 Pre-task@d ¥ & #4S 2 P3h=
BS Script &S A&ttt S = =iolA ALE3F Pre-task® ¥ BS Scriptd<
TE5oFA

Pre - task BS Script &

public filename as string

public icount as integer

public tg7 as tag

Sub pre_task1()

set tg7 = gettag("virtask”, "VT5")
icount = 0

tg7 = -1

End Sub

BS Script #

public filename as string

public icount as integer
public tg7 as tag

Sub SCRI10)

dim bt_on as tag

dim tg_on as tag

dim bt_data as tag
dim tg_data as tag
dim ail as tag

dim tg3 as tag

dim tg4 as tag
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dim tgh as tag

dim num as single
dim numl as single
dim num?2 as single
dim tg_mo as tag
dim bt_mo as tag
dim bt_mol as tag
dim bt_moZ2 as tag
dim tgb as tag

dim tg8 as tag

open "uv.txt” for append as #2

set tg_on = gettag("virtask”, "VT_ON")

set bt_on = gettag("displ”, "BBTN1")

set ail = gettag("taskl”, "AIl")

set bt_data = gettag("displ”, "bbtn2")

set tg_data = gettag("virtask”, "VT_DATA")
gettag("virtask”, "VT1")

gettag ("virtask”, "VT2")

set tg3
set tg4

set tgh = gettag("virtask”, "VT3")

set tgh = gettag("virtask”, "VT4")

set tgl = gettag("virtask”, "VT6")

set tg mo = gettag("virtask”, "VT_MO")
set bt_mo = gettag("displ”, "BBTN3")
set bt_mol = gettag("displ”, "BBTN4")
set bt_mo2 = gettag("displ”, "BBTN5")

2o e F47] % — mW/em2 A2
num = ail.array(2)

numl = 100/(2.41-0.48)*(num-0.48)
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num?2 = 17/(2.41-0.48)*(num-0.48)

tg_on = bt_on
bt_mo = bt_data

outputf 1, numl

outputf 2, num?2

"25% cycle data 98 2 2H T&F
if bt_data = 1 then
A

tg7 = tg7 + 1
if abs(int(tg7/25) * 25 - tg7) < 0.01 and tg7 < 440 then
tg3 = 25
tgd = 0
tgb = 0
end if
tg3 = tg3 - 1

select case tg3

case 20 to 24
tg_mo = 0
tgb =0

case 10 to 19
tgb = 1
tgd = tg4 + numl
tgb = tgb + num?2
outputf 4, tg4/(20-tg3)
outputf 5, tgb/(20-tg3)
if tg3 = 10 then

icount = icount + 1
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print #2, icount, tg4/10, tg5/10, time
outputf 3, icount
end if
case 0 to 9
tg_mo = 1
tgb = 0

end select

if abs(int(tg7/25) * 25 - tg7) < 0.01 and tg7 > 440 then tg_ mo = 0

W A
end if

'ILE Blolmo] &3 o5 HE

if bt_data = 0 and bt_mo2 = 1 then
tg® = 170
bt_mo2Z = 0

end if

if tg8 > 0 then
tg_mo = 1
tg8 = tg8 - 1
if tg8 = 0 then tg_mo = 0
end if

2E A TE HE
if bt_data = 0 and bt_mol = 1 then tg_mo = 1
if bt_data = 0 and bt_mol = O then tg_mo = 0

close #2

End Sub
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