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b) Packaging of the 3-engines with the airframe
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A Brief History of Industrial Gas Turbine Control

JOHNSON, Paul ™!

Key word : Continuous technological innovation

1. Introduction

The history of gas turbine control is a story of
continuous technological innovation being applied to
improve the performance, reliability, and efficiency of
gas turbines, while also reducing their environmental
impact. All the amazing innovations incorporated in
modern gas turbines would prove worthless without
the powerful “brains” and “muscles” of modern digital
control electronics, control valves, actuators, and

SEensors.

2. Mechanical controls

The earliest gas turbines developed in the late
1940s for utility and gas pipeline applications were
controlled by mechanical-hydraulic governors. The
Woodward SG and PSG governors used then had
evolved over several decades of application controlling
steam turbines, hydro turbines, and diesel engines, and
in fact are still produced for these applications today.
Noted for their high mechanical reliability, the SG
and PSG governors only controlled speed and load, so
manual sequencing was required, as were independent
devices to protect against overspeed, overtemperature,
loss-of-flame, high vibration, and other fault conditions.

Speed and load control is only one of the required
control loops on a gas turbine, so various systems
were developed to also provide control of compressor
discharge pressures (CDP) and turbine inlet
temperatures. On some turbine systems, for example,
the fuel control actuator incorporated a special limiting
function that accepted pressure from the compressor
discharge port, and limited fuel flow accordingly to
prevent compressor surge.

With these independent control loops, great care
was required that the controls didn't fight each

BEfzft 20082 H 1 H
% 1 Marketing communications, Woodward Governor Company
% 2 Gas Turbine System, Woodward Govenor (Japan), LTD

MAEDA, Shinobu™*’

=

Fig. 1 PSG Governor and 1907 Mechanical Liquid
Fuel Metering Valve with CDP limiter

Fig. 2 1307 Gas Turbine Main Fuel Control

other, which would put the turbine into an unstable
condition.

In 1954, Woodward developed the Model 1307 gas
turbine fuel control, a sophisticated governor designed
specifically for an early axial-flow turbojet engine used
in both aircraft and industrial applications.

3. Analogue Control in its Infancy

The first small step in the development of electronic
controls in the early 1960's was the transistor-based
Woodward EG-M analog control. The EG-M used a
magnetic pick-up for speed sensing and delivered a
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Fig. 4 EGM Modules

Fig. 3 EGM Speed
Control Box

voltage command signal to a special “compensating”
hydraulic actuator, such as the Woodward EG3C,
which incorporated integrating control functionality
with the hydraulic circuits of the actuator.

4. Op-Amp based analogue Control

A few years later, the op-amp based Woodward
2301 control was introduced. By incorporating the
integrating control functionality in the 2301, and the
proportional control functionality in the actuator,
the control system was simplified. By this time,
sequencing functionality was handled by large relay
banks, and operator displays used analog meters and
relay annunciators.

Fig. 5 2301 Speed & Load Sharing Control Box

5. Complex Analogue Control System

The big advance in electronic control technology
came in the early 1970s with the introduction of the
Woodward 43027 system, which used a number of
plug-in modules to provide additional functionality,
such as CDP control, temperature control, Megawatt
power control (an early form of power management
control), acceleration and deceleration limiting,
failsafes, and even dual-fuel transfer. By taking a
systems approach to control design, the various control
loops were incorporated into a single control device

Fig. 6 43027 Control System with Position Control

and coordinated with each other, improving turbine
stability, reliability and operational performance.

A position control function was designed for the
43027 system to prevent unscheduled turbine stop.
Position Control acts as backup device if the 43027
control experiences a failsafe condition or is turned off
intentionally.

A companion product, the 301 sequencer monitor,
was developed a few years later to provide gas turbine
start-stop sequencing, system parameters monitoring,
and system load or process management.

During the 1970s and ‘80s, industrial gas turbines
continued to evolve and had proven their value in
various critical power generation, gas compression,
and marine applications worldwide. Demands on
the control system continued to evolve as well.
The development of more efficient gas generators,
combined with a better matching of gas generators
and power turbines, also introduced more complex gas
generator power envelopes.

6 . Digital Control System

With the development of microprocessors for
personal and industrial computers, turbine controls
manufacturers soon developed digital-based control
systems that were able to provide more complex
control functions, like non-linear control loops, but
also smart operator interfaces, site programming
capabilities, expanded plant-wide communications
interfaces, and 1/0 field devices. Woodward introduced
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the 500 family of digital control systems based on a
16-bit microprocessor in 1985, with the simplex 501
model and then the triple-modular redundant 503
model.

As the digital hardware was developed, specialized
software tools were being developed to increase the
flexibility and power of the new digital controls. The
500 control family used an application development
tool called Menu Oriented Editor (MOE), which was a
high-level block language that allowed turbine controls
engineers to develop custom applications programs,
using well-proven programming blocks and without
having to learn how to write lower-level software code.

The transition from analog to digital control was
a major milestone, but required a new approach to
control design. By their nature, analog circuits are real
time devices, and could always follow rapid changes
in operating parameters and react accordingly.
Digital devices are sequential, monitor speed, make
a calculation, adjust the speed output, then monitor
temperature, calculate, adjust *-- and so forth through
all the control, monitoring and protection functions.
Without intelligent programming of the control,
the microprocessor quickly fell behind what was
happening with the turbine, and did not control
anywhere close to real time.

Within the operating system and the MOE tool,
Woodward developed a concept called “rate groups,”
still used in the company's most advanced controls
today. Rate group allowed the processor to focus on
the most important and quickly changing operating

Fig. 7 501 Digital Control System

parameters. The most important parameters are
monitored and calculated every 5 or 10 milliseconds,
regardless of whatever less-important control functions
are in sequence. With rate groups, the control operates
in real time and “deterministically,” which is the
capacity for the control system to provide a piece of
data every time, on time, without fail.

Both the 500 family and the applications
development tool soon evolved into the Woodward
Netcon system, introduced in 1990. The Netcon
was based on faster, higher-performance 32-bit
microprocessors, and the text-based MOE tool
evolved into a graphical applications tool, GAP, that
allowed the turbine engineers to visually connect
blocks of proven control functions with each other
to form the complete control application. The major
breakthrough with the Netcon system was the use of
multiple processors to share the computational load of
controlling complex turbine systems. The additional
microprocessors were most useful on the input/output
(I/0) modules, where they pre-processed the
information before passing the most important
information on the main processor. The distributed
processors, for example, would linearize thermocouple
inputs and pass the results on the main processor,
saving the main processor from having to perform this
task.

7. Fuel Metering

The ability to share processing duties became
particularly important during the development of
the precise fuel control systems needed for dry low-
emissions (DLE) or dry low-NOx (DLN) turbines.
New low-emissions requirements drove gas turbine
engineers to change their combustor designs from
a single fuel path to combustors with multiple fuel
injection points and to operate with a lean fuel
mixture. This need for multiple fuel paths drove a
need for increased flow accuracy for each fuel leg.

Fig. 8 Parallel Gas Fuel Metering System for DLE Gas Turbine
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Historically, fuel valves used hydraulic actuation
for valve control. Hydraulic actuation provided
many benefits, such as high speed, high force, and
precise positioning capabilities. These actuators met
the performance requirements of traditional, single
fuel path combustors. However, when designs were
changed to DLE/DLN combustors, the hydraulic
valves were not capable of providing the increased
accuracy that was needed.

8. Fuel Valve & Actuator

Fuel valve manufacturers responded by developing
electrically actuated fuel control valves that offered a
major leap in valve performance. These new electric
fuel valves are able to provide improved accuracy
over hydraulic actuators due to inherent stiffness
of the valve/actuation system. Typical fuel valve
actuators incorporate a precision, high speed electric
motor that is directly coupled to the valve shaft and
metering element.

This eliminates any lost motion in the translation of
the demand signal to the valve metering element that
are typically present in hydraulic systems.

Where hydraulic valves met the typical fuel valve
positioning accuracy of +/- 5 % of point, today's latest
electric fuel valves are characterized at the factory to
be able to deliver mass flow control accuracy better
than +/- 2 % of point.

Fig. 9 Gas Fuel Metering Valve and Electric Actuator

9. Digital Control Today

Many of the principles of the Netcon system are
used today, with the MicroNet-Plus and MicroNet
TMR controls. The MicroNet can be operated
in simplex, duplex, or triple-modular-redundant
configurations, so turbine operators can select the
level of fault tolerance required for any application.
The MicroNet also provides additional processing
power, high I/0 density, and the ability to network
1/0 points.

Fig.10 MicoNet Plus Fault Tolerant Control System

Figll. Triple Modular Redundant Hardware Configuration

10. Software Simulation Tools

Along with the control systems developments
came two important tools that are invaluable to gas
turbine system designers and technicians. For system
designers, most important is a simulation tool, such
as Woodward' s NetSim closed-loop control simulator,
which produces a virtual test stand in the office or
in the field and validates the design of the control
software without needing actual gas turbine hardware.
For technicians, diagnostic tools provide the ability
to data log control parameters and view what is
happening within the control down to 5 millisecond
intervals.

11. Review of history and Future Prospect

As one reviews this brief history, it is apparent
that control system suppliers have made substantial
investments in technology and capabilities to help
make the gas turbine one of the most efficient and
environmentally friendly prime movers available today.
From the mechanical-hydraulic controls used a few
short decades ago, to the complex multiple-processor
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Fig. 12 NetSim Simulation architecture

electronics, actuation, valve and sensor systems
used today, the pace of technological development

swirl
Vane““\ Iy

Sense

Electrode Insulating Non-

Conductive

Fig. 13 Ion Sensors on Diffusion Fuel Nozzle

has been rapid and relentless. The future outlook is
no less impressive, with anticipated improvements
in combustion sensing and controls technologies,
microprocessor capabilities, communications and
network capabilities, as well as simulation and

diagnostic tools.
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Cycle characteristics of supercritical COz gas turbines with a heat exchanger

having heat transfer limitation
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ABSTRACT

Cycle characteristics of closed gas turbines using super critical carbon dioxide as a working fluid are
investigated. It is found an anomalous behavior of physical properties of CO: at pseudo-critical point
may limit heat exchange rate of recuperator due to the presence of pinch point inside recuperator.
Taking such pinch problem into consideration, the cycle efficiency of Brayton cycle is assessed. Its value
is found limited to 39% degraded by 8% compared with the case without the pinch present inside. As
an alternative part flow cycle is investigated and its operable range has been identified. It is revealed
that the part flow cycle is effective to recover heat transfer capability of the recuperator and may
achieve the cycle efficiency as much as 45% under the condition of compressor discharge pressure of
20MPa and temperatures of 800K and 308K at turbine inlet and compressor inlet respectively. Turbine
expansion ratio to give highest thermal efficiency shifts with turbine inlet temperature while that to
give largest specific output remains at 2.4 regardless of turbine inlet temperatures of 600K through
850K. Optimized turbine expansion ratio and part flow ratio at 800K were 251 and 0.68 respectively. In
neither compressor nor turbine, deteriorated adiabatic efficiency may affect cycle efficiency so much.
However, pressure drop characteristics of heat exchangers govern the cycle efficiency.

Key words : gas turbine, closed cycle, heat transfer limitation, supercritical carbon dioxide
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WJ& ﬁ‘x 9 L)- L. PN 5
(EngineeriZManagement¥ B %)

I

IMAI Kaneichiro

B, service® B L CglobaldTish TH & TwWw L
2ix, N2 SACTHDORE E Rl L /- E 5

L, ZOEFHATAY—EVROFEERDLTHS )0

&, Engineer® #ifi 7%, HFHOWEE R WD
Db LD TH5bH, ¥EF%ZIRDKIET HEngineer®
HEWHPBEBMIZETLTWSE L) THbH, HEIIC

Management % K0 TEFR DcurriculumiZ &H 5 2 &,

V7 NEEOBM E —BIANS Z & 2D T B ED
%\, ManagementldZIZ > Tw5b L, HEDOKRE
T, WMANEZLHI, I 0595, HED Fkﬁi
HNZ 7% D SEWE A H A 2L B9 . FEHOGCTEES
KEREM O TEHEE OBEMENE > TV RIS, ﬁﬁ
MTEHh%Y, W, BETOEBRLWIEICT SH,
EEETORIIPELTHA ), FOBIKT, bAEIIZ
Y ENZIREICH LD TIERD22 9 D%

5 DDesignk, HADHFIWELDHRDEH D
TRED5 ) Ho

204E A7 B 12 K Ejet enginef 2 0 EFEFZEHED, K
% Tengine X it ## 2 2B O#FF L LT “Quick
Analysis for Decision Makers” %, &4 K¥TIZEZE
BEOHPEEZHZ TN, E2{Bvb»rFiel, H
POBDELLBNTHo720 ZORKRTEFIZ IR
MIT® fiit 22 %t Dsyllabus! M MZ B E 22 52 b D& % <
& A T\ 5, Design, Management, Presentation,
CommunicationZ H X I L TV HHTH 5,

4quality® K B K% O ¥E OB T %internet Tl
RTWBE, HEEiZqualityBEOSR % 207 D FARE
¥z Twb XS Thb, robust engineering?§ K [E
TERECHFRANLSTTWS S LWz, ARTIE,
qualityE@ii@?Fﬁ&i &ﬁf%‘f&i‘“@ﬁﬁ“é nNTwbE&

IEVHVWRICE Y. %13, HEK & ITiEserviced
hard%) BTV,

1% i % [# dNational Science Board®, “Digest of Key

RS 20084E 2 H14H
1 THWIHI WWEARTRAY—-ECUVERPHEXR
T107-0062 HEHBXEHILL 26— 6

Science and Engineering Indicators 2008 (2008
Janl5)” # KT, digesthliTd 545, BIRFLHRAIFERIC
HLELWODTHLI LD, TOERE,PLHEZ 5,

¥ 'Science and Engineering® A ARFEO RO “F}
ZEMT HHvIE, B ET XD b RE R OHA
=9 RBIIEM (Engineering) WK & 2% Ho
bk R,

K512, WL OhDEEDcommentsic, BkLWAREZ
FH LT 5, World Share Value-added Revenue (Percent)
for High-tech Manufacturing, Selected Countries?® 1K
BHCl3/s—+t >~ FERIRT, 1985E7J‘ 52005¢®Fﬁ*.
(352> 535), HA (254 514), EH (1»514),
BAROMEE & R E ORI i’jﬂ’iﬁ’ﬂfﬁ)é & L“Cb\éo

HARTHSMLDOIEDIZ, BB ZRFUEDOTRD
AT, Management® LHEEEANS bNIRRIZH,
L hPwizo Twihv, £ 9w o ThEngineering
Management# H2 ) _E1F % KFEBEIZ2003FE» L5 E -
TWa A, FEHHBABTIE, KELOBERDD LI TH b,
MOT (Management of Technology) #%Technology %
practiced 5 Engineer @accountability & 75 % 61, £
@ K Management % Engineerid 0 T A R & 'C )
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[1] MIT CDIO Report#1 The CDIO Syllabus A Statement
of Goals the undergraduate Engineering Education
[2] SOE System Eng. Management (008/02/22)
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Caltechf#i V)

20074E4 B XY, 7AVIEREALY 74T MO
AT PENVABON N FFHZHD, h) 7307 L
B R 4% K % FE #l 22 BF 78 7F (California Institute of
Technology, Graduate Aeronautical Laboratories,
GALCIT) 1Z28WT, RA b F27 ¥ —B L OFEEHEN
ELTHE - MIRESHZIT>TwET,

SN FFNE, EREECTRET, BROSESEIX
REVWDHBOD, XTHHPREFOL—F—LTVx A Yy
FCHITIENTEET, ¥ 0 F T UhSILEAY
5%, Y rF 7 VIUROBEILD B EH» %HTT,
L POEREEHE LTI TVWE LD, & IHE
DHEHREICID, =NV FERXYFFRL A TR 2—
Vo ANRDYav ¥y —rhhl, BT HIK
LU THAES Z N TEET, 72, 7THAFIvY
LZ—MbdHY, HU 7+ V=7 ITHKZE (Caltech) @
icd, J—br - A B VERBERNCTFL O
FATI) =R ERHY ET,

CaltechiZ18914FICAIV . &N, FAX DI HF 2 —
ty v THARE MIT) EHVBREINLIERRAOMRL
LT, 2 —SVEZEEEILA (20074 7 F B &)
#HLTWET, —FH, KEOHBHRIRAFNZ 2 E
2EDTI0AN, AL, ZEZRO0AN, K BE1200
N, TDMDRY v 792500475, Fx o823
WD E THROTIOTE PP SRV B RETT,

EH 1 Caltech® S

EXs=fd 20084 2H 2 H
* 1 AT 3 V=7 TR RFNZRge T

R ™!

INABA Kazuaki

-

EH3 GALCITORRZEHE.DS

Caltech®#ML#kICIE, ¥ = v MEEMER (PL) 2% Y
FTH, THSEEHORY v 7723 TH00ABY, K
FLOIRELHBE L >TFET,
KEBMZEDFEFT (GALCIT) 1X19264F 12 8% 37 X
., 742 B = > (Theodore von Karman) A5#
RME2BEDE Lz ANV Y OMEERIFLTT
B, B IJPLERNIC DR b0 v M2 #EEL /-
D, RFEarvy b IV L VHEEBEBREA-DITHL T
7u¥xzvy b (Aerojet) DRI ZIT-729) LTVWET,
GALCITORERIZIEMBIZWVE ENH Y THAR, 2
F—2 + Y% ¥ (Clark B. Millikan, 2 HGALCIT
W&, MiXRobert A. Millikan) % T8 & L 7-10ftF5 7/
V73 NW=7 - A=K Lb—5 4 TEHATIEZ, ¥75 A -
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¥

T.7 %297 bt (Douglas Aircraft) 12& 5DC-1 - DC-2
% EOMERBARIITbNLE Lz, £, 3KREFEK
NV A+ 1) —F< (Hans W. Liepmann) &R MAET%¥
(Elements of Gasdynamics) ®#& & & LTHEHT,
EZOT7F k= 1y 22 (Anatol Roshko) %%
HIFE UTRAETT . GALCITIZ20034E 23R VL70FE R
Wz, B, KBEELUBTERT - 2WREEOREL
v, Bh2EEZHELTVET,

FAOFTE$ 5 Explosion Dynamics Laboratory (EDL) i,

Joseph E. Shepherd%t#g (C. L. "Kelly" Johnson Professor
of Aeronautics and Professor of Mechanical
Engineering) ®d &, BREE, WAARDY, BE ¥R E
OFEEIT->TBY, FIZF M A - a Y RBEOME
THZHTY . RS X ONREIE, KBEHRICLE
CEPRICTSHE L2 WAR L oA - A% R O E BRI
T3, RSO RIRWLEREITI DX, &
MO TORBRERDET, LI TDd, BEE
HRARFVRBEZEICBVWT, FhAa—¥ 3 YOCFD
THLOATEIUS L, REEMRFIIAEE TH N
VA -Fhi=Yav.-xr¥r (PDE) ®, RED
FEBRICBITLBRESRZPDEICE SR I HE Sy —E
Ve VYU EDCFDEITo TCE DL TY,

BEES5 GALCITF F&—¥a vy® (£K73m, H#&A280mm)

CaltechlZ B EHI1E, MIORERHEEZHVWTEARA MY
TENOKICEEMEZ 52 C, B2EbLIEEOH
ExfToTwET, TOERE, KRS - &M
ORFZIANT T, MEHOATI VIR, TUREDK
FREOFZEERL BNELTVET, B LTEEDR
SHEEM T TR LMEE2Hy, EE25mmE 30.75kg
DMBFEDOE A N ¥ E20m/sBETKRICHEIEE T,
DHEORIE L BE O - MEERE, OTHT—Y
RENF—YTHETSHEHRIZ, BEEI AT TER LD
VHEEOHESR, BN TRERETAFYET—Ta Y O#
BhRLafifoTwEd, &%, KOFTHIZI500m/sTY
A, BOOTAREIMIEY, TVIERHCEEFRT
Hi3950m/s T L, KU I —F % — METIF400m/s
WETHA LT, BEHEWE T, RFHRICL5SE
TEIHET L2 DY, BHOEE (2000m/s) &
BRTLZELHY T, HAE, EFEOMmMOER ¥
%2250m/sTHRBI T 5 72 DEFREERE - BAEL, #
LWEEREEIC L 2 WHROMEZBBLTVET, €
2NV ERBET SO H WL ERMEE T 1316MPak
HET, REMRLEED DB EF57:0OBEORE
R EEENRIIZTOREEEZITo TV E T,

EHE 6 GALCITZA$ (2K 2m, RHE50mm)

FEi3CaltechiZ i, HMIELIEETEFERFIZ, Shepherd
HIFOMEERICI0 y AL EXH D £5. i
FHREYLUTEUZCE, IRBEEDRLAZ R, 4
EOBERIET AV ABHALH TV EDLLRVEW
3ZETY, =BT, TAYIWOKEROEEIL HF
RICHEMETINEER->TBY, REEELZITo2ED
THOERNWT ENH D LE CICEEL LD THEBBDIZ
bV, FEHBATITEDLDICEF LT L2 HAD1
2ETHMWTHI ML EN - BETERLED, BixL
151 CHEEORVIHIEZHELEDLEIAIIT AU A
DRFOBE, BEOHEOEHSZELET, 2 LK
BEOb L, Bk HE - EFOSLRLMEZEKELT
HeFWELTWEWERWET,
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A 7O AY - Vb AT -T2 R L —Ta v ATFAL
VOCHLEE I A 5 A

Hoil -

NAKAGAWA Takahiro

¥F—T—FN:=xA7ufRy—-¥y, a—-YVzhb—Tar, HLFA VOC (EEMARILED)

1. @UBHIC

WA 7O A — Y rya—Y il —Ta v
Ry —VORELWPHRET>TD (FEHBTLER

LIERT)e TNET, BEHIHMHE T ZADOATH o 7245,
WERIRBR AL IR KRG RB LR EOBED» S, Shkk
BHIRIE S TEDL TR Y~V O EEI LT 7
Vr—a v VAT AORBICRYMATYSE, REFT
i, bRV 2Rl —Ya vy AT A EVOCH

Y AF MMIOWTRBAT B,

F1 SAZUFRY—V Y EBEHT
%2 TA100
A —¥ VR HAEYA 70 18R
TERE [l R R 68000 min !
EAEFE B T 95 kW
BRI AC400/440 V. 50/60 Hz
RERHE 28 % (= 1%)
HER A A 2400 Nm3/h
BB R 304 Nm¥/h (#iiz )
A 165 kW (k). 106 kW (EXR)
ENeYIES 76 % (AK). 59 kW (GER)
B 68 dB (A) BT
NOxf# 25~30 ppm (16% O-$#£)
i (Lx W xH) 3450 % 1150 X 2680 mm

* 1 [BRRWOBMEEOHR], [EI BRI R RBAM
BEHAA T4 V] R

2. BEARA-V 2= 32V AT A
2O T ALY TIRR28M0mY/E, BHREICL

THB L ZIMRkWh/ I YT 2 TREET A FEAEL,

HALS ¥ 7 OMR R BERFE OFEBIRRL D134, LA R
RELEZZO—HPHEHINTWSH00, #47%13
MAIND LS BARBEIN TS, HLTZADF
APENTWBRRAL LT, HRHELEMEHF TS TK
SLBRISE S/ NBAR D MLBIG IR LT B 728, FEAN
A FIHT 572 00BELBROBREDO T VHEEKE
BRI ENFETOLND,

FRA 20084 2 A22H

* 1 WERRVET <A 270fRAy—¥rEams
T299-0296 TR I AI20— 1

WHCREH T AMEEOL sa TRy - 2D
JEDHERH TR ABCERTAZ LX), Bk,
BHIRS CTEBREOB WA 70 HF Ay — ¥ Ly
A=V il —YarIATFaEBELL 7,

2.1 MBEd KUHEE
RAZUHAY—CVHEAAAT ATV 2 AL —Ya v
YAFAE, RAZUHAY—Era—Vhl—V 3
Yoo —T, BB AJERERE, UARLEEEEE, LE
O 41—y NTHR SN, SABERI1ITRT,
TARHEALT RIE A 7 2 #60%, —BALRFEH40% DR
EHATHY, WEOTALKFER Y uFH VR EOFE
WHE L NKEREED. BRARIETARAOK 1/2
L, BHAME, BREEMICH S,
RY AT ATIRIRD &) BEMGTEEZ ML &
W& BRI EER LS,
(1) EEEFICTu R TA2BEE LTHY, FRAF—
Y U AVERE IR R B 1) U 22 R & Tk A R
WCEID#HZ B EITXY, BRI EN IR LIEE
B %187,
(2) #MHEATAHDA 7Y 2 —RBE T ALEMEREE 2 Bk
FICHY, EfEEEHMC X ) HEEZ2 8, Lk
wBEHPATHEOHVEE L TREIC L 72,
(3) TAMEILTZAROYOFY v EHBEREEICL>T

K1 RAZUHBRF—CEVET ATV A=Y ay
VAT A
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BERYAEEZHRA L, MiFREREE I ) REM
ZHTHZ L (EETREE o7,

2.2 EEXH

T Aa—V 23 —varyyAFald, AT
BEREALE » 7 — 12 B\ T 24RO 7 L E R 2 4T o
THY, 20084 3 BT IL B EHxRFHI25000hr, #FEE
B20RkWIZET 50 AV AT 2EBARBOI RN F—
FIRSR LR A R 2 1R T, 44, b7 R &b
BHRA SOBRBE LTORFE SR, £RGIEH AR
BEREE CHRHME SN TW2ds, RV AFLADEAIZE
D, v —NTHEBEINLH1/40EH L BN
mHEBEEFEE LCRHT LI WL LD, HIET A
DI ANF—FIFARIZ32%H H5T% ICHES N, EHENKE
EET AR L b, BAFHOEAEDCOH
BEITERNT0N Y BRETH S, T2, NOxHHIEZ
16%0:4 8 CTE M 12ppm, IRBNIZS5dBAR M, BT I3H%
fil 1 mT68dB (A) Ki <, EKNOx, KIRSH), KE&EF
DEEWICENL-RAETHY, RIAZANVF—-DHR)
TR & HERIRBBALET I~ O E DI SN 5,

BEBIZ, A A a—Yzxlb—2 a3y A7 a3,
PRSEEE (B527H) B AV F—FEr H AR T
REERRIREEZE L7

£2 VAFLEAWNBOILRVF—FIHENHFE

B - YN FRAE AT

A BALFVF— 10758 kWh/H | 10400 kWh/H
<PYER>

CFAGEALH R TRV F— 10694 kWh/H | 10387 kWh/H
- KA T RGN 22 kWh/H 0 kWh/H
c R R RAEE) 42 kWh/H 13 kWh/H
B. [ L ¥ — 3480 kWh/H | 5940 kWh/H
<PJER>

- B A 7 REHMN 3480 kWh/H 0 kWh/H
S a—Y L ARERS okwn/A | (2L IILH
s a—Yr AEMH 0kWh/H| 3960 kWh/H
C. TRV —FAE(B/A) 32 % 57 %

3. VOCHLIES R 7 Ly
BENTRYEREELTF TS PORRDO—
DEINTWLHEREERILEW (Volatile Organic
Compounds : VOC) &, BERKBGEILEIZLY
20064F 4 A X Y HEH RIS BME S, 201046 F TS
VOCO #HE i & % 20004F EE L 3 BIERIR S € H 2 &
MWHEL 5> TWb, VOCIIZIZWRAE, WL, WA -
B, BRBEE Vo BN D BN, HEROMIEE IR
BIC, ¥E REBIFIF Vo ZOaX MEEL, F
NHEVOCHE S EZDEBHEADBEE L oTWd,
YHTEYA 27O RAF—EVOF AT -V BRL
LTVOCR &R % WA LBREELE 3 % FN 2R
LY AT 2L L7z0 VOCIZBREEICE ) B A N F—%
BET LD, REEHHIFF Lo TR VT -2 H

Wy a2 eT, EMHOMBIHRRZERT S L&A
BEE 5,

3.1 MEERLUHH

VOCRLE Y AT 5 70—%R2I1I7R-T, BMAEZN
72VOCH A X IEM, ME S N7 5 BRBESF A CRRVEL A
AL RITRBEMI SN D, VOCOBRBEIZ X b FET
BEIANF—IIVOCRENEHWIZERE L, #ly
ADHBEREPL R RY, B2 LoghFiiE ks,
VOCE D —Fl & LT, VOCOERGTD—D2TH5 |
WA AR R REE LK 3 ICRT, LT
¥ i EE10,500ppmC T Id FRREL DI 2 255926 % KR L
RN TR I ER28% DLV Y Y DBATIRRMITDOFRER)
BABREEICRALETFHEINS,
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