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Pressure(abs)
1000

Vacuum Degree Classification

Pressure Range

100 ,~
10 ,—

Vacuum Degree
[mbar] [Pal]
x =
(I owx-l/;l::u m) 1000~1 10°~100
S&3 s 3
(medium vacuum) 1~10° 100~0.1
N&3 g .
(high vacuum, HV) 10°~10" CH 0.1~10
_JTC_D_I._I-E- -1~1(0-10 5_.1N-8
(ultra high vacuum, UHV) 107~10%° CH 10~~10
vl <1010 <108

(extremely high vacuum, XHV)
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Dr. Walter’s work

Vacuum Pumps Classification

VACUUM PUMPS

Gas Transfer 7|.A Ol ANl IHIT S XAl ™ II Entrapment
Vacuum Pump — © 1 O— =HOo 1 O— Vacuum Pump
[ I 1
Positive Displacement ox A\A| Kinetic o g CFA Adsorption
Vacuum Pump o (Ol o) =1 Vacuum Pump ™o ol: 7(|_-I = —l Pump
I : 1 [ — 1
Reciprocating Rotary Drag Fluid Entrainment lon Transfer Cold Trap
Displacement Pump Pump Pump Pump Pump
I I
Diaphragm Liquid Ring Gaseous Ejector Bulk Getter Getter
Pump Pump Ring Pump Pump Pump Pump
I I
| [ 1 [
Piston Rotary . Turbine Liquid Jet Diffusion Getter lon Sublimation
Pump Piston Pump Pump Pump Pump Pump Pump
| I I 1
Multiple Vane Sliding Vane Axial Flow Gas Jet Diffusion Self Purifying Evaporation
Rotary Pump Rotary Pump Pump Pum Ejector Pump Diffusion Pump lon Pump
Rotary | Radial Flow Vapor Jet Fractionating Sputter lon
Plunger Pump Pump Pump Diffusion Pump Pump
Dry Roots Molecular c
Pump Pump Drag Pump ryopump
Turbo molecular q
Pump Condenser
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Vacuum Pumps Classification

Piston al= Outlet
o Check
Valve

(Gas transfer Pump)

Cam

- Inlet
/ Check
. e —_— o Head Valve
- 8M0| & A (Displacememt) B : 2E{2| HZ cglo] Ho s
- 25 MY (Kinetic) = : H{HEX} =, 3
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Vacuum Pumps Operating Range(1)

Rotary Vane }-Iechﬂniir:ﬂl Pump
Rotary Piston }-Iechmlnicﬂl Pump
Dry Mechanical Pump

Sorption Pump , |

Blower/Booster Pump ]

Venturi Pump : , |

High Vac. Pump Sl |
I  Ultra-High Vac. Pumps
|

1
| | | | | I | | |
10-12 10-10 10-3 10-° 104 102 1 102

P (mbar)
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Vacuum Pumps Operating Range(2)

Rﬂ:ughing Pumps
i

Ligquid Nitrogen |

Trap I
Diffusion Pump | [ |

Turbo Pump - 00000 1 |
Cryo Pump —— |

e, SuPl e — .

Pump
| | | | I | |

10-12 1010 10-3 10-° 104 10-2 1 10+2
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Vacuum Pumps Operating Region(3)
Related with Q P, and S,
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Throughput Q [mar.L/s]
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80K Baffle

80K Shield
15K Panel
Cold Head

(2nd Stage)

EHENEAA)
Cold Head

(1st Stage)

LHE7|UNIT
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High Vacuum Flangg
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Housing i "
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20| H=Ze} TMP Ato[2] £4d H|u

Items

Cryopump

Turbo Pump

Remarks

Performance

higher

Medium and high

CP: Powerful Pumping performance

Pumping Method

Entrapment pump

Mechanical pump

With/without moving parts in pump

Good for Type Il gases, Water

Bad for type Ill gases, Water

Cryopump is Only one to pump water!

Possible to large size

Impossible to large size

In vacuum, Size = pumping ability

complex Simple CP: consists of compressor/pump/a lot of
System ) :
(Power + Cooling water) (Power) accessories
Vacuum Process Reqener.atlon No reggneratlon CP: has periodic regeneration cycles
Non-continuous Continuous

Price

Relatively low cost

Relatively high cost

12 012401 (CAN)

2¢ ool

e
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Full_Regen-GVT.pptx
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i 217t 7+ StLt. j

PUMP FLANGE //

ATTACHED TO
?YSTEM /

=

TITANIUM

\ p /

BAFFLaq\ @ =

85% Ti, 15% Mo =
FILAMENT -

VACUUM
/~ GAUGE

— HOLDER —
(USUALLY HOLDING
3-4 FILAMENTS)

PUMPING _ //
/' SURFACE ™ /

(~1000 em?) Y,

/N ¥4
WELDED 30 em ¢ s/
STN. STL. DOMES

n \
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PUMP PORT

~150 mm
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m Cryopump | T™MP_______ 4 2

L EH TS Base pressure [mbar/Pal Bake-out= €%t =2 XS5k
2 i 7| % & Pumping speed [L/s] 715 =03 Ty} =2
b 7| &8 2 -
_ b Sl
Pumping capacity [std. L] CryopumpOf| 2t 313
4 Z|CHF2F Max. Throughput [mbar L/s]
5 WKXEgE Cross over - Cryopump®| 2t sjj =
6 HZEAIZF Cool down time  EILCHR AZH(EE EIX)
[min] [min]
Jep M Al Zh(cryopumpOi| 2 6H':*) R SH|(TMPO|| 2 3 &), AH|H
o 48 s U8 871 50| /2.

& TMPO| Hi7| £ = 57 %*E.*P_ = 7{: PNEUROP 5608, ISO 5302, I1SO 21360, ISO 21360-2, ISO 27892, AVS 4.1, AVS 4.2 [2-8]
Q 0| EZof Hi7|HE = L-el 27
*1S021360: Vacuum Technology - Standard methods for measuring vacuum pump performance
* PNEUROP PN5ASRCC/5: Vacuum Pumps - Acceptance Specifications - Refrigerator Cooled Cryopumps - Part 5
* AVS: Recommended Practices for measuring the performance and characteristics of closed-loop  gaseous helium cryopumps
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Test Dome #1 Test Dome #2
Throughput Method Orifice Method

P—P
4 é;: (-\r( ;_P{Iﬂ_l}
S: Q/ P Hizh Vacuum Pump b Ied]
| C= ﬁ _ ! d
d(PV) _ _dV _ _dP = . 32M 1+1/d
Q= e » LA el _____"_% ety e — . e
df_ df_ (ﬂ_ S mE ' = “'-whnn_ifiiump = Mechasical Pusnp L _,O_E/_U/_ —,—]]//
oil | oil ] a: _IO_E/'LT/Lk 5/%—1

Schematic diagram of the apparatus for high vacuum TMP performance test.

EN: o= 3ES|X| M19¢ 4=, 20104 78, pp.249~255, HHEZAHEZI(TMP) Hi 7| &= S70f st n&
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FEH 21

10

Pressure [Pa]

TMP 1000 L/s Pumping Speed: Throughput Method

—o— TMP 1000L/s N, Vendor Data
—=— N, Pumping Speed: Throughput Method;

Pumping Speed [L/s]

D

107" 10
Pressure [Pa]
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Inlet Le

Inlet Upper Pressurel-
P

T T T T
0.0 05 10 15 20 25 30

Elased Time [h]

Pumping Speed [L/s]
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| C_=36.167 s

C,, = 49679 Iis

o

] Conductance Difference [%] = 27.199 %

{ —e— N: Pumping Speed: Throughput Method
: —*— 1st N, Pumping Speed: Orifice Method
| —o— 2nd N, Fumping Speed: Orifice Method

—a&— N_ Pumping Speed: Throughput Method + Orifice Meth

10° 10°® 107 107 10 10
Pressure [Pa]

10°
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Recommended practices for measuring
the performance and characteristics of
closed-loop gaseous helium cryopumps

Recommended practices for measuring the performance and characteristics
of closed-loop gaseous helium cryopumps H

Y NN NN NN NN NN NN NN NN EEE NN EEEEE NN EEEEEEEEEEEEEEEEEEEE smEmmnn?

Kimo M. Welch®
Pollock Pines, Calffornia 95726

Bruce Andeen
CTI-Cryogenics, Mansfield, Massachusetts 02048-9171

Johan E. de Rijke
Vacuum Technical Services, Morgan Hill, Californta 95037

Christopher A. Foster

Cryogenics Applications F, Inc

Marsbed H. Hablanian®

Chinton, Tennessee 37716

Hydrogen Pumping Specd VS Capaciy Profile
Varian Assoctates, Wellesley, Massactusents 02481-5221
Tost Condibons
Raiph C. Longsworth GAS PUMP TEST P
APD Cryogenics. Inc.. Allentown, Pennsyhania 18103-4742 INLET ~/~ DOME “Gamp. HCTOE0R oy Marceal: Kuraray mm "2 pumping capacty  42.0 sk Litors
/
William E. Millikin, Jr TUBE j\
Balzers, Nashaua, New Hampshire 03062 ~ . e
Y. Tito Sasaki _ - VARIABLE - - o R AT o™
Quantum Mechanics Corporation, Sonoma, Caltfornta 95476-1579 “\ e m Lh A
Constantinos Tzemos Yo~ 10° i W h‘ﬂfW‘
CVI Ixorporated, Hillard, Ohio 43026 &
I L F ‘ﬁ —
(Received 23 December 1998; accepted 7 May 1999) D Eroeo x
This article establishes a set of for vely charactenzing closed-loop I\f}:{."lc')l‘ﬂqﬂ =, t e L -
e:seous helium cryopumps. Topics mdude a listing of technical definitions and hardware Y
of cryopumps: safety d in the use of cryopumps: methods and procedures K Tt Coniions
for detemuming the speed. ultimate presswre, capacity. cool-down time, impulsive gas load (1) Gomp : HCT0 , 250psigiCharge Pre)  pronsaor Trvd Pum, :: mmmum - b mhan
VIV : 275psig seting ydrogen Pumping Speed T A e Speed - 14,756
tolerance, regeneration tume, thermal radiation tolerance, and maxmmum throughput tolerance of @) Pump i - SW : 35W Expander e o 2 o0 Lis
cryopumps. and. a method of measuring the vibration characteristics of cryopumps. © /999 TEST (3) Calibrated Gauge seffing(= 2 CH2) C;a::o: m Kl;m!:'-n - Pressure mﬁmm
' 5 ; ko : {4) Test : ENG Bench #2 - - :
American Vacuwum Society. [S0734-2101(99)06405-2] CAS F D 4._{ GA (5) HZ MFC RANGE : 0~50sccm AWW“-EM fﬂ?mmﬂ, Dome)
1.5E+04 50
I. FOREWORD 116G and | \ H
= i Fic. 2. Single-dome flow-meter pump speed measuring appara [l B v A
This document establishes a set of unmiform procedures for Callbnnog Df o cnnc:lndms ation WEl S8 vecse 3 ——Pumping spseaiLrs) E
ik ok g - gauges, gas flow meters, temperature measuring instru- 1 ] »
quutitatively charactesizing oop, gaseous helm  p oy ") be traceable to the National Institute of Stan- & = L
cryopumps. It does not treat the characterization of ary- 4y g Technology (NIST), or some other recognized na- 2 e £
opump refrigerators o liquid helium cryopumps. The former 0,1 standards laboratory. However, it is permitted to H “E
subject is pnmanly relevant to the design of cryopumps. and . ume that vacuum gaugine (e.g., Bayard—Alpert gauges) & H
beyond the scope of this practice. The latter is of very lm-  wj|i be lmear over several oxders in magnitude beyond the ©E
ited use, and believed not to ment inclusion in this recom- diate range of calib used to mea- &
mended practice "
P sure cryopump array temperatures in all applicable tests shall p— Py po— o

These recommended practices are based on sources and
information believed to be reliable. However, the American
Vacuum Society and the authors disclaim any warranty or
Liability based on or relating to the contents of this matenal.
Nothing in this practice should be construed as an endorse-
ment of a mamfacturer or supplier of equipment. Special
attention should be paid to Sec. IIl, SAFETY. before pro-
ceeding with any of the recommended practices
editor:

“Consultant. Commirtee Chair, and elecromic  mail

kmow @ mforum net
"Retired.

3081 J. Vac. Sci. Technol. A 17(5). Sep/Oct 1999

0734-2101/99/17(5)/3081/15/$15.00

have accuracies of *05 K

1.2 Accepted vacuum practices

These recommended practices require high standards of
quality and workmanship when preparing and operating the
vacuum test equipment. It is assumed that the user has prior
knowledge in acceptable vacuum practices, and in the use of
good expenmental techmique. The user unaware of these
technologies 1s referred to existing Amencan Vacuum Soci-
ety Rec ded Practices published in the literature, basic

©1999 American Vacuum Society 3081
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Cryopump?
|2 High Vacuum Pump with cryogenic
i b technology
A cryopump or a "cryogenic pump" is
a vacuum pump that
traps gases and vapors by condensing them

al212]
(Compressor)

on a cold surface

<ojlo{ => {Cryopump Set>

1} 012401 (CAN)

2tt ofzfo]

-3 - X
G-M IX2AS7|
S w

[ Cryocooler }[Supply&Return}E Helium }

or Cryopump Helium Hose Compressor

==
/

2"d stage

74

1st stage

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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ACE
The Cryopump Structure and Operating Principle

H;. He, Ne

g g g g g gE gl L T L™ g
I g P o T T T T T N Y

1. 15t STG Array(Baffle): (40K~80K)

- water pumping

- protect 2nd STG Array from the ,
Radiation Heat of main chamber . — -

2 STG

2. Radiation Shield(CAN): e
- protect 2"d STG Array from the
Radiation Heat of pump body

1stSTG

3. 2nd STG Array(Charcoal Array):

(10K~14K) 12K Arrays|||

- type Il, type lll gases pumping w/ Charcoal

X Type | gas: A gas which is cryocondensed at the operating temperatures of the 15t STG array (H20)
Type Il gas: A gas which is cryocondensed at the operating temperatures of the 2" STG array (N2, 02, Ar)
Type lll gas: A gas which can only be cryopumped by cryosorption, and usually through the use of
a sorbent material(generally, activated charcoal) at temperatures of under 20K (H2, He, Ne)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr 20


VACUUM.PPT
Full_Regen-GVT.pptx

Pump Upgrade from ICP to HP Series

M L-TYPE PUMPS COMPARISON (HPM .vs. ICP) B

HPM
SERIES

ICP
SERIES

ICP200LQ-ISO ICP250LQ-ISO ICP300LQ-ANSI ICP320LQ-ISO

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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M Up-TYPE PUMPS COMPARISON (HP Series .vs. ICP) W

HP
SERIES N
'&’&i
=&
HPM30Q
JIS JIS JIS JIS
ICP
SERIES
ICP200Q ICP250Q ICP300Q ICP400Q ICP450Q
JIS JIS JIS JIS JIS
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HPM40L or HPH40L

ACE SYSTEMS (Ace Cryo-Engineering Systems)

320|2

i

GVT, Inc

GVT Cryopu
HPM40L Custd

Genesis HPMAOL Clssic is a GE and SEMI complig
surface analysis and high vacuum research applicat)
optimally tune cryopumps to customer specific appli
norm.

Built on the high wattage refrigerator platform, the
sacrificing the radiation capacity. Genesis pumps an)

They
on th
desig
Keepil
focus|

the cf
the p

achie|

“grou]

The HPMAOL Ciassicis available in two different
the tool interface. The ‘0" optien pumps include an inj
dual heaters and temperature sensors. The Gen3 cor)
the sensors, fransducers and gauges which are mouw]

Apart from its capability to perform “Partial Regener]
ways. Either of the methods ensures effective clean-4

The closed loop compressors that drive helium throy
The 'Optional Smart Compressor” if procured, can givl

GVT. Inc, 577-4

HPM 40L Classic
TECHNICAL DATA & ORDERING INFORMATION

TECHNICAL DATA

welght (kg) 42 42
e » wnmfp LR . e CEEE . L L Y
o Nitrogan 5,000 5,000
Hydrogen 15,000 15,000
Pumping Spesd ( LiterSec} Amon 4,500 4,500
water 16,000 18,000
Base Prossura Tarm <10? <10?
Maximum Flow Rate for Argon Tar LivSec 13 13
Argan 3,500 3,500
Pumping Capacity (Std Liters) Hylr?mgan 4o a
M Crossover Throughput Tar L 550 550
2 Cooidawn Time Mnutes 80 80
" standard Regeneration Time Full Regenaration (minutes) 160
:Mﬂn 30 min extanded purge for Full Regen) Quick Regeneration (minutes) 70

DRDERING INFORMATION

HPMACR - Ml Mo S W00 0,8 8 0 8w .
Expander Rght
§ - This place halder |s for the type of flange that Is used. It Is

s ENEEEEEEEEEGAESEEEEEEEEEEEEEE
5401 HPMADL HIgh Vacuum, Exender Fig

1:ASA 2Z:CFF 3:150 (Clamp) 4: ANSI, ASA Rotatable

EEessssmesnsnnnny
Hag1-§01

L4

@- Under Devaloging 5:CFF Rolateble €150 (Boly  7tJIS. (4,56 Special)
PART NUMBER
Hollum Compressar 2.1 Compressor &31-1200/1300 For Ong Pump Operaton(50HZ/80Hz)
TA1-2100[3F 2200
Hallum Compressor  HCBOPIUS 741-3100(F 381 For Muttl-pump Oparation
B850-2050 5 Moduls Controllar
Gan3 Confroller (For up o 5 pumps) B50-2030 3 Moduls Canfrollar
8501210 Half Rack, 1 Moduls
Cryaboss Netweork Controlar B45-3000
Compressor 0 Cable, DBO, MJF, 50 1t 142-003050
Use whan more than 2 compressors are
Comprassor V0 Cabie, Dual, 50t 142-004150 ity 0 0no Gen3
iclar power Cable, 20 1t 131-D00820 For Other L angth, Comtact GUT
Pump Digitizar Gabis, 2010 131-008420 For Oiner Langin, Gantact GvT
A Haatir Power B 130-001 220V
AC Haatar Cabla Assemily, 25 142-003925 For Other Langth, Contact GWT
Heator Distibution Box Power Cable, 10 1t 142-004010 For Other Langth, Contact GWT
Comprassor Power Cord, 151t 12100880001 1 50X For Other Langth, Contact GVT (2.1/HCBOPILS)
Handheld Sarvice Taminal 140-000700
For multipla pumps on the same comprassar,
Hallum Hosa Sat contact GWT and manifold
) . 585-003 1:2, 34" @ hose Sat : For 2 pumps
Manitold Sat: 0N Compressor : Mult- pump 565-004 124, 344" @ hoso Sat : For up to 4 pumps
141-005200 211, 3/4" To 2x3/4" Aaroquips
Manifold Set:  Multl-compressor Connect 141-005400 2 To 234" Asroquips
‘o Tool Mantfold 141-005600 31, 3/4" To 3x3/4" Asroquips
141-005800 31,1 To 334" Acroquips
¢ important Not the right to without notica In our products and In the Information and contant of this brochura.

Tha statsmants and INformation In tha brochurs ar Intandsd to sarve only as guides. TRAre ara o warrantles or binding cescriptians of the proaucts.

GVT, Inc, 5774 Chilgoe-Dang, Pysongtask-8i, Gysonggh-Do, Korea 459-050

www.gvtkr (LDJ Rav A)

https.//www.acesystems.co.kr
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A20|EZo| dSAl

HPM 40L Classic
TECHNICAL DATA & ORDERING INFORMATION

TECHNICAL DATA

CLASSIC MODEL SPECIFICATION
Welght (Kg) 42 42
Spaca Envelop (Fater to Outside View DWes) L XWX H (mim) 520M225X733 520X225X735
Hitrosgen 5,000 5,000
Pumping Spead { Liter/Sac) Hydrogan f‘l':a';“ f‘l':a';“

Basa Pressure
Maximum Flow Rata for

Pumping Capacity (Std Ly
Crossowver Throughput
Coolcown Time

stancar Regenaraton Ty
(With 30 min extanded puj

ORDERING I}

HPMAOLA - Culck Regen.
ont

Exparder Al
§ - This placa Nolder 1S
@- Linger Deweloping

Hallum Compressor 29|

Hallum Compressor  HGH

Gand Controller (For up o

CryoDoss Network Controly
Comprassor 1'0 Cabida, DBY

Comprassor 'O Galik, Dus
ol pOWET CaDig, 20)
Pump Digiizer Cable, 20°
AC Haatar Power Distr
AC Haatar Cabla Ass
Haater Distdbution Box
Ca ssor Power Cord, 1)
Hardneda Senvice Tamminal

Hallum Hose Sat

Manifold Sat: One Compry

Manftald Set:  Muttl-comp
o Tool Maniiold

W Importart Notlcs: W ress
Tha statemants and Infomy

TECHNICAL DATA

Weight (Kg)

Space Envelop ('Re'fervto Outside View DWGSV)'

Standard Regeneration Time

(With 30 min extended purge for Full Regen)

www.gvt.hkr

Nitrogen
Hydrogen
Argon
Water

Full Regeneration (minutes)
Quick Regeneration (minutes)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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The Pumping speed, S, Calculation by Monte Carlo Simulation

Model h1 h2 r1 r2 ra ro1 r02 | gap SP_y» SP_n»
25,7 | 19 | 283 | 7.9 13 6.8 | 255 | 1.37 | 31000 8300
550(2) 22 12.5 25.5 40000 10600
22 12.5 (23) (44000) | (11800)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

https.//www.acesystems.co.kr
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Baseline Test Apparatus

S I
INLET —, S
TURE .

VARIABLE -
LEAK -<0.1D  p/2
D
11 nyz
VACUUM
GAUGE

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr 26



ACE SYSTEMS (Ace Cryo-Engineering Systems)

1. Pumping Speed

S,=Q/P

Here,

Sp : pumping Speed [L/s]

Q : Flow Rate [sccm]

P : Pressure [mbar or Torr or MPa]

V.6.2 Definition

Pumping speed is defined as a volumetric
displacement rate or volumetric flow rate,
and is the value of the quotient Q/P
anywhere in that systems. The units of
pumping speed are liters per second, or L/s.

https.//www.acesystems.co.kr

S, = ¢ A, V/4

Here,
c: capture probability
A,: entry aperture Area

GAS PUMP TEST
INLET —_ ~ DOME
TURE _ Vs
VARIABLE . \- £ *
ARIA :
LEAK -<0.1D p/a
FLOW  — S ¢ D
METER . £2 il p/e i
\ = =
PUMP
a INLET :
TEST \L VACUUM
i —-' | iy————
GAS = D — GAUGE

Fic. 2. Single-dome flow-meter pump speed measuring apparatus.

27



o 1. Pumping Speed

Test Conditions
1) GAS : Hydrogen (99.999%) “Max. Pumping Speed - 3543 L/s
2) Pump : HPM 20Q . ] : ; -

Comp. : HC80 Plus (250psig) Hydrogen Pumping Speed Average Pumping Speed : 3490 L/s

3) MFC(0~50sccm) (HPM20Q-Proto#1) e oy ek speed)
4) ENG Test Bench#1 : 09,

5) WM Type Array Tested by MH Han

Test Result

4 0E+03 40
|
g
@
3 = P umiping Speedil /5]
wn
o  3.0E+03 V) 1 20
= = T2(K)
o floweratelscor)
£
=
o
2 5E403 [ e = " - - 10
2 0E+03 L L . . 0
1.00E-06 510E-05 1.01E-04 1.51E-04 2.01E-04
Pressure({Torr)

Temprerature{K) & Flowrate(sccm)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



A(ACE}
e 2. Pumping Capacity

GAS E,_UMP TEST

ety INLET —, ~ DOME
V.6.2 Definition TURE N\ )/ *
V.2.2.1 Single-Gas Pumping Capacity: The MEEL:LELE*-\ _if*:__‘_;:ﬂm b2
quantity of a specified RT(room temp.) gas, in | ~10° \ .
Torr L(or mbar L or Mpa L), which can be A\PH: By] 4 0
pumped at any pressure, while thereafter, at a METER ~\, N§7 ‘ —MT,E
specified pressure Pt, the pumping speed Sp, \ = =
is 50% of the speed at Pt, and as measured %ﬂ INLET ,
subsequent to a regeneration. TEST g - h}fﬁé’ﬁi

Fic. 2. Single-dome flow-meter pump speed measurning apparatus.

V.2.5.1 Rating: Plot the pump speed for test gas as a function of the amount of gas which has
been pumped. Interpolate the data to establish the quantity of gas pumped at which time the
pump speed Sp at Pt is 50% of the average speed, Smax.

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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e 2. Pumping Capacity

Test Conditions

1) GAS : Hydrogen (99.999%) Test Result
2) Pump : HPM 20Q . Hydrogen Pumping Capacity - H2 Pumping Capacity: 55.0 std.L
Comp. : HC80 Plus (250psig)
3) MFC(0~50sccm) (HPM20Q-Proto#1) Test Date: 2011.10.20~10.29
4) ENG Test Bench#1 Tested by MH Han
5) Wm Type Array
£.00E+03 100
—— Pumping Speed(L/s)
4,50E+03 ——T2(K) 90
4,00E+03 T1®) 80
3,50E+D3 0w
= 3 00E+03 e 60 <

= 3 ACun ! “"“'H-""'v"-n-.- _ﬁ

- o

® 2 EIE+D3 - 50 o

3

=0

L1 o B e s N ] P 1 40 2

="

E 1,B0E+03 ' 30
1,00E+03 20
0.00E+00 0

0 5000 10000 15000 20000 25000 30000 /000 40000 45000 50000 E5000 60000

Accumlated Hydrogen(standard cc)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



AAcEs>
3. Max. Throughput (for Ar)

V.8.2 Definition

The maximum throughtput is the maximum constant RT gas flow rate, in Torr L/s, which a
cryopump can pump with temperature T2(2" STG Temp.) at 20K

[Condition]
- T1(15t STG Temp.) >65 K
- T2(2" STG Temp.) is in the range of 17-23 K.

[Rating]

- record a minimum of 6 stabilized temperatures and flow rates.

- Both array temperatures must equilibrate for >0.25 h(15min)
prior to each reading.

- Of the six data points, at least two T2 temperature measurements
must be taken above 20K, and at least two T2 temperature
measurements taken below 20 K.

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr

31



3. Max. Throughput (for Ar)

#: Test Conditions.
1) Comp : HC80 plus .
oD MO EF HPM20Q CF Argon Maximum Throughput TestDate : 2011.10.07, by mhhan
2) P
; : - TestResults :
(3) Calibrated Gauge setting (2 91) - Charcoal : Kuraray 2mm .
(4) Test: ENG Bench#1 - New Array Max. Throughput: 12.2 Torr L/s
-1st Test
20 I 5
18 -
F = - = = = a 1 E0
ﬂ; 16 | <
5 1 45%
: =3
R E
% 14 ¢ a
3 g
£ - 1302
= 12 -
[ | —a— Max. throughput(Torr l/s)
I
F 15
10 1 : —a—T1(K)
1
1
8 1 1 v 1 1 0
17 18 19 20 21 22 23
Second stage Temperature(K)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



4. Crossover

V.8.2 Definition Gas PUMP TEST
The impulsive gas load tolerance is the ITE{%E N\ -/
maximum quantity vapape 1 *
of RT nitrogen or argon gas, (PiVi) in Torr |, LEAK T\ _};ﬂ <0-1D /2
which can Vi=known Sy . 4
be admitted into a cryopump in a time interval volume | e+ D
of <3.0 s, vz
while T2 remains at a temperature of <20 K. |
Specified Gas \L VACUUM
Pressure GAUGE
Pi=variable

(For example)

Pi [Torr] -E--E--E--E-

Vi [L]-fixed
Crossover 660 770 880 935 990
2" Temp. 18.0 19.0 20.0 21.0 22.0

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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4. Crossover

Test Conditions
- o
1) GAS : N2 (99.999%) Test Result
2) Pump : HPM 200
Comp. : HC80 Plus (250psig) _Crossover: 840 Torr L
P psig Crossover Test Date: 2011.10.15
3) Keller Gauge / 5.5L Chamber Tested by MH Han
4) ENG Test Bench#1 (HPM20Q-Protoi#l) Y
5) WM Type Array
1200 SO0, 0
i 1 s00.0
1000 = a ]
- I 1 a00,0
E - —m—Crossover(TorrL) .
S o == = e e o e e e me e e e e e e e e e e e e e e e e T
| = 4
2 300 —=—T1(K) — 300.0
o i |
b I = —+=—Pressure(Torr) ]
=4 ; |
| = - i
S | 1 200.0
i —— — ]
00 e | :
i — * i -
I | 1 1000
- » . o o 7 :
A00) i 3 3 3 i OO
17.0 18,0 12.0 20,0 21.0 z2z.10 23.0
Second stage Temperature(K)

Temperature(K) ! Pressure(Torr) / Volume(L)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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5. Cool Down Time

V.3.2 Definition

Cool-down time is defined as the elapsed time between
when: (1) the cryopump T2 and T1, respectively, are >RT;
(2) the refrigerator is turned on;
(3) T2 <20K and T1 <130 K, respectively, are achieved.

Test Conditions
1) GAS : - (99.999%)
2) Pump : HPM 200Q
Comp. : HC80 Plus (250psiqg)
3) MFC
4) ENG Test Bench#1
5) WM Type Array

340

Test Result
1) Cooldown Time: 73 min

Cool Down Test Regen Time(C to C): 116min
{HPM20Q—Proto#1) 2) Base Temp: 33.1K/10.5K

3) Base Pressure: 1.1X10-38 Jorr
(with Speed Dome)

Test Date: 2011.09.20

Tested by MH Han

320 s :
o0 //: -~\\\\ i —T1RD
1 1
U R ///r \ 1 Tk
260 I I
240 [ 3NN I .
= ] i Nt i om
x 22 i h Y i
@ 200 lg ‘ rmTarr
= <
T : \\ \\ i
2 1m0 L L
E : N N :
2 : \\ \\ :
1 1
100 " N i
a0 : ‘\ \\I |
1 1
B0
40 : N N
e 1 | Y
2n 1 L\
1 : 1
Uy 20 : 40 B0 a0 100 120 : 140 160 180 00
Time

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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wh=

ACE SYSTEMS (Ace Cryo-Engineering Systems)

O N U A

fEo|zh? Y 2L9F EARE

FEE(RE)2 =23 90|

S 7| B8 (EZi7|t #HEE), M E(Log)0l A=
ol ¥ OF St=71?

20| 2t TEo| 7| =X Y@ T 24 _F)
LSH| 7| <F AHE A (X EH 0]d))

HEE AQ| 3t |1 H7|3| 2eto| GAHd

Ao S HEOHN 7, &F, WEHEL, HI|SE
AYHAE=E 9 2ao7R

https.//www.acesystems.co.kr
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ACE SYSTEMS (Ace Cryo-Engineering Systems)

PV=NKT (Unit: J, 0|4 X|); 7| M| tElf'dE 4]

o O/

P=nkT (Unit: J/m3, SH|H|H T of L{ X|)
- =X E n=N/V, n=P/kT

Def PV= Z[XZ2Xf0] & EFSAIO] O/ =of=
Zf29f HAIL2Z 0L X/
here, N: total molecule number

n: N/V, number density of molecules
k=kg: Boltzmann constant
1.381 x 10-23 [J/K]

https.//www.acesystems.co.kr

1 7| M SEN'SB A2 37K E o

1. GE[E(ZA) T2 ZHE 4f

PV = NkgT

2 =2 gog

PV=n,RT

3 ZzroZ gHHeEtm

PV = mRT or Pv=RT

QIHF7| K| A%=: R=8.314 [J/mol.K]
OfE7IE2: N,=6.022x1023 [molec./mol]
S0 kg=1.381 x 10-23 [J/K]
£ #:n, (ref. 18: 0°C 17| 22.41)
cf. EXIYUE, n} L&
714 &= R=7HA% [J/kg.K]
HEH(EXI N7He] HHEE: m,
2z M, 182 Ak,
X30: R= Npykg, n,= m,/M, R= R/M

37



1 atm(oll=HO| M CH 7| 2| Bf)
=760 mmHg (=Torr)
=1033.23 cmH20

=14.7 Psi

=1.03323 kg;/cm?

=101325 N/m? (=Pa)
=1013.25 mbar (EhPa)

1 mbar = 100 Pa = 0.75 Torr

ACE SYSTEMS (Ace Cryo-Engineering Systems)

etol 279 B

https.//www.acesystems.co.kr
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e

T27tA 8

(46.7L)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

&7 el &=l et Nz 2|0l

Q= 120 bar
(12 MPa)

https.//www.acesystems.co.kr
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(acEy o

(@) aL ©
CFPHHEF S 81

Q1. =2 100 Nm3 2| S (2 H))

=3
Q2. =2 100 Nm3/day MH RS 2 RT2E HEICH 2.

cf. 2, S (772l *o]F?

2.016g 1 mol
1mol 22.414 L

100 Nm3 =100 % 1000 std. L *

3 . 2.0169
100 Nm?®/day = 100 * 1000 std. L * ———=-/day

= 8,994 g/day = ~ 9 kg/day

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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(i
O|A7IH| AEIYHA S8
7]9| et2qof

Q3. 7tZ LH0IA 471 &2
£ afel7t?

=
120bar I O] 7|0 = &=
(Ch 2= 20K)

rulm 0
-I)I
Ho
gob
11
e ofo

12%10° % 0.047 * 0.04

- (P v M)/(RUT) - 8.314 * 293

= 9.26 kg
X AT Tt ZRY O NI KM ENYEY S MG Z-L0) 0L} 30|17} S

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



R O|AF7| K| AFEjHIEIAl 2.2
Q4. 0’8 J2}0|HZL o*-T'—(Ar) HY 718 I‘(pumpmg capacity)
0] 10,000 [std. L]E ¥L2{X QIC}. & X Hij7|F *I 1= Sloff &
= 7IAE F=ofg{ etCt. 47EI E 7|2 R 7| &=0l0f &7n}?

1mol 40g

10,000 std.L = 10000 std. L
22.414 L 1mol

= 17,857 [g] = 17.9 [kg]
1£0] 9.26 kgO| 22, 2E0| TR B}C}H
X AT T2 0 ZL0f O[Y MY LT Y2 A8 S 20 LOHLf A0/ F S

l_

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



Table 1. ¥} 2= H3}0|| HE EXHE T (n)

Variation of the Number Density n of Molecules for All Gases with Temperature and Pressure,
Calculated from Eq. P=nkT.
(n: EXIEE, T2l [molec./dm?] 2: decimeter2 m2| 1/10, § 10cm¥)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

P TIK] TIK] TIK]
[mbar] 77.5 273 296
1.0E+03 9.35E+22 2.65E+22 2.45E+22
1.0E+00 9.35E+19 2.65E+19 2.45E+19
1.0E-01 9.35E+18 2.65E+18 2.45E+18
1.0E-02 9.35E+17 2.65E+17 2.45E+17
1.0E-03 9.35E+16 2.65E+16 2.45E+16
1.0E-04 9.35E+15 2.65E+15 2.45E+15
1.0E-05 9.35E+14 2.65E+14 2.45E+14
1.0E-06 9.35E+13 2.65E+13 2.45E+13
1.0E-07 9.35E+12 2.65E+12 2.45E+12
1.0E-08 9.35E+11 2.65E+11 245E+11
1.0E-09 9.35E+10 2.65E+10 2.45E+10
1.0E-10 9.35E+09 2.65E+09 2.45E+09
1.0E-11 9.35E+08 2.65E+08 2.45E+08
1.0E-12 9.35E+07 2.65E+07 2.45E+07
1.0E-13 9.35E+06 2.65E+06 2.45E+06
1.0E-14 9.35E+05 2.65E+05 2.45E+05
1.0E-15 9.35E+04 2.65E+04 2.45E+04

https.//www.acesystems.co.kr
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Fig. 1 &H(X3E)0] U2 Z|H2XF ZH4=2] ¥} 0 °C, 22.4 0)

10% | | | | |
Outgassing rate PV = nRT /-"
1x10%2 1.87 X 1077 mbar £/sec cm? s
=1.40 x 1077 Torr #/sec cm? f./i
102 L =112 x 10°® sccm/ cm? - OFOF 28 2cn &8I 2H LY
28.2 cyf/ S L = 1fz9f #’#H’ go/
0 A A=4771.dcm? a’ PV=NK,T 1.87x10(-7) mbar L/s, cm?2}H
s 10 | L a4 N=PV/K,T | ..
u u
= 28.2 224148 t _
5 107 6.02 x 1082 X - 5 F o BXIf FHAM &
< g /.4 EE/= 2 Y77
= 19 | 18
o cIn
= . u 18 N fo 7. 72)(70( 5) X 4777.4
E 10" b = —+26-< 10 " molecules/min = 5344x70(-5) [sccm]
-/l
10" — . 2.69x10(19)x5344x10(-5)
o =1.44x10(18) 7f/min
10" .

10°  1x10° 1x10* 10° 10° 10 10° 10’ 10° 10°

1 scem =242 x 101° Z A/ & Presssure(Torr)
2.69 X 10" << Tccx 29| 7+E=2? Of2I7FEZ + N, 6.02x10%3 EA/22,414cc (22.414L=22,414cc)

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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Table 2.

FEE(wT)e =E|H 2in|

ACE SYSTEMS (Ace Cryo-Engineering Systems)

https.//www.acesystems.co.kr

[atm.cc/s] [Pa.m3/s] [mbar.L/s] [sccm] [Torr.L/s] %EII_'! QIDI H| 2
1 1.01E-01 1.01 60 7.6E-01 [cc]
5.56E-04 5.63E-05  5.63E-04  3.33E-02 4.2E-04 48.005IZ 30 O 7| 7|& =4 712
1.50E-05 1.52E-06  1.52E-05  9.00E-04 1.1E-05 130522 O7|® 7|& =4 712
1.32E-10 1.34E-11  1.34E-10  7.92E-09 1.0E-10 0.96230H7F CH7|Y 7|& 4 TtAE
2.00E-07 2.03E-08  2.03E-07  1.20E-05 1.5E-07 6.311H7 CH7| 7| & =4 7tAF G-MdE7| Expander +HE 1
2.00E-06 2.03E-07  2.03E-06  1.20E-04 1.5E-06 51817 OH7|2 7|&F =4 7tA¥ +8-G-MYE S 7| Expander + 81
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100E 2t CH7|® 7|& =4 712 HI HiC| F°8(Ebara, Pump Body)
2.00E-09  2.03E-10  2.03E-09  1.20E-07 1.5E-09 6.31100E 7 CH7 | 7|& =4 7t2& HIZ HiC| 473 (Genesis, Pump Body)
5.00E-10 5.07E-11  5.07E-10  3.00E-08 3.8E-10 1.58100 7t CH7|S} 7|& &4 712 UHV EZ 4%
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100E ¢t OH7|S} 7|& =4 712 HV 2 47
2.00E-08  2.03E-09  2.03E-08  1.20E-06 1.5E-08 0.63137t LR} 7|& =4 7tAa g STS EHYEZE: q=2.0XE(-8) [mbar.L/s.cm?]
1.00E-07 101E-08  1.01E-07  6.00E-06 7.6E-08 35187 O 7|2 7|F =4 AT =X AE EHLEZ q=1.0XE(-7) [mbar.L/s.cm?]
1.00E-04 101E-05  1.01E-04  6.00E-03 7.6E-05 3153.60 137t CH7| R 7| & +H7IAY
1.00E-05 1.01E-06  1.01E-05  6.00E-04 7.6E-06 31536137t CH7 | 7|& =472
1.00E-06 1.01E-07  1.01E-06  6.00E-05 7.6E-07 31.54137H L7 | 7| & +27F2F
1.00E-07 1.01E-08  1.01E-07  6.00E-06 7.6E-08 35182 O 7| 7| =47I2Y
1.00E-08 1.01E-09  1.01E-08  6.00E-07 7.6E-09 3.15108 7 CH7| 7|& SHE7IA
1.00E-09 1.01E-10  1.01E-09  6.00E-08 7.6E-10 3.15100E 7t OH7|S 7|& +H7IAY
1.00E-10 1.01E-11  1.01E-10  6.00E-09 7.6E-11 3.151000E ¢t CH7|®} 7| & = H7IAF




i 7| (BESR, pumping): 235135}7| ¢ 2 TIS7H'E

HENM7]: 2274 ZAMA “atari breakout’

L L R mo @ | Reumtoimagesescn 321

ACE SYSTEMS (Ace Cryo-Engineering Systems)

'\/

WY HE 7| (2~

(Ef, 0| PR E 5=2 XX &2

bar= 2% E. bar = pump)

https.//www.acesystems.co.kr
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Table 3. CjZ7|2] = 4= & (Dry Air)

PERCENT BY PARTIAL PRESSURE

GAS SYMBOL  VOLUME TORR PASCAL
Nitrogen N, /8 593 79,000
Oxygen O, 21 158 21,000
Argon Ar 0.93 7.1 940
Carbon Dioxide  CO, 0.03 0.25 33
Neon Ne 0.0018 1.4x102% 1.8
Helium He 0.0005 40x10° 5.3x101
Krypton Kr 0.0001 8.7x 104 1.1x10%
Hydrogen H, 0.00005 40x10* 5.1x10°
Xenon Xe 0.0000087 6.6 x10° 8.7x103
Water H,O Variable 5 to 50 665 to 6650

2oy F7t2 HEZ YW 758 38 NBEHES 5o

=F7 Al Z ot ofH e Hst S8 LIEFL?

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr



Table 4. YHCE C7|=HE 22| H3}

Atm. Air (N2,02, H20, Ar, CO2)
10(-3) Water Vapor (75 %- 95%)
10(-6) H20, CO

10(-9) CO, N2, H2
10(-10) CO, H2
10(-11) H2 (3x10° molecules/cm3)

= T | g
LY
\J

Pressure(Torr) Major Gas Load gg Vo = ; ;'s!»

= AEE, TAFFS 5E o7
AHAIE +287|7F 715 L2 2t
2g. Ao +4 H7|SEE
FOfof & X aXEF FFE7/5Y
Tadf T28)7/0f & 838t 50/
LEIZE A&of= 074

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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Fig. 2 Actual Pump Down Curve

Pressure
Log Pressure limits in vacuum systems (Lorr)
103
—rrrrmy . S _——— - 10 Volume ~ exp(-t)
At [ o
\e =3 volume gas pumping 10~ | )
7t 103 | " Outgassing ~ t!
S E s EE I EE I E N EEEEE NN EEE NI NI EEE NN EEEEE NN EEEEEE RN 10-5’ — j‘ )
E E 10-7 I ) Diffusion — t12
'9: : : 10 - \“hPermeatmn
< : 10-11
L E 1013
o . ,
3 : R R R N A R R
. 101103 105 107 10° 101110131015 1017
9 : ll&llllr_gii - .
o — Time (s)
-8 .t O Q O
P =P, exp —T;ﬂ +§O +S‘Dr +§K
102 10" 10° 10 10> 10° 10° 10° 10° . @ @
) ) & 1st term —— time dependence of pressure that is due to the gas in the
Pumping Time 7 [h] chamber volume (exp(-At))

XZX: S.R. In, KAERI

ACE SYSTEMS (Ace Cryo-Engineering Systems)

& 2nd term —— pressure due to outgassing (~ t1)
& 3rd term —— pressure due to diffusion (~ t~"/2and later exp(—Bt))

& 4th term —— pressure due to permeation (constant)
EX: QAE{HUXIR, Dr. Philip D. Rack / H|=® X} &: Vacuum Physics and
Techni , T. A. Delch
https://wwmacesystgfng.'gou.?(sr elchar 49



Table 5. X| B 7}|2kx0l 1A|ZF EHulsS 2t

Approximate outgassing rate K, for several vacuum materials. after one hour in vacuum at room temperature.

Material K, (mbarl s ecm”)
Aluminium (fresh) 9% 10°
Aluminium (20 h at 100 °C) 5x10™
Stainless steel (304) 2% 10°
Stainless steel (304, electropolished) 6x10°
Stainless steel (304, mechanically polished) 2% 10°
Stainless steel (304, electropolished. 30 h at 250 °C) 4x10™"
Perbunan 5x10°
Pyrex 1x10°
Teflon 8% 10°
Viton A (fresh) 2% 10°

%ZX: INTRODUCTION TO THE PRINCIPLES OF VACUUM PHYSICS, Niels Marquardt
Q &F HH HE= 2 F0/52f STS & o/ 20| F=7/?
& =7 7I*1| - 220|E > AHQYAZ

o HIO|Z = 7I*1IE'!§§ A20lE < AHQIY AL
(20|50 2 &2k XM 0] AH|IFHAZO ALHL} AH2)
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X| &(finger print)0|

o HH LS E00| W3 X2 3 (@

E
H| O Z (baking)St7| & &E{O| A HHE = (outgassing) T K|

U2 2F 1x10-5 [Torr L/s]O|LC}.
Q

Oteh &2 Z0| Hot= Y= 7] ?lof 2R s 3

Ol Hi7|% = (pumping speed)= 0O}QI7t?

Z &l XI-_JF_)E

USEY OX|= B

I |

oz p =0

5x10-3 0.002
5x104 0.02
5x10-5 0.2
5x10-¢ 2.0
5x107 20.0
5x10-8 200.0

0.12 0.0072
1.2 0.072
12.0 0.72
120 7.2
1,200 72
12,000 720
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Fig. 3

Log

GVT Pump M8 flet U 7| A2 vs. TS E HE}
vt 0f
(Organic: 500mm = 1C{(BHEH) vs 300mm B ZE 2C{(FH))

1.0E-02

S AH{0) CHS WX Ct J2YT oA

T A
%TT'E!

29 2016. 7. 21.

gy y L
SHUZ

T 1.2X10(-7) mbar
(9.0X10(-8) Torr)

—a—Hli 7| A[ZH(1)
—=—Hji 7| A[ZH(2)

1.0E-03 / — —_— !
- MEUREHT: P 22.0)
- HIZ]A|ZH(1): 500mm H= 1S AlSS 42
- BjZ|AlZH2): 300mm EHE 201E ASS He
1.0E-04 S| - R BT 0X10(-8) [mbar Lfs cm?2] i
LxWxH
5 1700x2024x713[mm] [2h
o SEXNZENE| SLAZE
E 1.0E-05 _ I
[t E (1) about 440[min]
ull C (2) about 585[min]
Ho i
3
1.0E-06 £
- E8T -
- — ] — __=—'————.— S S
1.0E-07 & : i —i:|=.+ —— —
a I I —
L 1 1
L 1 I
|
1.0E-08 . : : . : ! : : ! : ! : v : ! : . v: . . . . {
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300 360 420 480 540
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Vacuum Magazine
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EM: http://www.kvs.or.kr/file/story/2015_09_07.pdf

"
SE718o e} o2l Jal

ST X|E0[E(GVT)
3202 H= ofo}7|

olsF

Hyunmin GVT's Cryopump Story
Lee Dong Ju

Cryapump(cryogenic pumpl, with integrating cryagenic skills
nto wacuum technelogy, 's the mest pepular high vacuum pume
system, wihich s widely used at the commencial vacuum indusiries
with TMP. Hyunmin GV, Inc. is the damestic unique professional
manufacturer of the cryopuM Systems. Abaut ten years aga, while
GVT succeeded in domestically producing cryepum systens, this
high technology intiates from US became localizad completely. But
the process of the home production was not easy. It was possible
through many trials and errars and after efforts and sacrifices of
our engineers. Now many Users and customers have the benefit
of the advantage and excellence of the domestic cryopump.
systems. Especially, these days GVT is conducting researches ane
developments regarding low vibration crycpump and large-sized

CWPs antt Cryo-TMFs,
1. Zepole BE
Ggiole Yab AL Wl AXEel §3 EE & (o 1) Tesncue o ewmurpasters

AHH= WAE CJ§H DUF WIEW, TE ShAF
of el F& WrlGmel aalel i AR AT

£ AFshe Aol Byt 103080 ol AEE 2 Memahon 2% AL YEI7) oA YelE g §
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SRR
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L 2
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i

e’ _a” I %

we' (T

e’

E T T RTU PT

Pressure [mbar]
i 3] Vacusm pumps cperating region related with Q, P, and s,

9. ] Typical pump down curve
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Chamber
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&9 7|=X|40] Z2Tt 0|7

Chamber
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SAE)
fSH| 7|2t HEL

X 2%
7| A s Chamber Chamber Chamber
Hf a1 »

avsen (Y B

Avs C?

Tvs2?!

Tvs3?

Avs1?!

Chamber Chamber Chamber

Avs2??
Cvs2??
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{855
ZIZH7|9 HHA

f151ElA Chamber Chamber Chamber
A&t .
e OF O
D?A
=12.7—
C=12 1
D2 2D?2
Avs 2? Chamber Chamber Chamber
Cvs2?

D%/8 D2/4
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e EL9 g

ST

Chamber

C.
¢,

1_1 1
c ¢, C,
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CELEE

Chamber

C = C1+C2

58



- gl EA(C) 7|14 S 20| 292|M2 LJEI|= WE
(E&FC 32| B eto) mjaf ZEE)

cf. geometric conductance vs transmission conductance

P, P,
+ Q - Q O
Q o« (P-P,) 2 Ytte| Lixiol bz

Q = C (P,-P,) [L/s]
L sz
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fot
Hu
1)
40
2>
0x

Current Flow

V
| = (1/R) V —AWN—.,

Mass Flow
Q=CAP
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Chamber Q YA Q=CAP VS. Q=SP

& 5, Throughput, Q[Torr L/s]= A(PV)/At
~HX|] SF[W]

C(p) - & 7|4 E, Pumping Speed, S[L/s]= AV/At

~CHHE Salols RIS S

& HEE A Conductance, C[L/s]= AV/At
~HMEQAE EN6lE= BIOSE
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HEHELE ol ERIR

Vacuum
P=Q/ Sets << Q;, = P Sc¢ P(?) Chamber

- Q;, : known ?
ng + Qog + Qleak

- S : known ?
- B X2l (MFP)

d=®10 cm
L=20 cm

M2 gz

S

-3
A= SX;O (cm)
- CSEEXISE d Al ZH(monolayer time) TMP Hi 7|5 S(or Sy)
2.4x1076 = 300 [L/s]
ry=—7 (s)
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y

Hj 7| & & tHS
4. Ui 7| A ZF Al ¢kA = =3} Of

=
[ B

(20 o
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S &2 7+ (Flow Regime)

Knudsen Number, K,=A/d

A "gﬂ'xf'rrﬂal
d: }dEQ| X|E

1. Viscous Flow(& 4 /)
K,=A/d < 0.01 or Pd(Torr, cm) >0.5

2. Transient Flow(X 0| &)
0.01< K, < 1

3. Molecular Flow(2X}&)
K, > 1 or Pd(Torr, cm) <0.005

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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S59

ZX: https://www.azom.com/article.aspx?ArticlelD=11840

P

Conductance in viscous regime
D*(P,+ P,)
L

Where: P, = Pressure on one side of the vacuum line(in mbar)
P, = Pressure on the other side of the vacuum line(in mbar)
D = Internal diameter of the vacuum line(in cm)
L = Length of the vacuum line(in cm)

Conductance in molecular regime

L

D

A

A 4

C =137

D
C=12.7—

25

16

12

- == HE{ A
(Flow Regime)'d H{EEA
Transitional flow el Diameter (mm)
\ 250 150 100 70 40
10,000 % e = 7
P REiiiie St = =
2 ) il p 7
dilany; / i
1,000 7 = =
: Pl i I Y 7
- f
o 3 LTl d 4 Ly
S oy, = Lo
& v Py 7117
o 1040 -né' \ / /¢=
- %
o 3 7
N o A " P
2 N ﬁ//
e 1.0
b —— I
[ ] =~ 1
§ \vilii il
(=
= 0.1 = :
3 SR
(] > LLE="
k
/n/ \ ‘\
4 -3 -2 -1
10 10 10 \10 1 \10 \ 100

Molecular flow

Where: D = Internal diameter of the vacuum line(in cm)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

L = Length of the vacuum line(in cm)

https.//www.acesystems.co.kr

Average Pressure (torr)

Viscous flow
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S ES 0| 8¢ UHHL(EXHF, 1T S)
1 1 1 CC
- ===+ —=— E= C=—7F
T CT 6 €, Co+C,
10
// <--*0 OfH = Ljof 0|0 E0{2 YXE2 =S CHA| X LEZ Tf7EX] =2 QHOIM &

N
E|ZO0|otCt £ B2 HoA &
S| & z

s Yhts Y 2 A0 2TY = AKX
2 oFof RACE M &2
t

=
ol 2= XtE Eﬂ 270l SO AMZ| "R =
SEO M3 7|0 = BiCL O] YAE 2 eto = ':01_‘27I ASHM =

O
0 S S 20 9l0) Tf2 WHo| 9Tt WRtN ERe] HEEA CS 72 I U7 S @
%‘ 2|m|20) HEBA C,of U7 0|50 E# fho| HYBA ¢ 0 ZHEH)OE BE
o

—

3 54—*01|*1°| SEZ Y70 YALE BXHE & 8o EMZ QI LotLt HsjE Hhot
M O HI2PHE =22 S0te) St =HEQ| A=A & 5= QUL ol =&ke| S}
(transm|55|on probability) a= Ct=1F 20| do|5HC}

<E9| g0 A= £}
(22 &, Y4)ero E0l 7/ojgt>

1 C
C=a C, |Hudgazase-> — =14 —
a

€

X A0 NBBHEIFNNE + s
Rt aaD ol a & Ci= 2RISO| Y72 RO YARSLE HES LEHD 2 97| Bxof b2,
o at UK R 2E S 9N 2010 HEE C, 50 SO|AS)0)E ARgO|

=2o| J|SkerY BRO|R WSS W

=1
-
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C=a CQ A: 97 HE
v, S EE
1/2 T Z0i2E
Av T . = Tiak
C,=—%=36.3784 (—) M: £418
4 M/ (vmks o9z 0% ALQ)

o : Transmission Probability
Clausing Coefficient or Berman...
(B a= G2 C,9 E+Y. C,& B2 £8/2 £ AF/HAE
& J/ot31% F&tol ot HlmF FEE 450/ YN A8

20°C & 7|(air) [ecm]
Of CHet HEHEA

C=11.6aA [|/s]
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L/r

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Table 6. X} &-

L/D
0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
0.045
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45

Clausing Berman

1

0.99503
0.99011
0.98524
0.98042
0.97565
0.97093
0.96626
0.96164
0.95707
0.95254
0.90967
0.87073
0.83521
0.80268
0.77275
0.74513
0.71956
0.69581

ACE SYSTEMS (Ace Cryo-Engineering Systems)

#DIV/0!
0.99502
0.99010
0.98522
0.98039
0.97561
0.97088
0.96619
0.96155
0.95695
0.95240
0.90922
0.86993
0.83408
0.80127
0.77115
0.74341
0.71779
0.69404

1

o

a

90
100
1000

(0 0]

50
500

(0 0]

https.//www.acesystems.co.kr

Clausing

0.67368

0.56728

0.51429
0.41885

0.35484
0.30868

0.27368

0.24615

0.22388

0.20546

0.18994

0.10931

0.07716
0.05972

0.04874
0.04118
0.03566
0.03144
0.02812

0.02543

0.00265

8L/3a

Berman
0.67198
0.56651
0.51423
0.42006
0.35658
0.31053
0.27546
0.24776
0.22530
0.20669
0.19099
0.10938
0.07699
0.05949
0.04851
0.04097
0.03546
0.03127
0.02796
0.02529
0.00265
8L/3a
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TMP B 7|
= 300 [L/s]

E S(or S,)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

NS SHOM HEHEHAQ REH7|&E
1 1 1 1
ESq¢ —==+GE——
Sy € S €,
20°C 27|(air) [cm] Lonanaa

ol CHEt HEEA

C = 711.6aA [|/s]

C=11.6(0.35658)(1t5?%)
=325 [L/s]
Co=11.6(15%)=911 [L/s]

Ses=188 [L/s]

X Note: RZH|7|£E S, £ 20f0F Yol Cfzt ZF4-H=

C}2 A|E2o| S +3 8F + 92

https.//www.acesystems.co.kr
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Chamber

d=®10 cm
L=20 cm

WS Y=

TMP HiZ|& £ S(or S,)
= 300 [L/s]

ACE SYSTEMS (Ace Cryo-Engineering Systems)

Molflow(+) 2.7.10. 8% A,

#2 Facet- Sticking Factor=1.0
(Pumping Speed=923.6L/s)

| Item | Value | Remark
Gas Type 28 N2

Trans. Prob.(a) 0.3565 =Berman
Co 920.305  [L/s]

C 328.088  [L/s]

#2 Facet- Pumping Speed=300 L/s
(Sticking Factor=0.324818)

-mm
Gas Type

Pumping. Prob.(b) 0.204611

Co 920.322  [L/s]

St 188.308  [L/s]

https.//www.acesystems.co.kr
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VacTran(3.47)2

Q VacTran

File Edit Model Defaults Graphs Tools Window Help

Ak

|

g8

A

B ] Y B 2 | 3
PHDODS B% fx w @ EE R ol
+ - A m‘?io ™ fa O+ HEECED
Chamber
» "= | | & Main Graph Window ?]
9 ’?‘ E Ylin | Xgrid off Y grid off Labels Max | Export |
— Mean tred Cter |
j oo Cones gas: Air, temy
190 | e ' = ' Data Entry Use Library Use Recent Entiy  Entrance Detail Summary
o User data Combination: 4.9827E-11.23¢

2000 1 i Ji= 102 LLKGELis 6 L

— 12 = . . .
d -_— ¢1 0 cm Sy A Length Inside Diameter Quantity
- =1l 0 [20.0 | [m.o | [1 l
— c m Conductances in Seres  Model data
Exit loss
. ) 7 Help Cm v Cm v %
O O] & = 0 Series conductances: L || Entrance loss
e HEes
Delete
Lol End effects
Edit
Entry from larger diameter or E xits to a much larger
1 el randomizing conductance ﬁ diameter conductance
Conductance Yolume: O Liters Multiply by: |1 ]: Ir‘
Yolume multiphed by 1 =0 Liters
& Conductance palette o] © e
Apertures. Cones Fipes

TMP H{Z| £ & S(or Sy)
= 300 [L/s]

Combinations

wiE Doa

e &k S (2R Ouse e

0.354838710

blned alpha

n
ﬁ (:anl:el 7 Help

A Move with madel Format:

(_) Scientific

(® Decimal

ACE SYSTEMS (Ace Cryo-Engineering Systems)

Molecular Flow Conductance=

3.113677079E+02 [L/s]

https.//www.acesystems.co.kr
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Fig. 4 TIEEIAQ} Q&H|7|SE

S.i/S, -vs. C/S,

Chamber Chamber 0.9
S 0.8
—Seff/So vs C/S0 /
1{":! 0.6
% 0.5
[74]

Z /

/ y v

0 1 9
e
= Y4B b8! 1 1 1

= — -+ —
Sy € S
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7'y I|_E .I_.I.'IJ_.LOI .Q.EI:° -IJgI Al

1) EE EF(Ioadlock) *”tH

2) ZZM A (process) MH

3) EfiAT(transfer) M (ME2F 22 A
E 7250 ZEE.

I

1) EE2}(loadlock) HH
= thHoﬂ)q AZEZOl AdAste 7| (1atm)SE O

2| Mol Zl E 3 (target pressure)7tX| ek A7t LYOf
El:l- }EE ol-l— 7‘|

2) Z 2 M| A (process) MH
IR KMB{O|A X2 HZO| ol )
’.%*tHOﬂ Foug i 58 Y8HEsE)E EHZE 7E

1\ =
- ALD —‘-%‘J‘PJ 85 B2 A7 Lo Xt 2d5tE 7tA E
20 Ciet Bi7|E 22{5}{OF g
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o HH HH
MAHOl HX|H B 7| A[ZHO] 201, T& HEJt &=

a

- SOl HE 42 59 54
832 59,

o B U5 TEE(CIE BA) 92

- 258 2% EE |7, XL NN 07| 9B 22 5
HIAHQ| © O

=2 oL T T
o Mt MEEHLE, outgassing )
- STS, Al 5 E2 80| = &5 8.

& 0|2}l (foreline) A
ME, 218, 40|, gHE =

& X8l 7| (slow pumping, soft start)

- KN=Hi7| 2tolo| RIA 20|, MEH|7| A7 MEHE7| Al 2EQHH

RCE A Yo 5 S5 S LEIE 2F =X

https.//www.acesystems.co.kr
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x7| HtE

E A 0.5Torr(66Pa) O|S}77HX| = 2ol OF

H

<Slow Pumping®| 0| >
P5000 Loadlock chamber

@ Convectron gauge :
1 atm ~ 1 mTorr

@ Slow vent line : 6 ~ 8 min. with N, at 20 psi
Slow vent reduces particulate contamination

during the vent.

-0

R P\

® Needle vialve :
control the vent speed

/@® Pressure Relief Valve :
Prevents overpressure during a vent

DN

® Slow Roughing Port : From 1 atm to 20 Torr
Slow roughing reduces particulate

) &
2\ 8 by
y \@contamination during the pumpdown.
¢

® Normal roughing port :
From 20 Torr to 10-2 Torr

@ Diffuser : Contains a fine mesh screen to
diffuse the N, vent flow and reduce N, gas
turbulence which generates particles.

o
Crossover switch
At atmosphere switch
Connection Dry nit: vent
o / ry nitrogen ven
Pirani gauge
Load lock
High Vacuum
system chamber
Soft pump
isolation valve
=
Needl Main isolation
v;:l\'ee - \'nl‘\)'e °
U .
XEN:
https://m . blog.naver.com/lee_jinhwan/50174066574
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DT M A)MHE o
Z0{2}2l (foreline) At
TR, 2, 20|, HE £ ZOj2t0 EF AR S8

LM A T2 Ol 7 Al

> AHO| o2 BHA QI B, 7tAZ=2 JHE BEO| AFESEALE 7t
S22 AHEHZ FX6HO} r AEIOHM QA= 7tAg 5l

S tH2 7129 AFE GF S AR E

%ﬂ&?l% fISt= S5 YH.

ALO| 2 &l Hj 7|

ALD 38N H

0

E.E_l L_| 7|_
=2|'d Al %II6HOF
Ho| O We A2x 9l
£lE I E{(coater)/ C|'&2{ I (developer)

A8 E|= pPREE Y 5 =t

ZHH| 7t AX|/715E X Ho| ™7| AL (Fot=)
50Hz B== 60HzOf| et MSEZ ds0| XH0| Al
(CIH H Ar% AN HsE27ts)

==
o TT
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Exposure A Purge

® ®

M M o

e M 0000000
e MMe o000 MMMMMMMM
00000000 00000000

Exposure B Purge
0 o o

. e 0 o e 0000000
©e0e0s00e| (00000000
MMMMMMMM MMMMMMMM
00000000 00000000

A

<An idealized view of the atomic layer
deposition (ALD) process cycle.>

900

w—— LGB-200DV,60H2
LGB-200DV,50HzH{—+
w—LGB-100DV,60Hz
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6 CtS =30 ool &2 A2 0, S8 A2 X S SR
= % M HEOAM s HETLl0F & €2 CHEL
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S HE 8F 8= 7l AlEEo]d 2

Duct
i 20l 8l= 32 Chamber volume V
Process pressure P
S . Qm o Qin
0~ _ P "
PO Process gas
Qin
* P20l U= 3R
‘SY _ Qin
eff —
P
| | |
éf. ==t

1mbar-¢/sec=0.75Torr-¢/sec=0.1Pa-m® /s = 60sccm
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Ada=A (2)

Q(2) TS A|AEI0| 100 sceml| 7IAE AIBSIHA XS EE 75 mTorrg XISt X}

o, e 4 H7|SEE Yojelvly (2 HjEe gickn JpstEh

S, = On E olgstH O, =100scem(=1.25Torrl/ sec)

£
Q = Pyx$,
0.75Torrl >
100scem x orrl/sec =7.5x10 "TorrxS(l/sec)
60sccm

.8 =16.671/sec =1000//min = 60m’ / hr

X Note: 28F EF2l(sccm, slm, slpm)OA] s= ‘standard’ & EZZZ21(0°C, 17/2)< 9/0/ 8t
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A=A (3)

Q(3) o ZES TIASt= MHOIA 1.0 mbarl| &HE FXI5t7| I8l 150 m3/hr2|
Ui 7|5 =7t 2ottt 2Lt e}
= = X

(=
£ G Zot= Hi2to|M el =42 ne{otX| fEete O] 3™ ZA0|= HesSHA| QL

E
E1M275= TmbarO| Al 230m3/hr(50Hz) 2| i 7| =& 7ZICE 2tA| O HZE HMEo| A
ASHHH HAEEA Ce O34 22 42 7HEICH

EHOYA] S, =150 l‘ =l_+ lﬁ _l — L - !
0/0fof Btcf! 150m” /hr C 230m° / hr S{,g C S
- C=431m | hr

H O] A& A= 6m HH*Foﬂ Ciot AHEHA0[2Z, 1m Hi2HO]| TSl M= 682l AHE

= 7t 0F St &, 431m3/hr x 6m = 2586m3/hr.

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr

Z0|) Hx= E1M175 222 1mbar0| A 135m3/hr(50H2)Q| Hi 7| & =& ZHEICEH MEtM Mt Hx
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As=H 3)-AS

2E2) Hoo| 53
(Lol THE H7|SE

E1M175 50Hz
150 | 4t
j T

-E 125 K3
"E 100 ||
T i /'/
b} il
&

25 —#J

200
0

E1M275 50Hz
250 e —
P
. 'I'.’
£
X T
107 10° 100 E 150 4
Pressure {(mbar) T
:% 100
Ad =T A A o o[.a.-’ 3].4\ > _:r
S&FY 7|5 E)E 252 gt +! ﬁ
0
= = AI-JL
(Hl7/ E 7’ OfL/Ef!) -"]0 1(]1 1[)2
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>
Ho
=
w

@ mm
. 250 150 100 ?0 40
<Conductance of 1 m of round pipe, for 10" T T
. : y ’ -
air at 20 °C> S e 7.’.-..-./.1.-7( IR
(the data shown in the dotted portions of the e — R 7
. . . . = ¥ 7 4 16
curves is for low velocity, viscous, laminar F RaRe Ryt 4
. . 1 /! Ve ]
B 7 7
flow in long pipes) 7 | ,// SV A
= 210 = 0 E 7~ N A A
it AGEA QB Zo)A Tmbard| M 2586m¥/hrel T f —T1 7 A 7L 3
| /7 s -
AYEAS SXE 4 A= B 2 XHO 70mm g [ A Al A
1 = — * ¥ =
—_ — N c - " r / / 3 5 vy
. M2fM M el M E HASH= Hf e ME2 % £ : / R e /ff
_ ] = = ] / ]
& 70mm O|&O[0{OF . CHli5| O gt2 EIM275 2 5 ¢ | /// s
N : / -
ol YT AT} SYiCt S R4 :
Al / i
10 g 3
or20) =2 = FAHE F20/3A Hf 2O - / .
= / £5 = gGo/aA e i - Pressure
ilE.’IEfé7f ?J‘%’ 57/ Wan_q/ g’g / L-’_ WW/ lO_ | L1 111l 1 L1111l ..II L 11 1Ill | | I.:M'i‘l...:o‘l.- L1 1111l | L1 11110 {
R 10" 10> 1077 107 410 10" 10 © mbar
H/ol ilE.’IEfé gsﬁeg gﬁ/ E'EE/. | | 1 IIIIII| | 1 IIIIII| 1 | IIIIII| | | III.III| ’ | | IIIIII| | [l IIIIIII
102 10 10° 10° 10° 10° 10" pa
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Pipe Diameter
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Pumping curves for 4

types of vacuum pumps.

[cfm] pumping speed
601
50
0] 2063
0] 2033
ot 20
HEmel g
ﬂ 1L 1L - v T T T T
Ix_l -6- 15' igl 107 102 107 100 10! 102 103
total inlet pressure [Torr]
U= H3tof Rotary vane pumps

-
N
0x
or
JH

30000 1
{Lis} ﬁ]}: y
7
20000 e
UK
CA e
10000
Ulis
-
-
5000 Uity
i,
USH
0 ¥ L1l
1073 1072 107! 1
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Pressure (Pa)

Cryopumps

Spasd {cfm)

350 =TTy T T T

URLLLIL ELBLLLLLLL MLLLLLL L L DL L |

250 I

N

/

N

N

ol

|

oK

T’ w* 1w*¥ 10t

1 12 w' 1w? w' 1w? 10

Pressure

IPX500A
Pumping speed versus inlet pressure
E:;%m[?/s] . . Inlet pressure (Pal) | , ,
o 10° 10 10 | 10 10° 10
L
2100 N,
2000
1900
1800
1700
1400
1500
1400 N
1300 N,
TM PS 120 ATH 2300 M
R, — ATH 1600 M
1100 ATH 1300 M
1000 ATH 400 M
900
0 Ha
700 Upper limits
{Dl confinuous operolmn
&0 H
rl
500
400 N,
300 ,
20
100 1
0 5 4 3 2 8] 1 |
10 Il |l 0 10 10 | 10
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Hi 2| AlZF At (R = 4A)-(1)

1
2 = Qm Qom
dt
d
@ _p )f” B PX Sé’ff Qom‘ =Px Seﬁ
dt 2 1
(X=0,-PxS, =dX=-§,xdP)
dP |
@ = —dt
0,,, -PxS,, 1
- SL dX S
@ s off _ 1 7 = X dX S 4
% |4 X V

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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7| XA ER 27 Al
PV=NKkT (Unit: J, 8l X])

Xl &MEHO| H& v 01X

MH LH2| R=HO0[ Azt EEtEr Hat

» V.dP/dte| =2|A 2|Ol: J/s = W, O|HX| S E
» Q(=2EH=P-Se| =2|H™ 2|0]: N/m2-m3/s = J/s...

84



®
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Hi 2| AlZH At (RE4)-(2)

S,y S,
InX =———t+const= X = Aexp| ———1 X=0, -PxS;
V’ T i €
t=02 Mf,A=Q,,—P,SxB2=E &F P= AlZH0l et IS Z2
2 AHA S =0

P(z‘) = Qi + [PO _ Y ]exp[—ﬁfj
Seff Seff V
P
0

ob2d p Ol Al AlZF tLHOIl 2422 POFA| BHDISH=Tl Z2l= Al2tS O S
&0 = £ QL
/ rpo_&\ )
=S| l[f;jj] B =2
eff P—T—"'” eff Bt &
\ L O ) Y,

https.//www.acesystems.co.kr
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Hi 2| AlZE Al AR = 4)-(3)

Ol &0l M Q= 0, = chamberlf| F& &= JtA I 811 outgassing,
leakagedt SICHD JIEGIHP, =Q. /S.+=0L2E

=
S t=——In
S P
Inx=23logx T LZ

=2, ?IIOQ(P }
S, P

Therefore, the solutions derived are valid for all pressures from UHV to above

atmospheric pressure as long as the conditions of constant gas temperature, constant
flow, and constant pumping speed are fulfilled.

=9 Agt

« HID| A S0l A 2= B U S

« L= JIAS0| BE &= AS(leak rate, outgassing rate S) : Qin# 0, Qin =
Q(t)

e JB EHIO| HYJ| 2 2N e LEOHK & 3.
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Hi 2| AlZH A

P(ZL) — San + ) — in
eff efl

Ab

|

(MK HA: 200L)

V=200 .P,= 1000 mbar

—m—S= 10( /sec, Q=0.75mbar [ /
—o—S= 30( /sec.Q=0.75mbar [ /
S= 700 /sec.Q=0.75mbar [ /

—vy—S=100C /
—+—5S= 10C/

(# lmbar [ /sec

=60 sccm)

sec. Q=0.75mbar [ /
sec, Q= 1.00 mbar ( /
—+—S8= 30( /sec,Q=1.00mbar [ /
—x— 8= T0( /sec, Q=1.00mbar [ /

#—8=100( /sec. Q= 1.00 mbar [ /

Pressure(mbar)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

S N U SRR SRy SRR ARt S Ak,
T . S S S S S ——
e B . S e R
b ——h——h——— kA&
b hi i hi b v A v b =
4
L 1 L 1 L 1 L L L L

Pressure(mbar)

1.E+03

1.E+02

1.E+01

z
o

1.E-01

1.E-02

1.E-03

P —

0

O

Sffﬁ’

= In Time(sec)
Seg’i" p— =i
Serﬁ'
v ——B7|4ZHa) ——H7|AI7He) 7
g\ '\\‘ Se=10L/s, Q=0.75 mbar L/s Se=30L/s, Q=0.75 mbar L/s |
f u Hi71A1ZH3) #7141 2Ha) =
i Se=70L/s, Q=0.75 mbar L/s Se=100L/s, Q=0.75 mbar L/s |
1Y N
& g =
2% e * HiZ| A1 ZH5) ¢ HiZ|AIZHs) =
:*ﬂ - Se=10L/s, Q=1.0 mbar L/s Se=30L/s, Q=1.0 mbar L/s N
||
§ 5 e B7|XZH0) - H7|A| 24 =
_*' + Se=70L/s, Q=1.0 mbar L/s Se=100L/s, Q=1.0 mbar L/s E
ISERY =
bt
0 100 200 300 400 500 600
.
Time(sec)
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d==Hl (4)
Q(4) ™MH HZAO0| 200 L, =7| &= Po= 1000 mbar, &5 S2F Qin = 45 sccmO|C},
HIO| RaH|7|SE Se/l 2442 10 L
=

L/s,
100X, 150X, 200X, 250X, 300 = =0 LoO}7} EX| ﬁmowsa.

P(z‘)z SQ"” {P _ % ]exp[—%z‘}

eff Seff
VIL] PO[mbar] Qin[mbar L/s]
200 1000 0.75
[ Pmbal
Al ZH (1) S _eff [L/s]

[s] 10 30 50
10 606.560 | 223.150 82.099
50 82.154 0.578 0.019
100 6.812 0.025 0.015
150 0.628 0.025 0.015
200 0.120 0.025 0.015
250 0.079 0.025 0.015
300 0.075 0.025 0.015

ACE SYSTEMS (Ace Cryo-Engineering Systems) https.//www.acesystems.co.kr
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- IV R -

H 7| Al ZF Al £h(Oll)

1. HHZ|A[ZE A 4
- BHAE A A
- Vactran 22812 =25t | A

ACE SYSTEMS (Ace Cryo-Engineering Systems)

V P
t=2.3— log(—oj
S, o\ P
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sl A= e N S

Vacuum
Chamber t=213 V i

S, \P
\_

:I'I'?_"hl—l _J.\_ _._

5_‘5%’55575“ gl S: 2 (ZIthZ) 2 [s]
[ 716000—;11000 S=S(p) @aadt 8IS S: 2= ? [s]
w101 sespymay  ME Conant gy ? [s]
v s=s(p) B2y oo C-CP) C: ¥eo|= 2 [s]

D.=4cm, L=100cm

T2l = S=S4
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A 2EF I mo} 22 HJ|SE THE Z= NDH
Z7} QICk 0] IBHIE 0|83t0] HXo| 800LYl ZE
= MBS o) 7| F5E 0.1 Tor K| 7|80 Zals

AlZte Yotlzk

o O] WIE Mol £ go| XY HZHEof 9T, A
Mol HO|E sl BY7| S ES 4 P7Ho| Bgio] Ach

b 7| £ &= (500L/s) 2 St 71 g ot Et.

eff
_23 %10 [76(%” )_14.35
500L 0.1Torr

---------

---------

https.//www.acesystems.co.kr

S S S

180L/s |

480L/s

400L/s |

460L/s |

27| x1|3§£1, V= BfZJO[L]

&= [Torr]

100

760
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- = _+_ - E - (@
2. B Z| Al ZF A LAE-RF2 0] S H{ 7| K x(S) Hels ne{st 39
A SEZ I me} 20| AF| HI7|SE TH2 U4 L JhEisssp), R BRY
Ol it ch=ct, mafM o getst 22 7] sl &
S FUEE Ul 4 M Ed WU|SES A soous| - I
&9ol= A0| HC} gre|Xo|Ct. MHS Ci7|YFH 0.1 oLe D, 460 |
Torr’ItX| U 7|ot=H| HE|= AlZHS CHA| A LA 2.
Ch O] HEE =2 glo] Mu{et W HHE|of Yot
L Hj
71’ dste}.
7| | | _
200 760Torr E 27| Iﬂ&!, V = 800[L]
o o =03 log[—Jz.%.Ss
10 T 460L /s T\ 100Torr (sl
 800L (1002“0;-;-) )
Lioosi0 = 2:3 — logl ——— |=3.8s s
480L /s 10T orr g
v 01 1 10 100 760
=33 800; log(lOTO” =~ 4.6s U™ [Torr]
400L /s 1Torr
By = B log( O {=35+38+46+102=22.1s
- 180L/s -\ 0.1Torr ota

92



3. HHZ| Al ZH A &k-BH 7| S (S) M+ HHBA(C=YLT

o+o| o ®| (1)l M XME{Q} =7} C=400L/s2 UM

-

®
ot AYEHAS 71X| = vj2te = HAZE[O QlCtn 7t

EHZ1 &0l M 0.1 TorrZTkX| B Z7]5H=H| 22| =
CEAl A LHSHA 2.

p HM 4 F7HEHE KR 7|FE(S)E T5IH,

dolH,
ANt

1 I 1
____-::———4: .........
S € 4.5
1 __ 1 ke
S5 rs0—100) Y00L/ 5% 460L/S ....
. 480L/5
400L/5
* 180L/5

S, 60100y = 214.0L /s

S =218.2L/s

eff (100—10)

ACE SYSTEMS (Ace Cryo-Engineering Systems)

500L/s

180L/s |

R S A S

480L/s

400L/s |

460Lss |

27| HIH, v = 800]L]

0.1

S0 =200.0L /s

S0y =124.1L/ s
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1,

120
%= [Torr]

100

760
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b () ¢ FZHEE 18 QB SEE BB 7V: s=s(p), 728 B2
Of 7| A|ZHS CHA| A|AbSHS Ch2at 2t | + LB AHHX(Q)

500L/s | - - - - - Lo eeeeee- R
i ¢ 460L/s :

480L/s  ;

54 800 100( 760Torr)
0T 214L /s T\ 100Torr

400L/s |

7
¢ 91 800L 100[ 1007 orr ] - g 4 4\‘! Seft
010 01820 /s T\ 10Torr ) [ Sy e
2001 10T, [L/s] 2182 400 | 480
orr | _ ‘ 200.0] 400 400
fios = 2.3 200/ s log( 1Torr )*_‘ 9.2s 124.1 400 180
800L 1Torr .
b =23————log )514.83 ’ ’ : "
o 124.1L/ s {OHmr o ‘ " 1o 60

&= [Torr]

t =7.6+8.4+9.2+148=40.0s

total —conl
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4. HZ| A ZH A AH-H| 7| S 2 (S) M+ HEEHA(C=C(P)E 12T F 2

| P, 1 1 1
t=23—Ilogl — =—+= 7bd: s=5(P) + C=C(P), YLHo| 2| =
A P Sesp €S A |
500L/s -----é.--------%.--------é- ey
800L 760Torr | E C as0Ls l
458.9'./5 IOOTOI'I’ y HH 400L/s
N 3 |
Lioosto = 2.3 el log[ 108ion ); 3.9s é‘l. HiZ|&E | Conductance Se
E a71.2l/s  \ 10Torr = Seit [L/s] [L/s] [L/s]
458.9 201,063 460
— S00L g 10Torr | _ [L/s] 471.2 25717 480
101 = = e 2L/s 0g Torr )~ 5.3s 346.2 2,572l 400
: 105.9 257 180
S800L 17Torr
1501 = 2.3 log[ “)s 17.4s : ; ; : >
105.6L/s 0.17orr 0.1 1 10 100 760

&= [Torr]

HfZ|A|ZF 7, t =30.1s
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4. B 7| A ZF A ¢h-Hi 2| S 2 (S) A+ HHEL(C=C(P))E na{et 2

- . " Pipe Diameter :01 063"/ S
—_ == H < . mr
(1) JEHE = EEI-%?_I- Oi. = 250 150 100 70 ‘f' 40 25 717L/s”,.v’"
104 = T T 1T T T e T IIIIII' T T T I II.LJ'I - / Illlﬁ . .0.‘
: / ’ 7,7 s 3 257
<Conductance of 1 m of round 0 P A il
. . F s |\ 7 A
pipe, for air at 20 °C> : 7 aspge 0
(the data shown in the dotted portions of the w [ T s, e ARy e
curves is for low velocity, viscous, laminar flow in = E ey VI
long pipes, Edwards Prod | v . — R S I
g pipes, Edwards Product Catalogue) = / A A .
q,)' . B / ...... '/ 7 i
Q of o FM[(unoflA = Hf &2 HHHAS & c 0 E — 7 IR
Zt, C=400L/s2 S} oLt AX| Hj O] HTEIA g f A o
£ orey, witel §31/2ol/5e, T - 7 7]
Ol et ZefRICt mh2kA B 7| A Zkaf H =7} s - Ve /] 3
HiZ|g = A= 7IAES AluE of 0| & S&9] v - i 1
21243} of hc}. o -
olaie o i / Pressure |
E_In-rl 760~100 =2 L1 1 111l L1 111l I_T-:..IT: L1 1 LIl L1 1 I IIl L1 1 11l
[Torr] 10 - Jpe—
10" 107 10~ 107" 10° 10" 10 % mbars
C(P)[L/s] 201,063 25,717 2,572 | | | | | | |
1077 107" 10" 10" 10° 10° 10 * Pa
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4. B Z| Al ZF A AH-HH 2| £ 2 (S) HEt+ HEE A (C=C(P))E Tt E %
o 3 -
() HMF UHHA A4S B8 WY
4 (] ‘ V P
c= 137D (Py + Py) 122.3Y_1()g[_0]
L 2 Sgﬂ P
C D L P1 P2 P1 P2
[L/s] [cm] [cm] [mbar] [mbar] [Torr] [Torr]
201,063 4 100 1013.25] 133.3224 760 100
25,717 4 100 133.3224] 13.33224 100 10
2,572 4 100, 13.33224] 1.333224 10 1
257 4 100, 1.333224] 0.133322 1 0.1
Al Zk U= H Q| I (v) | Hi7|S= Conductance So
t [s] PO[Torr] P[Torr] [L] Seff [L/s] [L/s] [L/s]
t 760-100 3.5 760 100 800 458.9 201,063 460
t 100-10 3.9 100 10 800 471.2 25,717 480
t 10-1 5.3 10 1 800 346.2 2,572 400
t 1-01 17.4 1 0.1 800 105.9 257 180
e A 30.1s

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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U7 Al ZH AAE R3] A )

o

4 V=800 [L] Sg

Vacuum
Chamber

C T T T

S=constant oo oI X4 (x| CH ZH
=500L/s HA S S:AM™(=ICHZY)  14.3 [s]
715000—*11000 S=S(P) W3Z o= S: Y& o|= 22.1 [s]

-
ol -
3 1001 sespmag P OOEA oo 40.0 [s]
_ AL, C=C(P)
— J.IH;-’I' o=V OI-E=IQ__’I._E .

4 S=S(P) W LD.—4cm. L=100cm C: ¢3oj 30.1 [s]
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A. Hi 7| A ZE(b)

7|52 Sk

ora4

Sob | s=2F [ s=sp) | c=2= s-oN
(500L/s) of2do|= (400L/s) (500L/s)
760~100 3.5 7.6 3.5 760~100
100~10 3.8 8.4 3.9 100~10
500

10~1 4.6 9.2 53 10~1

1~0.1 10.2 14.8 174 1~0.1
Y 7] A| 2+

SHA|[s] 14.3 22.1 40.0 30.1
= FRIISEI 21SEAN IIE 80/ &£ &= &8 FFE2 0/0/210F?
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=S(P)

E=|O|_’F_
= — =

460
480
400
180

1 1
==+
eff €
AEHA
C=%8 | C=C(P
(400L/s) | 20|
2140 4589
2182  471.2
2000  346.2
1240  105.9
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File Edit Model
HO&

=

Defaults Graphs Tools Window Help

X | KRG+ ELRC

B cu

&

e | Ul BB PR D &sEHRN

Bigger Buttons

&8 Main Graph Window

=[][R]

X grid off (Y grid off | [Labels Export Controls...|[ Save to Gallery| (/| Auto save

Mean free path vs Pressure

gas: C:\Program Files\PEC\VacTran USB\Gases\Air.gas, temperature= 2.73E+02 Kelvin

[ZHen)

System Model

=S|

Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6 |

Available range:
Start: 0.00E+00
Stop: 0.00E+00
Selected range:
Start: 1.33E+03
Stop: 1.33E-09

_M ilibar v

Station active
Add cond volume

Pressure settings

0 Pumps for Station 1

0 Conductances for Station 1

L e i : : _
109 108 10-7 106 105 104 103 10-2 10-} corducte
Pressure (MilliBar)

vacuum vessel

conductance loss

Increments: 100

Start: 1.33E+03 MiliBar
Target: 1.33E-09 MiliBar

Volume: 1.92E+03 Liters

i

0 Gas loads:

Total:1.92E+03 Liters

%ga Gas: Air.gas
_open

Start Time:
0.01666667 Minutes

Stop Time:
900 Minutes.
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A. Pump Model

Click here

\ = |

The following shows the pump model before any data is added.

7 Untitled 1 (Al=l.3

| More lnlu| Notes ] Plcture| Drawing | Vendor's t:urve|

Vacuum Pump Data

Pressure Pump speed
|L.000000000E+00 |1 000000000E+00

| Tor _v_J |Liters :J"| second _'_J

B

Add from file...

0 points in model

Format
0.000000000E00 v | |0.000000000E00 | ? Help |

B Untitied1 o] ® =
. 7 Help. System Model
A Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6
AAH DS FEIH7 8 ) | LI
of 7Z|2EeE FEz9l é— se0 0 | Case ]
Stop: 1.00£-06
L':";mmm 0 Conductances for Station 1 .
Add cond volume
Status %‘ﬂ‘m k::r-ll: 1000
3 Start 7.606402 Torr
vacuum vessel I R
Volume: 7.136+01 LRers
Total 7 13E+01 Lters
o Gas loate %— Gas: AKVTGAS
Stop Time: :
720000 Seconds
/Pump station
;"pe‘ Station(1)
B Pipe 2 L
Vacuum
Vessel ,
/F‘ump station
i Station(2)
[ Pipe 2 =

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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1. Simple System Study

Click here

ci@)o 8 Hrem

... to display the dialog shown:

<! Simple System Study E|
Select pipe dimensions

Pipe length Pipe Diameter Create System Model |
|100. 00 12,00

Solve calculated value |
|Fe£.-l ﬂ ||nches ﬂ ? Help |

Select single pump speed

Solve pump down time

Constant speed Calculated value:

100.00 61.72
s =l flsocond <] [mioutes |

Select pressure range Select vessel volume
Start pressure Target pressure Vessel wolume
|7. 6E+02 |1.0E-01 [10000. 00

Ton - | Liters -

™\ Pump dovir time Pipe length / Pipe diameter 4 Pump speed fvolume {

2. System Model

lick here

=

In the New Document dialog that appears, select System Model and click on OK.

= Mew Document |z|
Models: Libraries: Viewers:
¢ System model ¢ Parmsation library ¢ Plain text file
" Pump model " Dut gas libeary " Picture file
" Row data gos load " Pipe library

(" Haw data conductance ¢ O-Ring libranp
" Gas model

" Pump Station

 Series Conductance

" Parallel Conductance

Selected Document Type: System mindel
I X cancel | 7 Help |

(click to expand)

Alternatively, use the system model speed button as shown below:
lick here

o)l = 1

&

|
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1. Simple System study2| O

(MZHo]l IhE 26 e

[=4]

1) ®H HH:800L

2) Hi& ZZAuD)2F ZO|(L): I.D. = 4cm, L = 100cm
3) H{Z7|HE: 500 L/s(¥H)

[E1H]

CHZ|Y>>0.1ToreMFXK]: 29

& simple System Study =2
Select pipe dimensions
Pipe length Pipe Diameter Create System Model
100.00 4.00

[:olve calculated valw]

Lm v [Cm 2] [? Help ]

Select single pump speed » Solve pump down time
Constant speed : Calculated value:
500.00 i 29.04

G EEEEEEEEEEEEEEERNEN

Liters V] I [second vJ [seconds v

Select pressure range Select vessel volume
Start pressure Target pressure Vessel volume
7.6E+02 1.0E-01 800.00

]

_"\ Pump down time ,{Pipe length / Pipe diameter /£ Pump speed /Volume /

L & Main Graph Window o= ==
Xlog [ Ylin |(X grid on (Y grid off][Labels}[Expon][Comrols...][ Save to Gallery| [~ Auto save
Vessel pressure vs Time
h N
A ¥
N\
10 2 \__
“‘
A
’g \
€ 01 \__
2 ==
> h "N
B A N
5 X
Z 100
=
10 -1 - - - - - S
#ﬁ#ﬁﬁﬁ;ﬁp
0 5 10 15 20 25 30
Time (Seconds)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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2. System Model2| 0i|(2)

XA, Pump Model,
fIx| X & £[of Q10/of BtCf

Giflas] o+ )8

=

= .l._l.'l.l._LO/ zc(,'l

0 ——

S0l 0E Hl7|5E) ol

lick here

K dmmtd )

Step 1: Start with a pump speed curve

The first step in digitizing a pump cure is finding a graphic of the curve. This can be scanned from a catalog or
copied directly from a vendor web site, but only if copyright notices allow this. Contact the vendor to be sure.

<! Pumnp Curve Digitizer

1 [ iy e e =

4 400L/s

180L/s

480L/s

Step 1: Start with a pump speed curve

Step 2: Specify log or linear axis

460L/s

Step 3; Pressure scale
Step 4: Pump Speed scale

N

Step 5: Select units

Step 6: Digitize the curve

0.1 1 10

100

760
B Z(Torr)

= Step 1: Add an image of a pump spead curve

Insert image from OR
file...

Clipboard is empty

I'm finished. Take me to step 2

Zoo

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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(=)
1) HH X1X. 800L
2) HiE ZZD)2F HO|(L): I.D. = 4cm, L = 100cm
3) HiZ|SE: BZ7| K27 Y=o w2f o2 Je =X T HE ul
%':’ac;':t Model Defaults | Graphs | Tools Window Hel
BENS|B gw; >L &1{5@6:%@05 =
b= OE|EE ORI D] SHE R | [oeersuons]

& Main Graph Window o [@]=] W FwDILeeWVACTRAN_DATA BASEWSM_001VTSYS [a]®|[=]
[X1in (Y log ) (X arid off (Y grid off| (Labels ] Max |[Export][ Text | [Controls... [ Save to Gallery| [¥] Auto save ?Help System Model
FDILee VACTRAN, _jl:;rm_m_l::,m_*\m Station 1 lStation 2 IStatinn 3 l Station 4 | Station 5 I Station Sl
5 Available range:
=1 ,-!"'ii' . Start: 7.60E+02 1 Pump for Station 1
,gﬂ" '\ Stop: 1.036-01
=1 < Setstol e
L Start: 7 60E+02
[ . = -2 ; = = = Delete all
mT / [ F#.#SM_800V_100L-4D_SpNTPMP =5 ic]
F ’
- F f’ | Data I More info I Notes I Picture ‘ Drawing I Vendor's curve‘
[ _ : ltrance Add
- r / f.\DJLee\VACTHAN_DATA BASE\SM_B800V_100L-4D_Sp.VTPMP.PMPIMG.JPG ) (Dekete )
T 74
é = 1 J4f»
it / T [ R | . —
B a80Lis D . ggg conductance loss
E £ D / : pen In 20 R
i 7 aoous Start: 7.50E+02 Torr
S e Target: 1.03E-01 Torr
s I Volume: 8.00E+02 Liters
10 ""Q, Total:8.00E+02 Liters L
E I F Gas: Air.gas
= i ([ Add
Delete
oo 180Ls
107 1 10° 10° Edit
Presure (Torr) AR
0.1 1 10 100 760

A Zw(Torr)

[ vai & [= 5]
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[ZEH] Zap

1) A HX: 800 L CH 7| 24>>0.1Torr K] 35X
2) Hi& ZZA D)2 ZO|(L): I.D. = 4cm, L = 100cm

3) 7| S E: HiZ2| S =71 LEof w2) HE uj

goor LT TS Ry W W -

File Edit Model Defaults Graphs Tools Window Help

RN BEroEX [ thsf+tECESD | Cu
- R EE BRI Ao E | (G

& Msin Graph Window "o [ || M FWDILeeWVACTRAN_ DATA BASEWSM_001VTSYS o] @ =
(X1og [ Y lin |(X arid off|[¥ grid off |[Labels|( Max | [Export] Text | [Controls...|(Save to Gallery] [V] Auto save ?Help System Model
Vessel pressure vs Time Station 1 | Station 2 | Station 3 | Station 4 | Station 5 | Station 6
2 Available range: | |
F:\DJLee\VACTRAN DATA BASE\SM_001.VTSYS S 1 Pump for Station 1 ‘
_ — Stop: 1.03E-01 SM_800V_100L-4D_Sp.VTPMP Add |
‘With conductance loss ‘Without conductance loss 5”"’?‘”" g ‘
10 3 Start: 7.60E+02 ;
stop. 1.036-01 ot | 1
orr v ‘
P 7 : T 1 Conductance for Station 1 |
102 Station active 1 PIPE, L= 100 Cm, D= 4 Cm, no exit, no entrance Add |
= o [ Add cond volume (Delete | |
- e
= Multiplier: 1 [Delete all |
= i |
o 101 Pressure settings 1 1 ‘
g conductance loss
= Status: Increments: 20
; Finished Calculation Start: 7.60E+02 Torr
= 100 o Target: 1.03E-01 Torr
35 £ wacuum vessel
- W Volume: 8.00E+02 Liters
, Total:8.00E+02 Liters
1010 m 0 Gas loads: %E‘G“A‘W
- Start Time:
0 5 10 15 20 1 Seconds

i
12000 Seconds T
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Vessel pressure (Torr)

(=]
1) ¥y NX:800L

2)

10 2

10!

[
(=]
=

10 1

2+ &}

2(ID)2 ZO|(L): I.D. = 4c
3) HIZISE: 7| S =71 &0 wat

Vessel pressure vs Time
F:\DJLee\'VACTRAN_DATA BASE\SM_001.VISYS

[ =
With conductance loss Without conductance loss
h A
b §
\
X
h 4
b, %
\
\
h Y .,
N\
| . | m—
10 20 30
Time (Seconds)

ACE SYSTEMS (Ace Cryo-Engineering Systems)
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Conductance (Liters/Second)

= 100cm
IH

(22

CHZ| ¥>>0.1ToreMHX]: 35

Conductance vs Pressure

F:\DJLee\VACTRAN_DATA BASE\SM_001.VISYS

10 ¢

—
(=]
o0

=

104

103

s

b

[

(—}
o
|

101

101

10°

10!
Pressure (Torr)

102

107



hd B8
; V=800 [L] e

Vacuum
Chamber t=23 4 5

Ay P

__I.I._E__OEI-EII HH7IAE =1} Z4 'II-
[Torr] = t =

S=constant

_500L/s 1=y S: U (Z[ChZh) 14.3 [s]
ofj M N o TSI s=s(p) BE 2g s: Yo|= 22.1 [s]
ol —
Il 1021 s=s) e C;Zggf}i“t C:Yd 40.0 [s]
A, C=C(P)-28%H . ormtol= -
v S=S(P) .- 4em. L=100¢m C: &3o|= 30.1 [s]
No.| w2 | dze | =& | Ha | o FE;}
AS C=C H| I
ol x4 MOy anl
VaCtran 1 VACTRAN  S=500L/s(¥d) .D.=4cm, 100cm Simple System 29 [s]
o2 _ % 20 [s]
2 VACTRAN 12j= 912, C=C(P) System Model (_
.D.=4cm, L=100cm 35 [s]
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