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SUMMARY

I. Subject

Improvement projects for power control devices of urban transit unit

II. Summary of Research and Development
(Description about Purpose, Necessity, Range, etc)

- All electric vehicle directly controls the motion by the driving and
regenerative braking by the propulsion control apparatus to control
the motor.

- The propulsion control apparatus is divided into C/I(CONVERTER/
INVERTER) apparatus for use in an AC/DC interval and INVERTER
apparatus for use in a DC interval.

- Some of AC/DC combination vehicles of Korail and Seoul Metro use the
C/1 device and each Metro use driving control unit for the inverter

- Technology development to improve the GTO module for propulsion.

control system to IGBT module can This technology comply with green
growth industry policy and satisfy user of the maintenance efficiency
and cost reduction requirements.

M. Execution information and results about Research and Development
(Description about process and result)
- Characteristic analysis and structure grasp of vehicle
Site confirmation of vehicle base and Using parts for check interface
and structure grasp
- Structure design
Considering the vibration and durability of the railway vehicle and
design in 3D
- Heat—pipe Design
The design of the heat dissipation structure by calculating the heat
generation element.
Check the saturation temperature rise value by attaching the heating
element
- Electrical and electronic circuit design
Calculates the amount of electrical components and review the
characteristics of the components.



- Prototype manufacturing
Making a product using a design drawing
- The test of function and characteristic
Check the basic functions, Self-test and Certification agencies test

— Function test of inverter device
Check compatibility and function by installing the prototype of
converter / inverter stack to the invert device currently operating

IV. Finally research results and application actual result

- Product development drawings and prototype 1SET
- Self-test and Certification agencies test reports

- apply for two patent related to intellectual property

V. Research objectives and effects

Research objective Adiev —
Clause Target value value
Design of WnUfaC.um Fnsure the design techndlogy
ng drawings 10096 :
product ISET of the device
. Prototype Veaification and
. Product Prototyping ISET 100% frctions] fet
development Energy-saving OW ] T
L 10096 Fnergy—saving effect
of power supply Reduction
STACK weight 200Kg Vehide load reduction dee to
) 100% . .
reduction Below weight reduction
o | Healwpipe | o dintion effects | 0% 100 Theml design il
development Below acquisition
GDU Product Prototype IBT Driving dircuit <kill
3 100% o
development development ISET aoquisition
Secure a Apply for a ) . ]
4 Intellectual patent and a Two cases 10096 an of intell
Property Right| utility model

VI. Utilization plan of the Research results

The design technology accumulated during the development process can be

applied to the Inverter and Converter devices in new vehicles

— The design technology accumulated during the development process can

be applied to the Inverter and Converter devices in new vehicles




- By applying Wind force, Solar power conversion device can create new
business
— Can export the various inverter device in Southeast Asia.
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Single fotal Amb Air Tu.nnel Base . Heatpipe |Fin pitch
module power () speed sizes Lat Fin h (mm)

power (W) | (W) (m/s) | Cuobnm) | DM Sape n
1400 4200 40 3 250%250 | AL6061 | AL1060 /) )

Direction i X2 ‘ , X3
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> AIZ0lE dALHE
- AlEdol& (MEASHMOA AAl)

1. Project introduce
The project is designing heat pipe radiator for KORAIL ,theheatpoweris4200W
,theattachment as the the reference of this Simulation.

2. Thermal simulation process
2.1 Simplified model
(1) Solve domain
Heat is carried away by forced convection in the model, for the velocity is
3m/s ,so we can ignore radiation, just ensure the model is in the solve domain
(2) Boundary conditions
Considering the used temperature range, ambient temperature is setted up at
50C. latm
(3) Air speed and air tunnel
Set up 3m/s fixed flow at the end of simplified rectangular air tunnel
(4) Modeling
Every part of model must be setted up material properties, base plate
(AL6061). fin (AL1060). Qmax and thermal resistance of heat pipe. thermal
resistance of interface and so on
(5) Source
According to the actual heat consumption, set the modules size and power
the same as the surface of heat source,set the monitor point at the
temperature monitoring points.
(6) Grid devision
Control total number and proportion of each direction of the grid for a
more accurate and reliable result

WView: [ 2D +Y¥ WView:1 3D

TINTIIMmT
(orrrrreren

¥ ox
L
View: 2 2D +Z Wiew: 3 2D+
¥ ke
IZ—>3‘5 z (_‘[:(

Pic 2-1 Modeling diagram
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3. Simulation result
3.1 Main parameter setting

Singl Total Ai Tunnel . L
e o Amb N u'nne Base . |Heatpipe |Fin pitch
module | power () speed | sizes lat Fin h (m)
pover (W) [ (W) (w/s) | C(upmn) | P shape
1400 4200 40 3 200%250 | AL6061 | AL1060 /) 5
c
3.2 Parameters collection
Items Unit | Value Remark
Speed m/s 3 From the right side
Total power W 4200
. Under the middle of the
T1 Temperature C 83.8 Vodulel
o Under the middle of the
T2 Temperature C 76.9 Module?
o Under the middle of the
T3 Temperature C 69. 3 Module3
Base hottest Temperature | C 85.3
Ambient temperature T 40. 0
The highest temperature e 45. 3
rase on the base
a [ B ] L [n a
--f—
————
————

[T
[T
[T
[T

T
L

[T

oseBDolR
I 01
1
&

o o
a
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3.3 Simulation picture
3.3.1 Global temperature distribution

Global temperature distribution Axle

3.3.2 Other direction temperature

Direction

Air speed Air particle flow

3.000/s

/3'. 01 nfs
v

3.3.3Airflow
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4. Conclusion

4.1 To sum up,while ambient temperature is 50C,the base temp rise is 45.3C.
4.2 There are some simplified treatment during the process simulation, so the
results are for reference only,it is necessary to do a sample testing before the
actual application, to confirm the design can meet the demand of the heat

dissipation.
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1. Testingcondition

Total power: 4200W
Single module power @ 1400W

Air speed: 3m/s

2. Testingdevice

=

WL [T ] H
- - - (] - k E L |
—— N T R 'JH
-
Tew |oT4 T % 10 T12
i i il i e 1

Fig 1 testing device
The testing device as shown above, the temperature monitoring of the heating
board and base are T1-T12;

The outlet temperature monitoring of the tunnel as shown at the right side of

the figure .
3. Result
Total power (W) 4200 Bace temp [T
Single module power (W2 1400 T1 55.3 ] 62.1 To 6.8
Air speed {m/fs? 3 T2 708 T6 796 | T1O 5.2
Ambient temp () 36.7 T3 | 623 | 77 | 673 | T11 T2
Average outlettemp (70 582 i 479 T8 641 | T1Z 66.7

To protect the surface of the base from scratched, the installation surface of the
base is not convenient to fix a thermocouple. 5o we test the outer surface of the

heating board as a change, according to the experience, the temperature of the

93




outer surface of the heating board is 6 higher than that of the corresponding
location of the base, so the temperature corresponding with T2+ T6+ T10 of the base

are 64.812., 73.6172. 79.21C.

4. Conclusion
A+ Check the air speed
Compute the temperature difference of the two ends of the tunnel:
HT=0/Cp/Mm
0 —heat dissipated power{W)
Cp -1005W/[ LK)
b —air mass flow » M=p*A*v, p-airdensity, A—section area of the tunnel
Getthe result : AT=225T
The outlet temperature of the theories : T=22.51+36.710=59.2TC
The actual air speed: v=3.2m/s

B. Compare with the simulation

ltems G0 Simulation Measurement
T AT i AT E:
Ambient 44 367 = :H_:
[k i Y a
XT1 838 | 438 | 792 | 425 SRR HH R R Y
xT2 7648 3649 736 368 . ) W T
XT3 693 293 64 .8 281 | =
Highest temp £5.3 453
Max rise 453 425

According to the comparison > the actual test in accordance with the

simulation results

P
rio
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133532 M BHEX A% S Hat
%

IGBTOl =
A

E IGBT &2 &t Ha
- Turn—offAl 0l&f Spike & &
olad X M2 X 1.4 = 1800 X 1.4 = 2,520[V]

IGBT FAMY > 2,520 X 1.2(H=®E) = 3,024[V]
, Turn—off 0l& Spike &O*SI 120% =& A48t
BdEU L& ol IGBT AXE & A SHCH
- IGBT & &F At
IGBTOHl S2&= 2zl 8= AHES 2 &8 dFE
OlEotd Gt 201 H&HSHCE
o Ity HE f 1.2 HHLX @ 10%
a=)| X 5% HRE 1.2
MetMd, 3= A0A HatE 320 2 2=
& A6 OFSHCY.
- IGBT Xt &F
? THE 2F UFEY = UAEE FINAHEXS
F32 AE  AXC IGBTE 3,300[V], 1,500[A]2
SO AIE S

1.4Filter Capacitor
Mol Z2H

Capacitor® =82 MAXQ =& QIII=l Al2te =2

F 1,500V, 2/ YAl 1,650VE
edott, 1,800V% éﬁxﬁo*oi StCt.
sl 1,800VO|Ct.
& Ol&tAloll=E 2,000VJJFXI asotl 0f E&9
A

FLtol S& —’F—HP—”F% fet etthe, f= 60HzE2 0=
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@ It & IEN: 2888 M4 E0A DME mEST 12 WS

F-QPO22-002/A4P
2013.02.04 REV.02 BREHEF
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w3 d XM

- = 2H By Eﬁ{&lﬁﬁﬁtﬂ M)
{J EI- E‘ g- @ 1317660-8
M3 606 HE-O@2L BE 8%  WOXIPage) (1} / (& 2)
IEF Q2-B6I-1600, Fax: 02-861-8585

1. Y= THClient)
71 2 2 {(Mame) v (O LS
F4[Acdrass) AN BEEA LEX S8 339
2. &3 Jj{Calibration Subject)
3 "{Description) ! E/DE DR DRE (DIFFEAEN TIALPROBE)
H =2 AlManufacturar) ¥ 84 (Model) : PROBE MASTER / 4232
31 I & (Sarial Mumbaer) B 1Tkt
3. o 3 X{Data of Calibration) Vo2Ee 1ra 219
4. WE & (Environment)
&= & (Temparature) R - B o e B o &= {Humidity) T (48 £ 8) % AH,
BE A Location) W IDBEFaCLAE Lab] [ OIsaE(MobileLab) O 2FWE(Cn Sie cal)

5.ZFBEY 4348 (Traceabllity)
wEdy ¥ 4248 dm{Calibration method and/or brief description)

&I 77| H/NE TEHY IS NEAREEM{CLAB-TM-40435-128) 08 et
HANEBHFENR2ELE SHO 284800 $23 0] BEZSHE 01880 dH= 2aUcs

wWEN AES HEIH B HA(List of used stendards/specifications)

[ Ne. L AZEA R YA DS RIRENELL  a#iNsE

| Digital Mulfimetes HP [ 3adaia LIS3609AE50 E014,07 08 EETT

2 Cacliloscope TEK } TDE 3aE8 Bl 1534 2014.07.10 ek 1 2]

3 Caforetof Fiuke 7 5500 A 400020 2013029 (et - ]
6. 232 IHCallbration Results) D DEARME
7. SHEA T (Measuremant uncertainty) - LIFM AE

_— &4 THMeasuramants parformad =8I Approved by)
(Atfirmation} 9 (Mamel BT _}— HH(Tiel  NeMUTHE R
HB(Name) UHS

HoddE = HAEI)NA0EEE N Intermational Laboratory Accreditalion Cooparation) &85 21383 [Miiual Racognition Amangament | i
ApE HINFII(HOAS2PE HUNE B0 DHADFUD

2013 118 21
gt=EpIEI A BB 5" E g H g} [I'IEM
Accmditad by KOLAS, Repusilic ol KOREA Frﬁufﬁrl-t, Hankook Cal-Lab {:gﬂ, Ltd. -

HERE A SH? APAE 606 (e -ClEcx BF &8 TEL - 02-862-1600 FAX I;}HwBET-tﬁE_?_:»h A
FROT B A S22 SUANEN FRE BAE S0, 25, G5 5 S46 200 RE8 ARHE P87 BLCK

F-QPO22-001/A4P
2013.04.20 REV.0O7 PR =]
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— = = wHA B E(Certificate No.) T AL A e
q _. wdZ 1317660-8 R
Al qg'

HE S8 HE2 606 e -CI&El~ B2 B2 | B TPage) (PINE2)
Tel: 02-869-1600, Fax: 02-851-8585

iy gL

1. Attenuation Callbration (DGC)

Function 370, Value Measured Value Comrection Uncartainty
110 20.00 2nz v =0.2 Y 02V
40,00 403V 0.3V o2y
60,00 Y 801y -0 02V
70.00 W 698 Y 02y .2V
1100 200.0V 2 v =1 2y
A400.0V 394V 1y 2y
BO0.0 Y 599 v 1¥ 2V
mooy B99 1V 2V

2. Atenuation Calibration (1 W)

Furation STC. Value Measuraa Valus Correction Incartainty
110 20,00V 20y 0.1 ¥ D2y
40,00 402 v -2V D2V
60,00 Y 5Ba9V 1.1V D2V
Fa.00y 652V 4.8V 0.2y
100 2000V 200 v 2y
Aoy A0 W -1¥ R
B0V 583 V 1My 2V
oDV BaS Y A3 Y 2y

# Uncertainty | #18¢F 295 %, F=2. B

# 22tuEda NI E8238 A4 E0M 2AS 0353 012 HE

F-QP022-002/A4P
2013.02.04 REV.02 SR
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PR

CALIBRATION CERTIFICATE
(F)E2AHEZ|7|HAFHE | wxujois - kmia-sa91-07

7| = preks| ok el 2 268 Certificate No.

Tal : 031-420-8881—4, Fax : 031-420-B880 HBolx({ 1+ )/ (&2}
futtp: f e, kel o ke Pape of Pages
1. 2 & XHClient)

7| 2 MiName) | (Flolzi i
F  Z{Address) | FE ZHA EY S22 211083 184

2, = ¥ ?l{Calibration Subject)
7| 71 "{Description} : CLAMP-DN TESTER
=tz Al 2 ® A {Manufacturer and Model Nama) - YOKOGAWA / CL22D

71718 F{Beral Number) @ JKP4241
3. IE Y F{Date of Callbration) : 2014 38 308

4. %R Environment)
= = [Temparaiure] ©
W& &4 (Location] © @ 3% %54 Permanens Cabbraton Lab ) 0 o & 2% {Mobia Lab, |

(Fanzoalt &  ElHumidiy) i (434 2 ) % AH
[ PAE (O She Calibrabon]

5. S EHO| 43 Y(Traceability)
aEes 9 34 M&(Calibration method and/or brief description)
A2(717 | = 2oy IR HEAHEHE BHAHAKACMI--403-02)0l Tl S EH EFIgc2RE =5
ol REE BE2E AR 0y SUE.

DE ALEY BEE] BWaLst of used standards/spacilicalions)

B #rlaHABYT 37 al
Dn;;!:::zaiun w::::::ﬁn? :nuaﬁ Ee;:lfrl\l'ﬁ:hw Lk ey oot Caltaution
mie] Cabbiralkan Labodalory
CALIBRATOR FLUIKE ! 550048, EHAG0 5 2015.02.25, KRCMI
TRANSCONDUCTANCE AMPLIFIER |BALLANTINE 162048 11138 2015.01.23. KTL
CURRENT COIL FLUKE /o BE00AVCOIL oroz2ze 2015.02.23. KR

6. il 8E I Calibration Result) ; T3 & 2 &=
7. 5H BB (Measurement Uncertainty) : & A3} &=

& ol &M ZHMeasurements performed by) S HApproved by)

, A HiTite)7l 3 & :
(Affrmation) | 4 o name) - b= fw-ﬂ o Naindh 0] 58 ﬁ%]

2] ME| M= 2| Al Y 7| 2He0E 82 # (Intematinnal LaKeer®rM ccraditation Cooperation) 443 215 8F (Mutual
Fecogniton Aranpementicl A B BRESIE 2| P KOLAS BTy SeiwE 2oke BEHAAM M,

Thin s caliticaicn cael lieane = e accramithd cafbustian lamas by Horan Lebaiainry Acctediation Scheme, which sgnen iha (LAD-MEA
‘
J i Lems

= Pazk 8y

SrE el a7 R ela 20144 o 19

Ecpitdited by HOLAE, Fepubiic of Meossa

(F)et=AHF7|7| A M E

Korea Research Center for Measuring Instrument

B0l MEME SR8 WWNETA YRE0NE BT, B, §E B @HE Y

KRCMI-F-0123-01 (Rev.05)
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wdE N

CALIBRATION RESULTS

(_:F_}ﬂa'}“ %Jl?lﬁ?‘ﬂ&[ ME T | KM 4-6401-007

7|5 ohorA| ol 5ol = 268 Cerlificate Mo
Tel: 031-420-8881—4, Fax | 031-420-8880 molxj [ 2 )} {&2)
hetos s e krcmb. co. ke Page ol Pages

1. DC CURRENT

5 7 &7 S2at | A gt b b fuie i
AEFE BpO5 %, k=2
40 A 10,00 A 8.98 A 0.01 A
20.00 A 19.94 A .06 A
30,00 A 29.92 A 0.05 A
38.00 A4 38.88 A 0.5 A
ano A, 00,0 A 99.8 A 0.1 A
200.0 A 199.4 A 1L4A
290.0 A 286.6 A 20A
2. AC CURRENT (80 He)
syEgE
Y 2 E2 228 w4 B R
40 A 10.00 A 593 4 0.048 A
20.00 A 19.90 A4 0.28 A
30,00 A 2093 4 0.28 A
39,00 A 48,59 A o294
300 A 100.0 A 29.8 A 0.3A
200.0 4 1988 A 144
290.0 A 2853 M 2.1 A
-

& TN SN M EHER A 4= S-FEI 1z

KRCMI-P-0123-02 (Rav.04)
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wEEdH AN

CALIBRATION CERTIFICATE

{%E}E}EHIE?IJIE?&E{ AEAHE © KMT4-6491-001

27| 5 ohoth| SofSt sto| 2 28n Cerlificate Mo,
Tel : 031-420-8881~4, Fax : 031-420~8880 Holx| {1 )/ {&a3)
hittp!fwww kremi.co kr Page of Pagas

1, 2| 8 AHCllent)
7| # W{Nama) @ (F)01204HH
F A(Address) c 2| E A UEH SHE 21102 18-4
2, % & ?|(Callbration Subject]
M 7| ¥{Dezaription) : DIGITAL MULTIMETER
HEZE ALY A (Manufacturer and Model Mame] | FLUKE / 8711
22| & {Serial Number) * 27790158
3. YA Date of Calibration) : 20144 8% 308

4, WEH8H ([Environment)
=3 T(Temperature) | (230204170 51 FEiHumidityl - [43 £ 2 ] % R.H.
HEE {Lacation) | W 255 =8Pamans| Caliration Lab, | O 0% I & (kchie Lak | O M E(On S8 Calbation]
5 SEEEe 24 {Traceabllity)
BEYE U =34 Ma(Calibration melhod andfor briel description)
227 ol 2O =Y HE|ojea] WEHE E M KACMI--40a-14)0 o2} 7S EHTET RS TRE =Z 40|
FAE BFEINE AlSeHy I =9E,

EO| AHEE FHEEY| HAj(List of used standards!specifications)

7|24 ELE= TR TR A HNaFAFUR o 2
Daseription Manilactuer and Modsl Sarlal Number | oo Bete of Eﬁ:::::
CALIBRATOR FLLUKE ! 55004 6530015 2015.02.25. KRCM|

6. D= Calibration Result) : REH I &=
7. S8 S (Measurement Uncartainty) : S48 # o} &=

& o Etad Al iMeasurements parformed by) elxHApproved by)
ST = RTille): 7| & ol x
Py,
[AHirmation) M ®(Name] | LIS {4 % 9f({MName) | O|F & I:J:# ]
# 3= H A EE S 2 (Intermational La \coraditation Cooparation) Sh2 218 8 5 (Mutual

Aecognifion Arangament)d| S8 F B0 E7 | MMROLASIZFE ST Foie| gy,
Th afoove cakbralion cerdilicats io the scomediled calibration Beme by Ko Laboralory Accraditatian Schema, which signed the LAC-MAA

t=elE T 2E 20149 o3 14

Actraiiad by HOLAS, Feaslic of Kojes

(F)e=2AHZ7|7| o FHE

KRACHMI-P-0123-01 {Rev.05)
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T < L

CALIBRATION RESULTS

(F)erFAZ217|HAPHE | axuus : kwa-sao1-o01
7T oighA| e ote| 2 268 S
Tel 031-420-8881~4, Fax : 031-420-8880 Hoix{ 2 )/ (&3]
Rttped feeew kremi.co. ke Page of Pages
1.0C YOLTAGE
SHEeNE
o9 = F2E x A gL AESE 9 05 % k=2
GO0 o 590,00 o 590.0 o 04 o
6 5.900 0V 5.900 ¥ 1 ot
60V 59000 8000 a1y
600 v 590.00 590 W o1y
1000y B00.0 Y a00 v 1V
2, AC VOLTAGE (B0 11:)
~ BT
- &7 m2dt Al gl AR o g5 %, 4=z
BOD wf 590,00 FED.Z o DA o
BV 50000V 5.BOE 5
BOY 59,000 ¥ 59,00V p.ary
8OOV 590,00 Y 5901V 07y
1000V 800.0 Y 8OOV iy
3. DC CURRENT
EXEg 8
H A FE2) S8 XA gt MBS of 85 %, kwd
BOO pA 590,00 pA 580.0 pA 0.2 uh
6 mh 5.900 0 mh 5.900 mh 2 uh
B0 59,000 58,98 w 0.02 al
400 nh 390.00 mh 370.9 nd 0.4 wh
B A 5,900 0 A 5.898 A 9 mh
104 9.000 A 9.00 A 0.01 A

KACMI-P—0123-02 [Rav.04)
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oA

CALIBRATION RESULTS

(F)EFAZZ|2|HAFME | ysuuws - cmr4-s491-001
IS oatA| ol ooz 268 Gt
Tel  031-420-8881—4, Fax © 031-420-8880 Haol® {3 )/ (&3
Rt P, keomil, oo, ke Page af Pages
4, AT CURRENT (80 He)
o ANEI| 22 AR B el
48 == 2ke5 %, k=7
& mh 5.900 0 nh 5.905 nl 14 uA
6 mA 59,000 5804 mh 0.14 nh
400 390,00 mh 90,3 mf 1.5nh
6 5.900 0 A S5.901 A 14 nh
10 A 8.000 A 8.00 A 0.02 A
&, RESISTANCE
. szeas
oA 1R SRR HAE Mo ko %, ke
500 82 100.000 &2 100.1:5 0.1 2
6 1,000 60 & 1,000 k2 10
60 K 10,000 0 k2 10.00 k2 0.01 %
60O b 100,000 K 100.0 ka 0.1 b
Ul 1.000 60 K 1000 14
60 U 10.000 0 iR 10,00 2 .01 M
_-'E-_

# FNAYINBAUNE U A = MEEA 20y

KRCMi-P-0123-02 (Rav.04)
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wdAdHA

CALIBRATION CERTIFICATE

(F)E=ABZI7|HTHE | wumsiz uis-1211-001

H7|S olorA| Eokt Bla| 2 558 Certificate Na.

Tal  031-420-8881 <4, Fax : 031-420-8880 mloix {1 )/ {#&a3)
hitp:f fwrww _kremi.co ke Page of Pagas
1. 2] B XHClient)

7| Bk iName] : {F)0| 24
& fAddress) 1 I T ZHEA GED 232 2190HE 154
2, & & Z[(Calibration Subject)
Zl 71 #®iDescription) | FUNCTION GENERATOR
HEEA 84 (Manutacturer and Madel Nama) @ YOKOGAWA / FC120
2|7 ¥ = (Sanal Number) | 2TDE23618F

3. LH Y F{Date of Calibrallon) @ 20144 238 189

i, e (Environment)
i EiTemperature) : {23.0£ 0.4 ) G &  E{Humidity) : (43 £ 2] % A.H.
jl_ﬁﬂﬁ‘in:Lgcmiunj -l 2% 3 EdiParmanent Callbraticn Lab, § Cloi@aiimetie Lab, ] L HERRM{0n Sha Callbatien)
5 Z5HEFY zd(Traceablity)
aE S U =34 M&(Calibration method andfor brlef description)
A2 1E LF A& SH7|5] IE R EMKRCME-404-109)0] o2 A2 I EWEF? RS20 5340 A= E
E7 8 AlSEiH 0F EYHE,

DE ALEE FEEH| YMliList of used standards/zpecifications)

121% MEEA G B ey | SriEwELA | REANS

Descaiption Manuleciuar snd Modal Saral Mumber mucf;":u": E:g::::‘::
UNIVERSAL COUNTER HP ) 531314 J14BA0T009 | 2014.03.97. KRCMI
DIGITAL MULTI METER WAVETEX ¢ 1281 231836 2014,12.09, KRCMI
HGITAL PHOSPHOR DECILLOSCOPE| TEKTRONIX TOS3032 BO22670 2015.01.28, KRCMI

6. DEF D (Callbration Result) - DHH B 2=
7. B E R T(Measurement Uncertainty) 1 03 3 o &=

&2 AHApproved byl

% sl zhM ZH Measurements performed by)
% 9l 5 ATe)zlgMen

(A firm ation) &9l (Name) : 285 t‘g/ &  Di{Mame) : 0lE = i

P ME A THA|Y?| 221 82 (nternational Laforatofy Accreditation Cooperation) &% 218 & (Mutual
Racognitian Arangement)dll MBS B2 HIF{KOLAS) 2 5E SelehE 2ot THF Il
Tha sgcen calbiralan ceilifca ig s acendlmd ceibenton (leme by Kopa Labcrasory Socndiabon Schame, which sgned the ILAC-MAR,

@l E|F ol 20144 29 198l {r-ﬂmllﬁ '

Accradiad by KOLAE, Papuble of Haes

(—T—)ﬁ*ﬁﬁiii"l?l@-’r‘“ﬂ{ @E
Korea Research Center for Measuring Instrumen ﬁﬁiﬁ' 5:

A0 HRAE ST7|Y dugusy gBY olxE ex(@ee, 85, g5 510 298 W2 TRAE A THE PRI Hud

KACMI-P-0123-01 {Rev.05)
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wEZ 3

CALIBRATION RESULTS

(F)BF=AF2|7|HATMME | gaupmz: kmra-1211-001
27|5 plepal BT wa) 3 268 SRR 9O,
Tal | 031—-420-B881-4, Fax | 031-420-8380 Hol& {2 )/ &3)
hittp: / fwewew bremil, ca ke Page of Pages SALTG T WO, T
1, Frequency Calibration
) Mezsutamen! Uncartainky
Rane Setting Valus Measured Valua
A E oF 95 %, k=2
1 pHr — 2 Wik 10.000 0 K B.095 68 .10 mH:
{Sine Wavel} 100,000 e 100.000 3 k& 0.6 mH:
1.000 00 1.000 004 Hle 6 mHz
10.000 O W 10,000 02 K 0.08 He
100,000 Wl 100.000 3 M 0.6 H
1.000 00 W 1.000 003 ik 6 He
2000 00 W 2,000 004 ik B He
1 uHe — 2 10.000 0 He 10,000 07 Hz 0.10 mH:
(Sguare Wave) 100,000 fe 100.000.1 e 0.6 mHe
1.000 00 K 1.000 002 M & mhe
10.000 O W 10,000 03 K 0.08 te
100000 He 100.000 4 M 0.6 Hr
1.000 00 Mk 1,000 003 | 6
2.000 00 ik 2.000 003 1§ 6 He
2. Voltaga Calibration (at 1 &)
- Settinig Valug Measured Value Measurement Uncertainky
CH1 CH 2 MElg=E v o5 %, k=2
10y 100 99.86 w 100,21 o .07 ol
500 mf 408,95 m/ 501.08 0.31 o
1.0V 1,002 Y 1.002 Y 24
5.0V 0oy 5.008 Y 4t
7.0y 1011y 7019y 5
3. OC Offset Callbralion
) Mazsured Value Maasurement Lincertainty|
Feie Ereting el CH 1 CH 2 MESE 9 05 %, k=2
1w 10,0V 10,005 V 10.002 ¥ 6 alf
5.0V 5002 Y 5.002 Y 3a

KRCMI-P-0123-02 {Rev.04)
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ul

dZ 1

CALIBRATION RESULTS

(F)e=A57(7|H 7 HE

7| olokh| Eor Sto| 2 268
Tal : 031 -420-8881~4, Fax : 031-420-8880
hitp: f e kremi.co ke

A A HE  KMTA-1211-00
Certificale No.

Holx (3 )/ (&3
Page of Pages

4. Fraquency Besponse Calibsalion

Meazured Valug Measuramant Lincartainty)

Rane Setting Valus cH1 D AS4E 2 95%, k=2
100 He 1.0V 1.002 v 1.001 Y 6ol
1 Wk 1.0V 1.002°¥ 1.002 Y G
10 Hie 1.0V 1.001 ¥ 1,002y &l
100 ke 1.0V 1.001 v 1.000 Y 6l

5. Rise/Fall Time Calibration

Measured Valye

Measurement Uncerlainty

A Lirnit
s ¢ cH A CH 2 M43 of 05 %, k=2
2M Rige Time = 1040 0 BE 4 ns 834 ns 0.2:ns
2 M, Fall Time < 100 m 85.2 s 89 4 s 0.2 ns

# DTN WA HHE FERY M 4= BHFT 2 0E

=1
=]

KRCMI-P-0123-D2 {Rev.04)
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u 8 8 § M

_ = =y S | B & { Cartificate No.)
T Ei- E g = ﬁg} 1317660-2
T ME 28 MR 606 M -CI&a 2 BS 62| MOITPage) (1) / (& 4)
Tel: D2-BBE- 1600, Fax: D2-B61-B5B5
1. &2 {Client)
7122 (Neme) PolFInA L E
F 4 (Address) PEINEMAN UHEM F8O 339
2. =3 {Callbration Subject)
3131 ¥ (Description) v DIGITAL OSCILLOSCOPE
H &8 AlManutactorar) W BaliModel) © YOKDGAWA | DL 1740E
NI E(Seral Number) DETD9qR1ER)
3. WA Y IHDate of Calibration) COEDIAl 1R 20l
4, WH & H(Environment)
25 (Tamparatura) (Fa0+040T &= {Humidity) ¢ (504 4)%AMH,
WBEF L {Locallon) W DBEEFE(CLAA Lab) O 0&E &S (Mobile Leb.) O 83 EE (00 Site cal)

5.ZFHEFEY L8548 (Tracsabllity)
aEgE 8 424 Ads{Calibration mathod andior brizf description)

&3 7= I &I NEHFHELHCLAE-TM-40421 -1 181H ma
ZNSFETNBCELH STY L 40 S22 K2 EEZHE OB AP=AUSUD.

wEN A=s D=3 BALstof used slandards/specifications)

Mo, BT e NNME HADBMEEL w272
| 1 ceelioscope Calvretor Fiuka | 59204 2034007 B 40520 e
|
|
|
6. WEE W Calibratlon Results) ;o UEIM AR

7. Y E8 5 (Measurement uncertainty) | DEJI W &E

= & BiMeasuramenis performed by =2 XHAppraved by) N
(Affirmation) | 2 iName}  SpIY HA(Tile) NS BATHE.S)
' | | deene) usm
|

A oaEEE SRR EE R nemallonal Lsbarsiory Adcreditation Croporabion) & 800808 B8 (Mabust Recogniton Arnganmesnt) 06
MY e mIpIE I RROLAS|ZHE SR 2N FEIBALIC

20138 113 208 | T—
o |

gRpEIR o BI' E g cH (;.:} [HED

Acoradited by KOLAS. Repubdic ol KOREA PI‘ESH-EI‘II:, Hanlmuk Cal-Lab Cﬂq Ltd. |' ;% 5
— I -5

AEREA BT HPUE 606 Tha-Cl@el & BE 88 TEL - 02-869-1600 FAX @ 02- E‘E‘f‘ﬁﬂ"
B dHAE RE N BREAEN BUE DN GLDEN, 25 S5 RI9 238 80| WHN ARH= 2RI BUD

F-OPO22-001/A4P
2013.04.20 REV.O7 == ]
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wEZH

T ME am MmN 606 CiE-ClEE~ BE a8

Ted: 02-B63-1600,. Fax: 02-861-B685

SEM B (Certificate No.}
1317660-2

MOLEPage) (21 (E4)

1. Volts/Div Calibration. (CH 1)

Rangs ST, Value Measured Value Carrection Uncertainty
5o 20.00 Wpp 20,1 Wop -1 Mpp 0.2 Moo
10 m 50.00 Wpp 45,9 wpop 0.1 Wpp 0.2 Wpop
20 m 1000 Wpp 09 mpp 1 Wpp 2 Moo
5 m 200.0 nVpg 158 mop 2 mpp 2 Wpp
a1 S00.0 Mo 498 Wpp 2 mpp 2 Mo
p.a2v 1.000 Vpp .99 Voo 0.01 Vpp 0.02 Vpe
05V 2,000 Vpp 1.89 Vpp 0.01 Vpp 0.02 Vpp
iR 5,000 Vpp 4.598 Voo 0.02 Vpp 0.02 Vpe
2 10,00 Ypp 9.9 Vpo 0.1 Vpp 0.2 Vppo
5¥ 20.00 Vpp 18.8 Vpo 0.2 Vpo 0.2 Npp
2. Volts/Div Calibration. (CH 2)
Hanps ET0. Value Measured Valug Corection Uncerizinty
5 o 20.00 Moo 20,1 op -0.1 Wpp 0.2 Wpo
10 m 50,00 Mpp A9 8 wpp 0.2 mpp 0.2 Wpo
20 m 100.0 wpp 59 Wpp 1 Wpp 2 Wpp
50w 200.0 wpp 158 Wpp 2. Wpp 2 mpp
oy 500.0 Mpp 459 Wpp | Wpp 2 Mpp
new 1.000 Vpp 0.98 Vpp 0.01 Vpp (.02 Vpp
nEv 2.000 Vpp 2.00 Vpp 0.00 Vpo 0.02 Vpp
1y 5.000 Yop 5.01 Vpp -0.01 Vpp 0.02 Vppe
ay 10.00 Vop 10.0 Vpp 4.0 Ve Q.2 Vo
5 20.00 Vpp 19.9 Vpp &1 Voo 0.2 Vop
F-QPOZ2-002/ A4P
2013.02.04 REV.02 P EUlF
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: X A & H 4 Ha(Certificate No.)
Mo 3 DL = = I'I'l- 1317660-2
N | 4
T M 2H MPYY 606 HE-CI@eIL 8% 68 | BOIF(Page) (3)/(=4) Seimue
Tel: 02-BE9-1600. Fax: 02-861-8585 ==
3. Volts/Div Calibration. {(CH 3)
Ranga STD. Value Measured Value Carraction ncertainty
5 m 20.00 Wpp 15.8 Wpp 0.2 Wpp 0.2 mpm
10 50.00 Wpp 50.2 W pp 0.2 Wpp (0.2 mpp
20 100.0 Wpp 101 Wpp -1 Wpp 2 mWpp
LT 200.0 Wpp 201 wWpp -1 Wpp 2 Mo
01y 500.0 Wpp 502 o -2 Wpp 2 m'pp
0.2y 1.000 Vpe 1.01 Vop -0.01 Vpp 0.02 Vpp
0&W 2.000 Vpp 2.01 Vep -0.01 Vpp 0.02 Vo
1y 5.000 Vpp 4.99 Vop 0.81 Vpp 0.02 Vpp
2y 10.00 Vpp 101 Vep =01 Vop 0.2 Vpo
&y 20.00 Vpp 20,0 Vpp 0.0 Vpp 0.2 Vpo
4. Volts/Div Calibration. (CH 4)
Ranga STD. Valus Measured Value Corection Uncertalnty
5 m 20.00 Wop 20.2 mpp -0.2 Moo 0.2 Mo
10 mw 50.00 Wop 50.1 mipp =0.1 Wpp 0.2 oo
20 m 100.0 Wpp 100 oo O Wpp 2 mpmo
50 m 200.0 Wpp 200 mWop 0 Moo 2 oo
0.1 500.0 Mpp 500 o 0 Wpp 2 W
azy 1.000 Vop 1.01 Vop -0.01 Vop 0.02 Vpp
n&Y 2000 Vpp 2,00 Vop 0.00 Vop 0,02 Voo
1y 5.000 Vpp 5.02 vpp -0.02 Vpp 0.02 Vpo
2V 1000 Vipp 2.9 Vpp Ot Vop 0.2 Voo
W 20000 Vpp 201 Voo =0 Vpp 0.2 Vpo
F-QPO22-002/84P
2013.02.04 REV.02 BREHF
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x4 = S M S (Certificate No.)
wAZY 1317660-2

T WE B MY 606 U-EES BE 62 | BI0IX(Page) (4)/(B4)
Tal: 02-B69-1600, Fax: d2-B861-88B5

5. Bandwidth Calibration. (CH 1)

Fraquency Ciffset Yalue Meazured Value Limits Lincertainty
B iz 00 W pp 800 mop Z 420 26 Mpp
500 e A o 600 Wpp 26 Wpp

1 g GO0 o 588 Wpp 26 Mo
10w BO0 W pp 558 Wpp 26 Wpp
100 Mg GO0 ™ pp S84 Wpp 28 Mo
00 g BOO ™ pp 512 Wpp 39 oo

6. Time/Div Calibration.

Range BTD. Valus Maasured Value Correction Uncertainty
o1 ms 1.000 ns 1.00 ms (.00 ms 0.01 m=
0.2 ms 2,000 ns 2,00 ms (.00 ma .01 =
0.5 ms 5.000 ms 5,00 ms £.00 ms 0.01 ne

g Uncertainty | &E=F 1 95%, §F=2, 2.

a3 NEHE 28 Ha A 2AE REFT| 112 HE

F-QPO22-002{ AP
2013.02,04 REV.D2 I BT
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w33 4d " A
CALIBRATION CERTIFICATE

REENEI =8

ANE AT FHS |40 PO WY OIS HABAHE :  SC1403-02878-1
Tal: Q31— 4563400, Fax © 031 -456-0030 (Canificans Mo,)

HEI]'.EH U T
chnoiogy Institute

1.9 8 & {Cllent ]

I A H | Neme b DA
F & | Adddiess ) SEHNE BREA UEEH ZREHI0ME 18-4
2, & F 7 { Cafibration Subject )
J1 21 '™ | Descriptan | | EERF =N
HESIA S W8] | Manufactrer & Modal Mame | CYOROGAWA | SLA00
I | sarat Mumber § T BIP322a7
3. @@ W7 Date of Callbration } 204, 03,27
4. i® #F ( Environment )
= T | Temparatura | 2020210 (=] = [ Humidity ) (4B +£2) % AH.
MEE A | Location ) ;M DEEEY (Pemanen Cal, Leb] O DEWE (Mobile tab ) [0 #E0E (| OnSie Cal. |

oaxnnsol 424 [ Treceability )
WHEH S A8 da | Callbraton mathod and/or brief description ] -
3 012 EeEA =N BEDE S MSCT-1-404-1610 G2 SNSJESVNUSEFEH T2 L340 H2E
BEHHIE DIB6HH DHEHTSE,
[na above instrurmant wiss calibraled by caltvation procedure of Recorders. vallfcurrent (SCTI--a04-16]
using standard enwpment which wes maintainad raceability from Mational starard

MEM ArEf 2EEH BM (| List of usad standards/specilications |

J3k | sy s NI E 2421 50 o= R A BEE
Discription | Manufacturer & Model | SerlsfMUmber | e oUe st of nedt Gal.)  Calibeation Lab.
Multiproduct Calibralor FLUKE, 55208 ToEs0 T 20150815 ST
B 1 3 & | Calibration resull ) ¢ a8 S BE [ Reler attached file )
7. SEHEST | Massurement uncenainty ) HEHEI & [ Aeler giteched file }
- 5 I [ Maasuremants performed by | = 2R [Approved by )
 ui s a1
(atifirmatin) H O (Tes) - IEBREAGE)
A [ Wama ) GIRE & B {Noma) EIAS

Bl d M AE DHAE T2 EHSE Y (ntersational Laboratory Accreditation Gooparalion) 2RI E S H
[Mutual Aecognition Artangemant) A HEF B0l (KOLASIZ 20 22 B2 08 wE3 gL
{The-ahoes calibratan carlificale is the accrediled calbiton items by Koen Laboraloly Acciediation Schemsa, which sigred the ILAS-MRA ]

B30I BE 2‘{’{___‘-"— IEIEH
() Z=nEJ|ed EHHDIM,,@]EH

agoracied by KOLAS, Repablic of KOAER
Standard Calibration Technology Institute Co., L'Itl} ﬁ.'.]j

O SN R0 HUERTH BNE D2 240RR8L R S5 B9 SHE ST RAE FRle SR EUL
INOTE) 1 any algniticenl instatdily or alher dowarss laciorioveroad, lemperahumg, Sumicity elo,] manifess fseld bofooe, durng or afler calbalion
N iz Gy bo pffect the walidily oF (v callteation,

SOTI=P M4 25-01 [Rav.3] 1210 % 2371w
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w & Z
CALIBRATION RESULT

AEdEE . SC1403-02978-1

[CarHicals Ha.)

1. DG Voltage
1.1 DC Yoltage (al 1 CH)

Meazuremant Urcesdainty
{Confidence Laveal

Range 5TC. Applied Value Measured Valua

Approx. B5 %, & = 2)
50w 50,000 = 50.03 o .01 =
100 =8 100000 99.93 OG:01
200 mv 200.00 200.0 o 0.1
B0 S00.00 800.3 av 01w
¥ 1 00000 W 1 000.0 o 0.0 o
2V 20000V 2001 v | o
5V 50000V 5003 | m
1oy 10,000 0 10.003 v | my
20V 20000 Y 20,01 v 0.01 v
50 0,000 Y 50,00 v 0.01 v
100 1 00000V 100,07 ¥ 0.01 v
200 200,00 v 20001 0.1

1.2 DC Voltage (at 2 CH)
Maasirament Uncerainty
Range STC, Applied Valua Meagurad Value (Confidance Level
Approx; 95 %, & = 2]

50 50,000 4595 o 0.01 m
100 o 100,000 o 100,03 m 0.01 o
200 20000 ol 200.0 o a1 m
0 m 500,00 5002 m a1 m
1y | GO0 G0 10003 a1 m
2y 20000V 1.908 vV (i
5V 0000V 5.002 v 1 m
10V 10,000 0¥ 9.0a3 v 1w
20 20,0040 ¥ 20,00 v ooty
50 v 50000 v 50.00 v 0.01 W
100 Y 100,000V 100,07 v .01 N
200y 200,00V 2000 W R Y

1.3 DG Veltage (at 3 CH)

Measuramenl Uncertainly

Fange STD. Aoplied Valua Measured Value {Confidence Leval
Approx. 95 %, £ =2)
A0 m G0,000 49,98 Q.01 =
100wy 100,000 m 10000 0.01 =
200 wy 200,00 o 198.9 m 01w
OO wy S00.00 & S00.0 m¥ 0] w
(RY I Ol 00 o 1 000.0 W 0.1 =
2y 20000V 1.998 v 1 m
Y 50000 Y 5000 v 1 i
10 100000y 10,000 1 m
0V 20,000 v 19,58y D01 v
IR 0,000 W 50,00 v D01 v
100V 100,000 ¥ 4903y 0o1y
200 v 200,00 W 189.8 ¥ oy
SOTI=P 44 25-00 (Rav.3) (210 % 2970 ==
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DHEL D
CALIBRATION RESULT e @

EWEHHE :  501403-02978-1
iCerliicale No.) moim{ 3 & 4}
Standard Calibratio Oy 3

1.4 DG Voltage (at 4 GH)

Measuiemant Uncanainty
(Confidence Leval

Range STO. Applied Value Measured Valua
Approx, 95 %, &= 2]
50 W 50,000 m B0.03 0491 m
100 m 100,000 ¥ 100,03 v 0.01 mv
200 W 200,00 ok 200.0 0.1 m
SO0 500.00 500.0 0.4
1¥ | Q00.00 1 000.3 v 0.1 m
g 2.000 0V 2.001 Vv 1w
5y 50000V 5.002 v I m
10 10000 OV 10,010 v 1 mv
20V 20000V 20,00 v 001y
50V 20,000 Y 50.00 v Loy
100V 100,000V 100.03 v DOty
200 W 200000 VW 2000 R Y
1.5 DC Voltage (at 5 CH)
Measurement Unoaertaintsy
Range STD. Applied Value Measurad Value [Confidence Level
Approx, 55 %, & = 2)
S a0.000 50,00 mf 0.01 o
100 i 100.000 100.00 w Q.01
200 200,00 m 200,71 0.1 at
A0 o 0000 459 85 o 0.1 m
() | QG300 1 000.0 W a1
B 20000V 1.999 v | m
5y OOV 4.998 v 1 m
10V 10.000 0 W 2.8a7 1
20V 20,000V 20.00 0.0y
50V 50,000 45.97 0,01y
100 Y 1 (0. 000 W 85.97 v 0.01 Y
200V 200,00V 188.8 v a1y
1.6 DC Valtage (at 6 GH)
Measuramant Uncertainty
Range 570, Applied Value Measured Value |Contience Level
Approx, B5 %, & = 2]
S0 50000 50.05 » 001 o
1060 m 100000 m 100,07 001w
200 mv 200,00 W 2000 w 0.1 my
500 m S00.00 m 4997 w 0.1 m
1Y | 0000 m 999.3 w 0.1 m
2y 20000V 2.001 v | o
5V 50000V 5.000 v 1
10y 10,000 0 W 10.000 Y 1 m
20V 20.000 ¥ 20,00y .01y
50 S0.000 W 5000y 0.01 Y
100y 100000 W 9503 v o0y
200V 200,00 W 2001 v a1y
(210 x 297 =

ECTI-P M4 25-01 (Rése 31
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w & ZE
CALIBRATION RESULT

A HeE . 8C1403-02878-1

[Certiticate No,) HoLx

4 )& 4.

1.7 DC Voltage {at 7 CH)

Measurement Uncertainty
(Confidence Laval

1.8 DC Voltage (at 8 CH)

it

Range

5O ¥
100 m
200 o
500
I
2N
avw
1y
20V
50W
100 W
200V

STD. Applied Valus

50,000 m
100,000 o
200.00 W
S00.00 W
i DO0.00
20000V
50000V
10,0000V
20.000 v
50,000 Y
100,000 v
200.00 ¥

Measurad Valua

«+ 2 NI BTIART 2HEE M4 £ BEFI 12 AE
BCTI-P & & 25-01 (Rev 31

124

50.07 m
100.00
2000 o
500.0 o
1 000.0 W
2.001 ¥
4.995 v
10003 vV
20.01 v
50.00 v
100.07 ¥
2001 W

Hangs STD. Applied Value Measured Value
Anprox. 85 %, k= 2

Rl H0.000 ¥ 50,02 m 0.0 m
100 m 100,000 m 919,593 m Q.01 o
200 m 20000 o 199.8 oV Q.1 m
500 m 500.00 m 4997 W a1 m
1y 1 000.00 m 9997 m a1 m
2y 20000V 1.899 v | a
5Y 50000 4.988 v |
10V 10.000 0V 9.007 Y 1 m
20 20,000 Y 20,00 ¥ 0.0y
50V S0,000 W 49,85 0.0y
100V 100,000V 99,87 v 0.0l v
200 W 200,00V 199.9 v g1 v

Measuwament Uncertainty
(Conlidence Lavel
Approx, 85 %,k = 2}

00 m
0,07
0.1
0.1
0.1

1

i

i
[.o1
0.1
.01
0.1

Ex<s<3ziiz izl

(210 = 297 m



w 3 4 F M
CALIBRATION CERTIFICATE

M WE
’ Y EI‘ ‘g :I“ j| % ettt icale M)
Hmum FAINE BEA MU MR 05 |1514 1419 - {1
v Hoj =] (Page of pages)

ML T FAX - (| =71 {1M(52)
1. 2 5§ JH ustomer)

F| 2 i Homed f=hlie Pl

F Z(Mldresy) SIS EMA WS S0 D 1684
2. & H JiCalibration Subject)

12| Y Deser ipt don} ST T A BRI

HEtal Al 8 B4 Mnulactorer J Tipe) 0 ABD 4 TC-25T

A M T serin] Mmber) - TCZTMOO3
3. BEE T Date of Calibratioa) 2048 38 3R
4, WFEH (Environmenl conditions)

£ E(Temparatural - (1e + 02} o

HTHE T Relative Hurmidity) { 50 % 2 )%WRH

B E A Localion) [l - g8 | Oolsny W EEEH

{Perniment Cal.Lokb) (Mabile Lahd (0w Site Calileat pon)

5 SYUFF9 2Z4(Traceshility}
HEWY S =34 (Calibralion nethod andfor Brief description)
T 77 E BAAE A G2 DEEEHM(HE-20-00M mEl S HEEQEINeS R S50 A240|
RS olala] g EEs| ol Eale DHEH S

DE AREE EFEN] EH(List of used standards [ specifications

AR B H EE ) W AT = BHRARE =27 g
(Blerseripot fon (arnifocturer & Hodel | {Serlal Mo} (Cal val il i 1) (Cal, Labaratory)
HE®RE(F) SRR 0 20 k) a4a 20t4-07-2a HEE B
BER &M BH M2 R (500 kgl DE-0501 {6 -0504 20150120 = FIN ]
EZZ (M) BHE 2E71R% 01 000 ka) 06-F100 2016-[2-07 O M| 2pe

G, a8 & M{Calibration result) REFAM HE (Reterence of Calibration result)
7. HE ST (Measurement uncertainty) ; BEE gLE (Reference of Galibration resuft]

o 2l = & ZH Meamurenent s per forned by) B 2 XM Approved byl
(AT ot oa) H o #iTitle) e (@) ._
- a2 &y & EHilnme) 8 & !

L}
W HE M AR M Internat ioanl uw:.mg\ﬁr’om:]m Couperal o} AP EH B (Mutea) Recognilion
Arrargement )l AAEHE SRS ET| RIS 296 BoWE gol B2y Ealy y,
IThe stowe calibration certilicate is che uocredi ted calibretion items by Baren Lolsratory Acorediistion Schems,
shileh signed [LAC-URA, )

20144 38 1

s3wwsz ey BHA H I & WEO

Accrediled by KOLAS, Repubilic of KOREA Fresident, JEANSUNG INSTRUMENTS O

K OF M54 = axze] Houhco] U8R 0lFe BB, 2, ok 519 008 Wiy B 35us S g
(Herel (f any sigricant instabdily or ofher advorss fBciorpvarioad, lempernture, humidty efc ) menifasls asil betare. during or
afer cakbration, and is fkely to afact tha waligity of the cafibration. )

HS-P-25-01{1/2%01) e R A2 O 2T i)
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TR e R
CALIBRATION RESULT

AHY Wy

lertificpte No, )
H514- 1418 - 01

o] ] { Page of pages}

e A
dasiie, Bt H 2l &

AJT BEA K BIRE 1056

Tl 7 G311 —49B-B783 , Fax : 031-468-A786 (2N ET)
@ 0LEIN
« J 3 B & TIMNHEIFIHE)(TC-2.5T)
 HAEY 2 500 kg
v Ol 0.5 kg
» NIHG TC2TMOO3
® EEAY
« AEEX fumit @ kg )
- I(=¥#H) —» _ 25000 (=H4%)
« BEFEHT 0.00 g
« HBE HEd -
HEga| xlalg EFE2E0 4BEB & (k) = [ ke b SR
{ kg } E2 M L =7 M 2 A (MappE afosw, 4=2 )
0.0 0.0 0.0 0.0 0.0
E00.0 500.0 B00.0 0.0 0.0
| 00,0 1 0D0.0 | 0000 0.0 0.0 0,43 kg
2 0000 2 0000 £ 0000 0.0 0.0
2 5OD.0 2 500.0 E500.0 0.0 0.0
Bla1 1, mHEEh=FHEs waldb+ 2EHE &2
HE-P-25-01{22)(01) e AQ{Z1 000 257 o)
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38 dXHAM

= o= o M Certificate No.)
‘ i oy P_I- E BEH % %’} 1419151-3
I HE S8 HFHR 606 (d-Cl&al X BE 88 B OIR(Page) (1) /(& 3)

Tel: §2-859-1600, Fax: 07-A61-8585

1. 28 G Client)
I 2 (Nama) DO E
FEalAddiess) c EHIE EHA WED FEAS20ME 184
2. Z37|(Calibration Subject)
713\ i Description) ¢ BEINBH(RECORDER)
M= ArManufacturer) ¥ 84 (Model) ©  YOKOGAWS ( My230
21718 Z{Serial Number) 1 550806505
3. W EE I Date of Calibration) s 243 1@ 288
4, W HE A (Environment)
25 (Temperature) f2et0d T & S (Humidity) V(48 % 3) % ALH.
I8 &4 (Location) ; AEB=H(CLABR Lab) [ ClELRE(MebllaLab) [0 #2200 Site cal.)

5. &3O x| AZM(Traceability)
nEYE W 4249 Mdes(Calbration method and/or brief description)

&7 A7l EETMNACIR/ZEANEE0EI| E ZFHPEEM(CLAB-TM-50102-155) 0 E2}
FNRABENRSERH FHY 2240l 42 i3z BFEEHIE 01280 B3 &LICH

WEMH AEES BEEHE BHILst of used standards/apecilications)

No. Bl HEE A U B Ee  HIDBNELRD DEIE
| PRECISICH PROCESS CALIBRATOR FLUKE  TE36A 25EARET 2014.12.22 R EEE
|
6. 1l & 2 M Callbration Results) ; DNEENEE

7. SE 28 {Measurement uncertainty) : WEN E#E

& o =&l T Measurements parformed v =P HAppraved by) ~
(Atfirmation) | & BName) 82 AR(Te)  Jl&=YTHE )
HAHihama) BES

W aT k= T HARN2EEE S nlamatonal Laboratory Accreditabon Cooperstion) #5938 B 2{Mutual Aecogniton Sranpement) i
M8 SR NI (KOLASIEREH W2 Pors IEF IO

20144 118 288
B=EpiENF B BI‘ ;ll g E (—J:A [HEOI*"
Accrediled by KOLAS, Republic of ROREA President, Hankook Cal-Lab Co., Ltd.

HESREAN Bdy HRdg 605 WE-CiEdl X BE 08 TEL : 02-850—1600 FAX : 02-BE51-B585
B G B s RN AEREH SE 1N 2090, 25 ak 58 28 B8 Fdd afde FEA @LIOD.

F-QP022-001/A4P
2003.04.20 REV.OF P
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f DHZ Y
M 2% ey 606 Dia-CiEo A BS o

Tel: 02-869-1600, Fax: 02-861-0585

5 M 2 (Certificate No.)
1419151-3

W0l Z{Page) {2)/(&3}

. 2EEnFEA0

Sansor Type © K

(e80T
o™ &=t Tl A2 S2ad =R
—-30.0 -30;1 0.1
CH-1 0,00 -0 0.1 LB B
100,00 98.9 0.1
e JEY A At HEE SazZscT
~30.00 -30.0 0.0
CH-2 0.00 0.0 0.0 017
100.00 100.0 0.0
e ezl T Algt HEal SEBEAC
~30.00 -24.9 -0.1
CH-4 0.00 oo 0.0 0.7
100.00 100.0 0.0
Pt JEal Mgt = SEEaT
—30.00 -po.g -0.1
CH-4 0.00 0.1 -0.1 oA
100.00 1001 -0.1
F-QPO22-002/A4P
2013.02.04 REV.02 BISEHEF
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w3 &

Q HE S MM 606 HE-CIRE A BS 03

Tel 02-BEI-1600, Fax: 02-861-B585

H8 M BEE(Cartificate Mo.)
1319827-5

0| 01X (Page) (3)/1Z3)

1. 2zag2y

Sensor Type : K

=
s NE&E XAt HEd EHEST
~30.00 -20.9 -1
CH-5 .00 Q.1 —0:1 017
100,00 100.1 -0, 1
I =gk XAl gk sSE ZHEAT
30,00 -25.9 -0.1
CH-& 0.00 0.0 0.0 017
100.00 100.1 -0.1
¥ EIAPAUE  ME|HEDRILY k=2
g PAL = JEd - AR
#H) NEFgMH= 2ETdAAE e PEAHLY,. 2,
¥ 2N LEINS TNENE 2999 H41F0A DAS IF F=J) 12 W&
F-QP022-D02/A4P
2013.02,04 REV.02 B W AT
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YA NN

= A& N B S(Certificate No.)

32 3H 2H dRM 8=

ot_l- = = B (QC'_) 1417031-1

Ng 28 A242 606 LHE-CIE2lA BS 85| HOIXI(Page) (1) / (& 3)
Tel: 02-869-1600, Fax: 02—-861-8585

1. 22 X(Client)

J| 2% (Name) S (F)olHME
ZF2A(Address) D EIE ZFA WEY 222211082 18-4
2. £3J|(Calibration Subject)
J121 2 (Description) D ARFYA,2EXNATEAHRLESENAEZEH)
HI &3] AH(Manufacturer) 2 & 4l(Model) : SAMWONTECH / TEMI2500-00/SD
J121®1 & (Serial Number) : S7800NB9250419D
WA XH(Date of Calibration) 120144 10" 27Y
4. WA &H(Environment)
2% (Temperature) © (22.7£0.5) C & & (Humidity) © (45 £ 5) % R.H.
WA F A (Location) ¢ m DHEFA(CLAB Lab.) [ 0IS 2 E(Mobile Lab.) O & WA (On Site cal.)
5.8 T =9 AZ4H(Traceability)
wHEY L 234 M=(Calibration method and/or brief descnptlon)
201 J01= @ XAIA /I8 /2B, 251F)| S, 2F HYH RHYLEEA(CLAB-TM-50102-155, 40112-079 )oil @2}
FNFFEEBIZCZRH FSH 4240 &2E Ooleiel EEZEHIE 012510 DA ASLICE
WO Ar2st EEEH| ™Al (List of used standards/specifications)
No. 2101 MES|AFL SAl JDIHs INDHHBLX WA
1 PROCESS CALIBRATOR FLUKE / 7418 9527019 2014.12.17 EEYET)
2 PROCESS CALIBRATOR FLUKE / 7418 9631012 2014.12.17 HRBUE
. WA Z J(Calibration Results) WHEAYL HE
7. £8 28 T (Measurement uncertainty) : wWEZY X
g o &M XH(Measurements performed #y) 21 XHApproved by)
(Affirmation) | £ (Name) &85 QY (Title)  JEHAT(E),R)
dH(Name) &S .

A 4BANE S HAIEIIZF 82 M (International Laboratory Accreditation Cooperation) 43 18 8 & (Mutual Recognition Arrangement) il
NSt St201H | 2 (KOLAS)Z 2 H 30182 20t nEAWALICH

20144 10& 28¢
: 2 HHOIA
SHROIFI|T AF ?_I' E EH EO A
Accredited by KOLAS, Republic of KOREA president, Hankook CaI-Lab CO., Ltd_

NESEA SV ARM2 606 E-CIE2|IA BS 85 TEL : 02-869-1600 FAX : 02-861-8585
&0l FENE FFI|Q LIS SE2 0IXE RA(URE, 25, &5 S)2 SAS B LMS A0 251 ELICL

F-QP022-001/A4P
2013.04.20 REV.07 SEWHE(F

LE
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w & Z2

N2 S8 A2M2 606 HE-CIE2IA BS 85

TXE=

Tel: 02-869-1600, Fax: 02-861-8585

H X AN &S (Certificate No.)
1417031-1

HI 0l Xl (Page) (2)/(Z3)

S

3
o
<

TORY ACCRED
S 0

D
5
>

o «
8Ramon no. KT

1. Temperature Calibration

Sensor Type : Pt100 @, a. = 1.385

(&2l C)
STD. Value Measured Value Correction Uncertainty
-40.00 -40.2 0.2
0.00 ~0.2 0.2 0.24
120.00 119.8 0.2

3 STD. Value = Measured Value + Correction

F-QP022-002/A4P
2013.02.04 REV.02
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w & 2

NE =& MRM2 606 HA-CIE2IA BS 85

Tel: 02-869-1600, Fax: 02-861-8585

A XA B S (Certificate No.)
1417031-1

HI 0l XI (Page) (3)/(&3)

ay ©
LsRanon o KT Z

2. DC Voltage Calibration

* Range : DC1V~5V

* Scale @ 0% R.H. ~ 100 % R.H.

(&s1:V)
STD. Value Measured Value Correction Uncertainty
1.000 0 1.000 0.000 0.003
2.000 0 2.000 0.000 0.003
3.000 0 3.000 0.000 0.003
4.000 0 3.996 0.004 0.003
5.000 0 4.996 0.004 0.003
*EHAHCIOIE 2t
* )| E & -25+25xV
(22 1 % R.H.)
STD. Value Measured Value Correction
0.00 0.0 0.0
25.00 25.0 0.0
50.00 50.0 0.0
75.00 74.9 0.1
100.00 99.9 0.1
¥ STD. Value = Measured Value + Correction
¥ Uncertainty : 8l2l&E 2495 %, h=2. 2.
¥ It 2 NEME 2228 M4 Z0A DAISE nE I 12 i€
F-QP022-002/A4P
2013.02.04 REV.02 SIS EHE(FI
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S|Egtol . M7 9 AlE#H ol HEA
S| Evjo]l . H7 AAFE st s AFAA AA
1A= i HEEs g
» GDU PCB 4 A& A2
s 887 AR AE X
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