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Summary of the Development of Measurement While Drilling for geothermal wells in 

FY1996

In fiscal year 1991, New Energy and Industrial Technology Development(NEDO) 
began the "Development of MWD(Measurement While Drilling) system for geothermal 
wells" project obtained in "Development of geothermal hot water power generation 

plant" in the New Sunshine Project ofMITI, Japan.

MWD system allows personnel on the surface to acquire, in real time, bottom hole 

measurements which can then be analyzed. In order to reduce drilling cost of geothermal 
wells, the object of this project is to make the well's trajectory control more accurate and 
prevent the problems while drilling. The main specifications of development of MWD 

system are shown in table 1.

MWD system can be divided into the downhole detection unit, the surface detection 
unit and drilling support system.

The downhole detection unit, which consists of the sonde and the sensorsub, obtains 

azimuth, direction, inclination, tool-face, temperature, pressure, etc. After then, these 

drilling information are transferred through the circulation mud to the surface by using 

positive pulses generated by the pulse generator unit of sonde.

The sonde, which comprises the pulse generator unit, signal processor, battery unit, 

mode switches, sensors, etc., is included in the sonde housing.

In fiscal year 1996, the utility of these mechanic and electronic units of sonde under 
drilling condition were investigated experimentally by mean of the heat resistance test, 

vibration test, shock test, high pressure loop test. Based on these test results, the proto
type sonde was assembled for field test in fiscal year 1997.

The development of sensorsub (of the downhole detection unit) will be started after the 
stability evaluation of sonde based on field test results.

The surface detection unit, which contains a signal processor and a computer for data 

processing, receives and converts mud pulses into a physical quantity for analysis.

The pump noise elimination program and decoder program as a part of data processing 
program were improved in fiscal year 1996.

The purpose of the drilling support system is to predict well trajectory while drilling 

and provide important information such as formation pressure, formation temperature 
for changing the borehole assembly. This system includes directional control support 
systems and well evaluation support systems.

In fiscal year 1996, the down-sizing of this system is carried out so as to improve the 

suitability for drilling site jobs.

-8-



Table 1. Specifications of development of measurement while drilling system for 
geothermal wells

Ambient specifications of downhole unit
Tool dimensions (approximately) Length Outer Diameter

Sonde (Wire line retrieval) 
Sensor sub

9m
2m

2"
6-1/2"

Measurement parameters Range Resolution Accuracy
Sonde

Direction
Inclination
Tool face
Inner unit temperature

0-360°
0- 90° 
0-360°

20-220 
deg. C.

0.1°
0.1°
0.1°
l.Odeg. C.

± 0.5”
± 0.1°
± 0.1°
± 1.0 

deg. C.
Sensor sub

Weight on bit
Torque of bit
Inner hole temperature

Inner hole pressure

0- 30ton
0- 30ton 
0-l,000kgm 

20-220 
deg. C. 

0-500 
kgf/cm2

0.lton
0.lton

l.Odeg. C.

1 kgf/cm2

± 5% (FS) 
± 5% (FS) 
± 5%(FS) 
± 1.0 

deg. C.
± 1%(FS)

Max.working pressure
Max.working temperature
Max.Preservation temperature
Max.vibration resistance
Max. shock resistance
Toolface update
Telemetry system
Power source

1,000 kgf/cm2
200 deg. C. (continuous)
220 deg. C. ( 5 hours)
30 G (50-500 H z, 6 hours)

1,000 G (0.5 msec)
15 sec

Positive pulse
Lithium battery (50 hours)

Ambient specifications of surface unit

Pressure transducer Explosionproof type

Data recorder & Computer Measurement room setting

Rig floor display Explosionproof type

Irilling support system
Directional control

support systems
Well trajectory planning system
Well trajectory visualization system)
Well trajectory prediction system
Optimum well trajectory support system

Well evaluation support systems Temperature analysis system
Pressure analysis system

-9-
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®'/>;rftmmwi(DmM*sm'f3im:m%.t^\t.m&mw\z-z)^xm^-?z>bmz, mwdw

i. 3. 3 mmxm

;i. 3.3-m ¥^8¥S A##### mmxi

m #
¥^8¥ ¥09#

4 5 6 7 8 9 10 11 12 1 2 3

(1) Mil

(2) mb [sms
h7U >^ES

,

■ £ #: 8

V jg m $• % m C$ <'ft

1
&tft

1

i. 4
1. 4. 1 i#:il 
(1) MWDV>^ti:S<D^M 
(i. i) &m.

31tfcilStC45V^T«, hU-/t7*J«MWD'>XfA0';>rI«
%15ft (4.5m) ^6%28ft (8.6m) T&5» Z.tUZtthTffim$}<D'/>7£ht.

i3mT-^^>^\ 2,ooomrnT#i###o%^>F#^#

27m^-%%a^oT$)0, £ ft<£ D mtM V 7*"F C D ±\1XVin\zn~?tZ>%&<D 
{-FS±<D*S&^E&&^£#x6:h.€>, fetch. m± (zk¥^m) frZV tf±\zfty ± 

(f§^!:4i;§i5-^aii§i* (i^.n 'y~)v^^m\zxntc^.mx^v±tfzm)

%.tc. miE6#^0#meF

m30ft®#m#fu)vijfuiv*7-©siE&g 
( f y jutj 9 - ¥ >bfr e> 1 ~ 4 f tT) \zf2.%£?\ztz>fc&\z$m& f u )vts ? - ©t \z 

S/a- F F U M 7-£ E 9 tftt 5 & 5 =
>D"kv F#g(C3^T,
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JSBiJ&efc <£0TZone I„ H, H© 3
■2C^g'J$ tis eZoneC^^T&#)%:&#&###(: j;3 T#E# M 'J )V%
ZtlTl'Zo Si. 4.1-10 £±3iJ$ilfcZonetDM* Si. 4. l-ZEfc&Zonefc&tfS&E H
V (##3CE : APPLIED DRILLING ENGINEERING)

z:©Mm&sjE,aa, B*£-Btr±¥©xv ytizonei z.Qt&mz.&
ViT«, #B1£ F U ;i/ * ^ - :E 30 f t T- & ft MM 30° J^TT^fflnTIBTS D x #E# M 
U ;i/* 7 -18f t £ 25f t© ^ >-r AT'&nfc£-£:T©nJilT& § cl tifi®5 „

The Earth's horizontal magnetic intensity varies geographically, and the length 
of nonmagnetic drill collars used in a bottom hole assembly should lit the 
requirements of the particular area. This map is used to determine which set 
of empirical data should be used for a given area.

ZoneJIIr Zone IIL,

<w*^Zone IIZone II

Zone I

Zone I
ne HIZone II

Zone II

1.4.1-10 ±3(1231 ThZone©##

-49-



(Zone I)

Vt KT 9T

6<f cottars betow curve A with pedtad bottom 
hoW astimttf. 60* cottars bekw Cvrve 8 with
near bit HahKzer or*y 9O’ cottars below
C with any bottom hoW asaerrfety. t10 20 30 40 50 60 70 60 90

dwctm angle bom rnagpetie N or S

e s 3>A° 7{Ji
mwT 60ft ^7-0#
SWT 60ft WD8~10ftT
SIGHT 90ft M-0#

(Zone H)

dwcton angle bom maywc N or S

$ 1 Tj)\° XE @ B 3>A° *E
aiAtiT 18ft WDl-2ftT AWT 30ft W93~4ftT
filBHT 25ft #i)2-3ftT 6IBHT 60ft j)7-<D§b
sight 30ft WH3-4ftT SIGHT 60ft ^iDS-lOftT
SICHJ: (18+25)ft SIGHT 90ft f!7-0#

(Zone II)

il. 4. 1-2® eZoneCj3#5#g K U )Vts 7-StMI
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(i. 2)

ns. ty hxx^tfx^ifxMftKy;^?

-xx^H^lfx H U;i/*7-x 5>^-;izX X AH-^7X-r hx KUJWWX^&O,

'/>x*fey 8-1/2"%®

mmc^m^ns 6” &s6-3/4" oHu^a^-om##, 1-1/2”a>$3-1/4”£x$ca

m@^#/J\2-i/4”gt±®Mu;>* 7-a<#m gns. %.fc, 8-i/2”^oi^nti$n§ 

6tToj;-5R:m@2-i/4”?&^, #oT,

1-3/4" (44mm) T^D, '/>x*fe y h * WlTF4i£ft5 H ifci&Vi £#*. £n£.

mi. 4. 1-im #t'»-K0^g

(Of) n% (Of)

Dailey# 6 1/4” 2 1/4”

Bowen# 6 1/4” 2 3/4”

Griffith # 6 1/4” 2 1/4”

Houston eng. # 6 1/4” 2 3/4”

(1. 3) (XH7^< > K 7>T'f^D*;K)
(1. 3. 1) #m

bTte, -jKWfc:&T©t>©a*&M£ftXV>S.
• K-Monel 500TM (Copper, 30% Nickel, 65%)

• Chrome/Nickel Steel (Chrome, 18% Nickel, 13%1^-fc)
• Austenitic steel/Chromium/Mangane
• Copper/Beryllium/Bronzes

aif, g^rttOl^^5$^Sft51^'/>T©#ItLX, 

K-Monel SOOTM^E/HTS Z. 11 LTco

(i. 3. 2) v u-'>>^y-;i/
U U -'> >X'y-;i/Rt»-A-'> 3 y MlilTtt, m#&O^A#ai]#8 6:h.a.

@Etiex> —6nTv^ u u — jurzS*—a*— s/a y h®
#emi.4. i-30RtKmi.4.1-40c^-r. cine&MWDS/x^AtLxmmm^st#
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VREMCH FLATS SET SCREW 'JT SLOT

— SPRING PAD (MODIFIED: 
RETAINER PIN5/8 SUCKER ROD PIN

Fish neck dia i a/e

Si. 4. 1-3E

COMPONENTS:
(D TOP SUB © DOG SPRING
© SKIRT ® CORE SPRING
® DOG ® SET SCREW
© CORE ® SHEAR PIN
© PAWLS[2] © SPRING RETAINER
© SHEAR PIN COVR

1. 4. 1-4IH ^— v 3 y hO —$1

(l. 4) y-;i/Ott|g (MSSS • ih>7°U >ysgS) 
gESMWD <kOJtimi:.i.5EDx F^fgUTV^y^OMMSRtfthyyU 

m iz-o^nt, itsoMWDS/x^A^itgiUTs&^-mii&iio
(isor, i25~

sooner^) ait^^aNEDommg# (2oor. so#^) tkl

:ni4, sE#T-oHy ^zs&jizitsomffl&Tir&zzt. a*
y^V (DW&£VWM&£MMLT^%Zt, 7c3fc,

-T;i£^\ *MWD'>yT-AOS^^oEs^BffETS^)c
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(2) 3*y—HXM©BS

(2. i) (7±Mu;i/%siim-n mmisor, v<
t7^f>'j h'j-;'?7>=y>r^^^) ©#ms# (i993#-i995#)
T^ic#rj:53#^Tm^iiisi©##^&37h. cni^mz, 

it-tfXtft&SJ: D&3Z hfdrf—SOtlt-yj^fIt§MOS5Xt7 U 7 7' 
'X-)Ht-b*X (S D-I ttEye tool, BE180°C) tbtft, S^B20® ©SE/^ & o tc0 

BSutcEOTti, c©2#^mm©mm#mmjT©it-bx&#mLT^^#% 
T&S (&&> 5ifi • tfXTti, BH I #&if-bX&^mLT(r)5) „ fct,
©am###, cc 3#^-^#ti:3i® (#iym;fc9mo®) giT^§. mm?, mwd 
t~-&< , >77-)i/&##T i>#^©mm(iit-bx

0 C MWDOt-t'XnXt'TOtF), Xr7'J
itXtT'J >^-J^ffflLTb5t^07/t©#< %## 

>u h v-xy;>7<y©MWDic#eT% 
©##7X#Ai:3^T%, MWD

a $=E#FfiS3£g) ,
MWDit-bX^©m#7c:(tT%:<, « 7X # A £&£$itfc V X h 7 x 7 £ IT ,

Mo&ackL #
^&UN I X±'rf#mLT^^S/X^A&#|-##t7©lplAD7hPC (WIND0WS95) 

tCf IbT®3X Ht •

si. 4. 1-2^ 1993#-19954P©MWD#mm#ms#
# g@ & m M ® rn^mw: (i#itcD¥i§)

MWD E)H (Skffl)
mmm m#. $isM#-s-tr) 11® (3.7®/#)

Slim-1 %± (±^t)
ULUII (JMB)

STS m
(#&) 20® (6. 7®/#)

Eye tool mmm (g#)
LLi/ll (MS)

a" it Sim (10.3®/#)

(2. 2) mi6E#t;:&tt-5i6MMWD C7:t F U ;1/&P0WERPULSE, BE 175X7
it77< 7) ©#msm (1996#)

^MWD (@#l:MWDS/X#A&m^)&/u^^< 7°) EILTIA Ctl&T 
teiSMhm-fritc^fbhV), J: 7 £;£#glO£ J: 9 NE D O^EMEM
^xw^rmmhrc^. mmm^i75'c#iS'r©mm#ic-gGf-^©^m#^&o, ns
<C#i£-m$ tctSM ©BT#£:/5:@£#Ltco
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1. 4. 1-3$ -y-7X70MWD(DESSS
femmm m #

MMm- 10^ j;D#B b&dS, BEE#

(2. s) mw&EMmwTomg

m*>77hj h>t&9x

4-#.

(2. 4) 5# -
SSx X^U-ih>9:^Sffcfc®El750C©-9-7^-r 7°<9iS^fflMWD” Solarl75” & 

TfT®^SAbfco entix E^©5SEExU T^Mle/S^T^Th £He#V>x 7± M 
U;i/ftieilBT5STt§:AlTS7ct>©T\ ^^7i77X*,0i^#, MK777li

(2¥rs) o. 5%-
Ol77*^-r 7°©i^fflMWD (^-^l/-'>3 >S.S = 175CC^±) 0 33
$>&£> © <h fij ©r $ tl 5 0 $ fcx 1$©S PE Annual Technical Conference and 
ExhibitionT<DSgSle£5 B H I t^Iil75'COMWD0 7n h &'f'7 & Mft U fc

tvmm&fcD, &it£%m%(D150Vfr6m'lZiK}fi.H<DMWD iirr§iii:i:c§i

(2. 5)

f u ;i/&siim-ioNEDm
S'J^S2, 600m (3-<l/-'>a >^6=142‘C) t\ E#m&150"CSm?O%##IEfe#

maa-cao, snm-i (BEistm

5c SMx EJIlx H^Sx ATS> lWH#T 2 ~ 3 krn(D#mj^^/uiee^^x m
0 x 9—*fv He J; 9 St?

6 0 x M <9 J&Ml6]± £ESU T U5 $>5. %
oTx j; K)#^mmir(D%i##IE07h&lUlx J; D iSfimffl ©MWD 1/k>1fi >&Wkt£. £ £ 

3=&x Bfl-TrOM • A*X#SMi:©SE;fe)i«M^'>7 hL-n^SOx 
• ^7#^iJ^©MEfe^#T-^ck-5o

(3)
#mE^#®iemT?^Tx 8 #mie*#7-;i/(D##:mm - #f#x

4.1-
4

(3. 1)
¥^8¥SleT>v^Ttta#©^^ESieTS¥#:leT-Blg^SExLx ##7-;i/&#^ 

■f* 5 o
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(3. 2) MitfUlz-ygm

2, 000m$y5M-7’6<bM<D£#TTMWDyXTAc7)

ftmtvkm&mBLTmmtm%iizmz.%o zoumz, ojb-ymmmit

(BUtirS : 2, 000m) T©£j£ttMfg (S^PiiTjE£$©M££fT 6-

KBiTfoifoagsffits. )

HtttT7#S:Vi. Z<Dtc®, S#L#BtSrm> :£<D&®ik&\ZlrfttS:Ji'-&:&&2>Z.£\$ 
MM4"D 5 £ £ £M L & #*1^/5 6 & l* = fife, y~)U\Zb 9 7 )V i)m*kV Te
m$\z, mmutfzmmmizKoz.t&x%fs:u0 i^t, nyntumzmzm
\Z, JgJtSftS h 77>®*f l/T^5 < , £©<k5&MH;i'-7°

a±©^B&^JS*r«fc»lctt» 31fr7°n'7x7

si. 4. i-4S #^^;i/-7°m#(Dsm^m

n$i#x<DMmmftm
(##)

I SSL 5- 2krn@mo o o

n m#jb'-y&Btmm<D urn

SS 300~600m|iS©
m&# (u^#tr)

a(eiii©ks3&*ss)

m S$ 300~600mES©Sa

# (U^#t) +m±;>-

^ (1. 7—1. 4kmfig)

o o

4-#, jinBoijRK^B, mw;v-y°u
Ms©gL&ct

(3. 3)

- %#&frVX MWDyXfA0[6|±$i§.
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wmmvkmmm o — —

'/>?-mttf;UT7:<D A — —

'/>r-MtSTT0
mm#•mmm&mmm

— o

r yr m'm3k7° or no 
&mmm (#efit)

($">7° :TRIPLEX) A 01) o —

m&omm
(##^)
(mm)

A Oh 7°)
A (m) o> A

*oo

m$rr or ikhow-li-l 
&W#BB A

(^' ;-7' 0^' 7i)
A

(r i-i° or n)
o

##mef##: ##mm — A (^m) 
(#m)
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(i)

gEWMWD©{±BK-2V>T©:6:BI!S<HTofc=
®#©U h'J“Ayj^^y®MWD'>7fAW 175"C©m#&#&#T%#y^<y©
MWD'>Xt-APOWER PULSE (Anadrillft) » SOLAR175 (SPERRY-SUN#) ©tirSKO VMT 
ESUfco -eo^^SrSl. 4. 2-lS(C^T=

Si. 4. 2-1% K#MWD ©tb}§ tNEDOIBSl 
(# A : Petroleum Enginner International, May 1996)

th-HX#a Ana- Baker HALLI- Ana- SPERRY NED0
drill -Hughes BURTON drill -SUN

-INTEQ ENERGY DRILLING

'>X^A£ Slim-1 DMWD DIS POWER SOLAR
PULSE 175

(inch) 1-3/4 2 4-3/4 6-3/4 6-3/4 1-3/4

SS (feet) 28 23 15 25 11. 5 45#^#)
51 (7MV y>j)

150 150 150 150 175 200
175*

175

ifJE (psi) 15, 000 20, 000 20, 000 20, 000 22, 500 14, 300

mm (KM) A* »;t'J A* 9f'J A' yf'J M' M' mslf-k' >55#S§
(800H) (125H) (255-400H) A* ■yf1) (oo) A'vf'J (5 OH)

ammm(#/B)

OC
O

7o 15 or 30 6. 9- 34. 5 2. 7or5. 4 8. 75orl4 15-GTF

•{IMffi*1 -###*' ■mmm*1
* ■ iULBz ■mm■mm ■mm ■V-)\lx-l •t’^wa*2
•YJHfyayh •M-yyaYSh ■rWt •fyHW*2
"rm 'T#

■yin)e**2

(GTF) ±1. 0° ±3. 0° ±1. 5° 4=1. 0° ±2. 8°
(a@>io") (B8>3. 5') (68=5°) (B8>!0°)

(MTF) ±1. 0" :a#^L ±3. 0° ±1. 0° gsmAL
(B8<io') (B0=2°) (B8<10°)

% ±1. 0° ±1. 5° ±1. 5° ±1. 0° ±1. 5° ±1. 5°
/ (B8>3. 5") (B8=5°) (B8>5")m ±3. 0° 

(B0=2°)
m ±0. 1° ±0. 2° ±0. 2° ±o. r ±0. 2° ±0.1°

pJ pJ yfaj TpJ Rj
V h U —7s? X )V il/^hoz^X#

*:SPE Annual Technical Conference and Exhibition (1996) ## (gg%4")
“ : ■ mm- ■ v — ) PXx-X *2 : t>tt7*£j;§a£



(2)

i^s*aiRiii2ibT, spas9
#Mfi0lftIgS^H o n e y w e 1 1 WSMm^SS&OE^SfrlpJPESS:
nMLTco

®Rocky Mountain Oil field Test Center (Xi, 7°M#&#@
M#m#imES
(DAMOCO#Drilling Technology Test Facility : BiEI#;!,-

(2. 1) Rocky Mountain Oil field Testing Center (RMOTC) fr — 'fU.

m#
RMOTC0^tXA*-t7-fXli, 100A##^#WTW%. RMOTC ^1992^1= 

DOEiliD E££ilA##T&5. RMOTC li, h##©N a v a 1®|0 
S' $ 7 J - )V F © y ^-?^>bS{ESntill. RMOTCOAHttSt^i! 
Ho u s to n (C*#&S< Fluor Daniel tU5x>'WJ 7^##^ 6 
$|ETWS. #51, 200*©#F/^& D , -?-©|*3 600:#:j&*g£LTWS. 420<>yi7ya>

^;1/©IhJM£[rJ±LTWS (FOR) . ® £/u£©6i 
—#%W#FT5, 500ft (#51, 650m, ^r-7 7*7 A ; 13-3/8”

; 1530m, 9-5/8” ; #5l50m&'T, 7 ”; #51, 650m£T) T, S £ A, £©#F/^ < > ¥ 
^Tl, 000ft (15300m, 'r-5s>tf'7u 7*7 A ; 9-5/8” ; 15~30m, 7” ; 15150m, #% 

6.5” ; S5300mST) T&S. EOR#m (260°C) /^EA2 ftTW5 Aib> #F 
#m©m@&a#5200"F (#5100%:) (cAoTWS. EOR#©ggmil#5500ft (#5l50m ; 
^r—»^^D^7A ; 9-5/8” ; 15~30m, 5. 5” ; 150m$T) Tr&S. JP-^KB/B©

Aw. fetch, #f $ nr w 5 a &, mm
C©m#&#FLT-77 hT#AW^#WLA^. #^#1:11%
^©ss^T-vy K/'ui/%af;t#<a&B'3-aF#eai&atw3i5MAai&o, mmtAo 
A. &A, U 7*MMFSgA U 1 7- * tf-A- U 3 2000* »«* 1-&T?
&■£>.

(2. 2) AMoco# #mm;i/-7°mm#
#&400-500©%#A<& 0 , *ES©MWti:> '>o.;i/X;i/'7x> AU/1-h>^"e 

#F©#*65A7<y 12-1/4” "7? 240m ^ L, .#5 400m ISM
t5. C C-C©##5#530° f©S9-5/8”StyM/, 8-l/2”?#5600m&T*

AT©%#5, S*65lc|ufB©j:5 A5t#yn^7Ai?^|iJ$n-S)c 
(600m) T-S@S«#5506 tg§, #»JLA%#H, "T <7*7 7*A' 7 7 LT U £ 7. L 

^L, MMfdcf: Q < E £ feFfgTfeSo &A, %#©##7—711#*65
lC#W©T#j-miLAlt^^A6AW. $ ill th® S> & 5 © Ta §?l< mwd©@: 

#©A&(:%#&^^££^AW. AA'U #@5,



s

#3010 (DM#?, t & 6 'X n HU lift,
gg#&a.

AMOCOtft
o?WS. E/5U. 5"?, 77o.7 — ffl<D7 n-%^Z b7%fc&lz,
\Z 2 • 7/8” © A6 -Y 7>*# A £ ft? 5 = y 1/y^h =b#E&5 = 5£Etf-m90m
T’MTlSOmT&M, iSM rJITSS, Cft(:5,

£ft?V*5„

i.4.2-2^
RMOTC D TT C

# Bf Casper, Wyoming, Six SO Tulsa, Oklahoma, /KB
0f W DOE AMO C 0
# m - m # Fluor Daniel, Inc. AMOCO
)i/—y#^#E# m=o uzzi-mnmtt'zs) wto=©
)V — s/ @2 Hr 4.5” 10.5#

(ID=4. 052”)
Range 3 (L=12m)
(322'7a-r > b)

4. 5” Grade S
(ID=3. 826”)
V WiT t£yH>(L=15m)

7 7.0.7 — ’£7 '> 3

>, 3L0.— lf>'ft7'>3 >,
hf y

7 7? • ■?>& 2-500 bbl+7yK-l:°?l'#mRr
Yy f• DB-550 1 1$

MM-300 1 e
(DowelI-Schlumberger/P B

MoynoK 520gpm(500psi)

f e If- M IS m e* h7>xf 2-fs, EE, 7nS
mm mm ##=© iP« = 0(7fc«M)

#^ = 1,000-5,500’ (BE##)
Wt = 6. 5”

#S=1, 800’
$61=8-1/2”
Chicago-Pneumatic Workover
Rig (2,000’, 40Klb)
fvm (3-7/8”-6-1/8”)

m e #f m
DTTCti^,

wr
#?&5. n X h A° 7 * -

lEEtDtirS&SSMW, 3

X hBTRMOTCIC&'So
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3

(2. 3) Honeywe 1 lKSSfSfl
Hone y we 1 1 \t, A#< 3 XT-31 v a

±, SxXTAggM, i^glt X#S (SSStT) £i£ST5E
tl±>1fJPX^ v^s D v —T’^ilfln © 3 > hD-Jl/y^fAl

Honeywe 1 1&, ESeM$600AT\ iEMxi/? hnxyx 

hnx^x©ses©issBPiti24BerBmsjX'fe-E>0 rosxi/
/7 hnx^X(Dgg%«, (Si. 4. 2-1 @#E) „ M

225'CA —h (# 5 s< G W X, HTMOS, Op 
Amp, 12Bit A/D3>A-TS/^&D> Si. 4. 2-3^ Lfc n - H V y 7°IZ®-d TIBfgj&* 
Ji»6nTVi«. c©ET, Op Amp^TAD^X-f y TMESES S 5 = £ © n - K V 
y 7©80% 0 V, S RAMttiittTHS. i§MSxl/X
ho-^lt ^tex^-XT^y DV—^Sij$©x>'T>SC-ESf SB651C

b^U -e©# ( 1995S) -$©x l/£ h nx# X
(12 B i t A/D3 >n~-*?m) tOtiTtt, i6MXl/£7 h nx

XXE%©5fEtU4^T©@DXS5»

xkX b nxXXSA->S O I (Si 1 icon-on-insulator)->TX h

f&fr-'S, xi/X hnxXXje©!b©ti:£jEl'T:B£>f\ SALTED n V^TBS:
18^g&5xy^ hOX^Xi%m4b©m, -e©@<E/u<EMS 

fifcEIgSr&IxSMir&So MJ1X1/X h nx^Xti225X) A-> hTcb€>©!:,
>^-rs#FfcS3i7?*«. o&o, mm^mm#© 

a^EX^y PTISAN 5 (SI. 4. 2-2E#E) =
-rx5yx-fe>D-=bii^RrmTS5, ggprea, ±iei8^b©xizx hnxxx©E%
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Bulk Versus SOI Cross Section

Bulk Versus SOI Leakage And Delay
Junction Leakage vs. Temp.

100 150 200 250 300
TEMPERATURE(°C)

SOI has up to 100x less leakage than bulk

Gate Delay vs. Temp,

0 50 100 150 200 250 300
TEMPERATURE(“C)

SOI is faster than bulk

;i. 4. 2-in (Bulk) £'>Un>£mmu t LfciHiHi&'f y° (SOI) (Dttm
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Si. 4. 2-3S Honeywel 1 ti: <Z> Si E S ^ M (HTMOS) © MIS a - b* V y 7

1996 1997 1998 1999Process/Product 2000 2001
HTMOS-L (10V Linear) 
HTMOS-III (5V Mixed Sig.) 
HTMOS-IV (5V Digital) 
300° Metal System 
Quad Op Amp 
Quad Analog Switch 
Voltage Reference 
83C51
Linear Regulator 
SRAM (32K x 8)
12 Bit A/D Conv.
Clock Generator 
HT320(DSP)
16:1 Multiplexer 
HT2160 Gate Array 
1553 Protocol 
Hi Z Op Amp 
12 Bit D/A Converter

sssssssssssimg
BSSSSSSSSSSESEa
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Advance Information

HIGH TEMPERATURE PRESSURE TRANSDUCERS

FEATURES

• Full Scale Accuracy (including all error sources):
1.5% from -40 to +200°C 
2.0% from -55 to +225°C

• Absolute Pressure Ranges to 500 psi

• Rugged Packaging for Hostile Environments.

• High Level Temperature Compensated Scaled "Output

• Silicon-on-lnsulator Semiconductor Technology

• Optional On-Chip Temperature Sensor

applications HTP Series
• Down-Hole Oil Well

• Aerospace

• Turbine Engine

• Industrial Hydraulics

• Industrial Process Control

• Heavy Equipment

CASE OUTLINE

Optional electrical and pressure interfaces are available. Call us for details.

GENERAL DESCRIPTION

The HTP series of pressure transducers are designed 
specifically for operating in severe high temperature 
environments. These transducers combine oxide-isolated 
piezoresistive sensing elements with Honeywell's HTMOS'" 
oxide-isolated electronics in a robust high temperature 
package. This complete high temperature solution provides 
an amplified and scaled output which greatly improves the 
performance, life, and operational efficiencies of systems 
in hostile high temperature environments. In addition, an 
optional on-chip temperature sensor provides data for 
further correction of temperature effects with an external 
microprocessor.

The sensors use Honeywell's proven - patented ion- 
implantation process for precision piezoresistive sensors. 
This process is currently used to supply precision pressure 
transducers to major multinational aircraft, turbine engine.

industrial control and petrochemical suppliers. When 
fabricated with our Silicon-On-Insulator (SOI) process, 
these sensors provide precision performance, excellent 
reliability, improved media compatibility and high 
temperature operation.

The electronic components are fabricated with our HTMOS" 
high temperature oxide isolated process. This high 
temperature process includes modifications to minimize 
junction leakage and adjustments to account for threshold 
shifts which accompany high temperature operation. 
Additional enhancements have been made for linear products 
and 10 Volt operation.

The stainless steel package uses glass-to-metal seals, 
high temperature solder seals, and laser welds. Barrier 
diaphragms are used where'highly corrosive media such

Solid State Electronics Center • 12001 State Highway 55, Plymouth, MN 55441 • (800) 323-8295 • http://www.ssec.honeywell.com
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lob tf'x-va >ti:h:y ^;i/EmT©E*/^S^K:M 
b T IrS S #%S?m#b^@&gtf S. X T- > b 7. T « 21 ©MIrJ^bJH fc SftT ^ §.

SB 2. 4. I-SSC^TJ^CtX h • H-X#jmT©mm^36m/s^#x.T^ 0 ,

5cmmE^TBU-eciTambv^^Hf-y3>^4t§. *i-1^-'>3ytm

SB2. 4. l-9B£^bfcE*#-S £MB©!l£E£#ZtbT4^ H^-'>3
4. l-4mc^T.

'>a > • XD-5?a >«jgE S&Vii:1?3g$tlSo

#m©SB2.4.1-iOB^^-fj;^ >&#< b@
H^-'>3 >J&*fg£b&V»J&:Ri b&.

i2. 4. 1-4| imue©^ h'x-'>3 ^li^tkr-ya^

gas H (m) 0 160
55ES Q (l/min) 1. 00E+03 1. 00E+03
55ES q (m3/sec) 1. 67E-02 1.67E-02
;i/-yWA@ D (mm) 7. 40E+01 7. 40E+01

d (mm) 7. 00E+01 7. 00E+01
UFA—#3!i@ VO (m/sec) 3. 88E+00 3. 88E+00
TXhb‘-XfiijH5Siil V (m/sec) 3. 68E+01 3. 68E+01
WFWiSEfi PO (kg/m2) 1. 03E+04 1.70E+05
Wfi^kE hO (m) 1. 03E+01 1. 70E+02

P (kgs2/m4) 1. 02E+02 1. 02E+02
rXhf-WHE P (kg/m2) -5.81E+04 1.02E+05
#]B»#E7kM h (m) -5. 81E+01 Hi?|c 13:4ft't- 1.02E+02
mtiimm g (m/sec 2) 9. 80E+00 y3'/%^lC#l\ 9. 80E+00
iKMME. pv (kg/m2) 2. 00E+02 EfifctTkESlE 2. 00E+02
7kEEE7kE "hv (m) 2. 00E-01 (200kg/m2) t& 2. 00E-01
iff 7-ya>$fc K (hO-hv)/

(v0"2/2g)
1. 32E+01 u.-tnJaTtli 

teB&lX,
2. 22E+02

EEift' f-ya>% k (h-hv)/
(v"2/2g)

-8. 42E-01 <-±E4f t' m& 1.47E+00 <HE4f f T-/3>
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nH'> v y#wmw

P3E'> u
e’—r

tf I to

■K-o.eo

-K-aeo

i2.4.1-90 nE'>u
(Hunter Rousetil®: CAVITATION AND PRESSURE DISTRIBUTION Head Forms at Zero Angle of Yaw&SSUU)

d.
4BE t) M AS tc®, '/y 7= #:####&<t> 48. 6mm^

£> d>44. 4mm((f) 1. 3/4”) t'hmfcLfco AJUX Eil \Z 4> 44. 4mm<i; L tca

4. 1-100^1X^2. 4. 1-110£*T =

sm^#OT¥S$T£#£nfcMMljA°57;<-^CS-d'#, J; 5 t;:E5£T
s.

• : t a = t b = 0. m (#2. 4. 1-120##)
- : Mneim&^mwmwi/su« = sx t =)»
• lEfflDiE#: : BzK
• : 800 £ /min~l, 200 fi /min
• : 0° (tK¥)> 30° , 60° , 90° (HE)

• A;i/X#S-h (data3, pressures, noise3)
- /^;i/%#^6100m±Di[#j (data2> pressure2, noise2)
• S> 200m±CiE-{PJj (datal, pressure!, noisel)
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-68-

° w $ mm& ? 3! 2 4-3? % $ m * ww ^#4- 3 o § 4- 

swH-n^G3?a.m«:Mf.v 'T^mo/mi<* a#^Ma>u_4vi

°4.^5W^WWG).jl^W#XirV2jilIZ-I > -ZS~@8I-I > *zg

%f§mK^-/|f3Ef!#! - 9

Z 'I zi-8v-8h

0 I 01-8V-8H

8 0 00Z ‘I 80-8V-8H

Z I 21-2V-8H

0 1 0I-ZV-8H

8 "0 000 ‘i 80-ZV-8H

Z "I C
O 1 1 00

0 I 0i-iv-8H

:#ijr4£X1fV 8 '0 0 008 80-iv-sh

# E
(39 S)

MWiY'VU
(S3Q)

WOT ■®mmm
turn/ H
mm •ON 1S9J.

m-i1 -zm

/?< ^ )'4MM#Y/\(W HZI-I > -zm

3 SOI 0



(#*)
TEST No. H8-A1-08

gx/E&lEiL 800 A /min. 
MM 6 0°

Pressure 1 (Xq/cm^2)

Pressure 2

Pressure 3 (kq/cm^Z)

* ' ' * * * ' ' ' ' i ' ' ' ' i ' ' ' ' * ' * * * % * * ' * *
0 S 10 15 20 25 30

Time (sec)

2 

t 
0 

-l 
-2 

2 

1 
0 

-1 
-2 

2 

1 
0 

-1 
-2

Data 1 (kg/cmA2)

» i 1 i » > i I ' ' > ■
Data 2 (kg/cm~2)

* ' ' '

'I 1 « 1 1 1 1 1 1* * « «
I » « » « I ♦ « « » I t « « « I * » « « *
0 5 10 15 20 25 30

T i me (sec)

tu
<
E0 \
01 j£

6)L3MM6)L
CL

Noise 1 Noise 2 Noise 3SO i1 1 jm,i “ i | 'i'i i" | ■ ii i | 1 * ■ i i | i i" i i ■ i ,mi j i • • j • > •

40

30

20

10

Q » « » 1 * * t I l ' i —1 I*—1—I J.. I—1 I » 1 I—I—I—I—I l I—I—1 . I .1—t—I
0 120 240 360 0 120 240 360

0 120 240 360

Phase (degrees) [Time" 1.3Iscc.3

£2.4. i-i3B
(MSOOfi/mim 0° , AvH/XMO. 8sec)
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mj£)\'-y°u%i (s*)
K### TEST No. H8-A1-10 

800 £ /min.
mmMm o°

f faEtl&B

> «-»-»» f-» « -• f-l
10 15 20 25

Time (see)
30

, Data 1 (kq/cm^Z)

I ' ' ' ' * * ' ' » ' 1 ' ’ T ) ' ' I I I * ' ' * ' t JL
10 15 20 25 30

Time (sec)

SO

| 40

“ 30 •

0
1 20w0)L

CL 10

No ise t Noise 2 No ise 3

O 120 240 360 0 120 240 360
0 120 240 360

Phase (degrees) CT1 me* l.3 lsec. 3

S2.4. i-i4@
(M800 fi/min, 0 ° , Osec)

-91-



^ (#*)
TEST NO.H8-A1-12

800 £/min.

Pressure 1 (kg/cm~2'

Pressure 2 (kg^c.n-a 1

Pressure 3
■ ■ 1 1 I

t «- -» t 1 * » » -«■! » » » i. ■I-t t 1-1 tit, l L , t , 1 t . t t ? . ..

I t II* !«.»«* l. ul T I. ■>. I 1 1-t I I .1 ,L

Noise 2 Noise 3Noise l

i i.1 ,1 1

Phase (degrees) CT i me» 1.31sec.il

. 4. i-i5n
(%fi800 £/minv EMS 0’ , 2sec)
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(#*)
###-# TEST No. H8-A2-08

1, 000 SL /min.
0°

25 

20 
15 

10 
5 
0

25 
20 
IS 
10 
5 

0 
25 
20 
IS 
10 
5 
0

I « t » t t «- t -»»l«t«t-f ■«-» t t 1 « « » « t « . . t I

0 5 10 15 20 25 30

Time (sec)

Pressure 1 (kq/cm*2)» »"i r | i ii*in j i i ‘j1 i |' re i i j

-«-« .f 1 I . «-t ■ I ■ t . t I t . . . t

~^vAtA\^vAV</vV/AVV/iV\sVvVW/aVi\VvV/i‘ivVAVMn,VAV

Pressure 3 (kq/cm"2)> > » > j i * • * "j^n *i j i i i “r j1 i i t™

--~-^-*-«^VUWVvn^AA^MVVVWVAVWWvAiVWWV\AAWV^WW
ttt.lt »!« I » « » « t ■ . » I t t * ■ » I . « «

Data 1 (kq/cm^i
t I I l"l j 1 I 'I' I 1 1 1 J

—2 Li. i. i. r t i ..»-t, t..»..i i t t I

Data 3 (kq/cm^2)i i i J I i i i J3, I r » I"|

t t. t i t-t « t i t . t > ! t . t . ; > «-•-■!
0 5 10 ‘ 15 20 25 30

Time 'sect

y< x

Eo
\cn

O
(.3WM0L

CL

No i se 3No i se 2No . sc l

Phase (degrees) CTime* 1.0?sec.3

M2. 4. 1-160
(Ml, 000 &/min, . AJUXMM0. 8sec)



mm)v-'7°w.Wi (#*)

K### TEST No. H8-A2-10

ESSES 1,000 4/min.
MfoMm 0°

Pressure 1 (kc/cm-'O)2a i i i t i j i i i & | i i igi-1"i i ■» i

Pressure 2 (kg/cm^S)
1 1 *'i'

Pressure 3 (kq/cm"2)

0 5 10 15 20 25 30

T i me (sec)

(#>x - /

2

1 
0

-1 

-2

2 

1

0 
-1 

-2 

2

’ 1 
0 

-1 

-2

0 5 10 15 20 25 30

Time (sec)

Data 3 Ckq/cm~2)
1 1 I 1 1 1 1 I 1 1 1 1 I

-/<x

6o
\O)

GJu3MW0L
CL

50

40

30

20

10

-0
0 120 240 360 0 120 240 360

0 120 240 360

Phase (degrees) CTime= l.0Bsec. 3

Noise 1 Noise 2
• I • * • j * * • ; •

Noise 3

I ' ' * I « « ' ' « « ! 1 * ' ' 1

S2.4. i-i7E
(mmi, 000 A/min, Osec)
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E### TEST NO.H8-A2-12

E/eM 1, 000 H /rain.
0"

urc

1 • • • • * * » • « > * •

-»-* ' '

» « « » t . 1 . , I t , « , f

I ' * ' • I »-«-» * 1 » « -♦ ■ t » « «-» 1 t > « * 1 « « ♦ « 1
0 5 10 15 20 25 30

Time (sec)

Data 1 (kg/cm^2)

» » t > . n 1 t . . . ; . . . . t . f » » ♦ •

Data 2 (kg/cm^2)

«l«»t i. !<«««!«

Data 3 (kq/cmA2)
TT l 1

I—• »S t I
0 5 10 15 20 25 30

T i me (see)

$>x • /'fx

No i se 3Noise 2Noise 1
i * *

, Phase (degrees ) CTime® 1.08sec.3

S2. 4. 1-18E
(Ml, 000 &/min, MME0° N AjVXJlSl. 2sec)

-95-



(StK)
mm## TEST No. H8-A3-08

Sx/EPiEB 1,200 £ /min.
o"

(#>y - /<
Pressure 1 (kg/cm^S)

pressure 3 (kg/cm^a)

•mww-v\'AAiAVVi(V^"tAVyv<VVAAAVWVV*vVAyvtVVVVWVA,<

T 1 me (see)

y<x
Noise 2 Noise 3Noise 1

« * L

Phase (degrees) [Time

S2. 4. 1-190
(SH, 200 £ /min, MMS 0 6 , /'Ul/XJl^O. 8sec)
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BE;!/-:/## (#*)
TEST No. H8-A3-10

1, 200 £ /min.
0°

Pressure 2 (kg/cm^Z)

I »«»-■>»«»» i « « «-«-■!--»- ■ f « ■ -» < « » 1 » t < « I
0 5 to is 20 25 30

Time (sec)

(^>y -

2 

1 

0 
-1 
-2 

2 

1 
0 

-1 

-2 

2 

1

0 
-1 

-2

I "... I .... ............................ I ■-.'■■•■ - I
0 5 10 15 20 25 30

Time (sec)

I «-->-*-> L

-;<x

No ise 1 Noise 2 No ise 3

j-t !

Phase (degrees) [Time .5Isec. ]

S2. 4. 1-20EI iSJEJlr—Xl*3/'UI'Xfg£KS*&S 
(SSgl, 200 £/min, MMS 0 ° , AVI/XMl. Osec)
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(#*)
TEST No. H8-A3-12

i§5EZiiEB 1, 200 £/min.
M&-M& 0°

25 

20 
15 
10 
s 
o 

25 
20 
15 

10 
5 
O 

25 
20 
15 
10 
5 
0

I .........................  1 ........................................  I .............
0 5 10 15 20 25 30

Time (sec)

Pressure T (kq/cm^2)

Pressure 2 (kg.'cm^2)

vvwMww^W'^,V,Jifvt>wV*NV'v^^v'wV*MN,vV*VvV,rfV*A/V

Pressure 3 (kq/cm^2) Data 3 (kq/cm~2)“l“l “I 'I J I I I 1"J "I I I I 1

Time (sec)

y<x

Mo i s'e 2 Moise 3Nois e 1

Phase (degrees) CT i me

S2.4. i-2iE
(Ml, 200 £/min, MMS 0° , A°;i/XMSl. 2sec)
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(i. i. 2) K/'ui/xs^^sstise

fifcfSo
^ (CO 7*7 '>CD ®ij!|$€-|£CD[o]±, ###, Mi###CD[Al±& g M 6 L

fed <h£5®fSLfc0
tg,&77 y^CD^TH Etf-fESI-SrMLfco HC>

M-eMfsES 7'u-x) ©MMia^fco

mmmm, gn©M^#s>n£:;it^mmbfc.

a. W##t — ^
S2.4.

S2. 4. 1-22E mmt-7

<. % AEet

7 L^c^E —^ SriSfSBf CDrelXESti ( 1 ) CDlf^IS
mtc#u^6c5, mopeim%=####±u^.

7-7 11£3 feCT^o feo ^-©PetDS^SSEO. 8mraT-^o fc0

ca&-%H:7'7 7(D#m&m#m^L, c$i^±o#
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usitu, tnz

mVttb (2.0mm) > m&&fim&1ii%Mz-7cm'£rlzteWMlzxM&*tmteMm£-r%7t

ofc.

¥^7D-^©ii«iTUfcfe0!i^oL msunoi/#

rnm#;o@##@^mw7h%(cga# c*&iomm) afi&Q. j=

-e(D%:8B#$m&W#&IB9 3< U 6 5 mm.£(T£T5M <k Lfc,

(laIK0.3nun) «£ Q&®r££it$i*3 C t ft

Sifc $ iis o

■ecDfcib. I5on-^|ij^lciiig*|J^i^b, 

fee (Ml. 4. 1-230)

@^7 '>£&©&&
mmT&m 1

LVijit, mffi&ffiMLTi'zztfr&mm&izxtfztmmis, mm&ogfcfczmz 

ZtZBmt Ltcak&*fto d t thfco 
immm&#@MM6Hi2oo'cgijm#.

j^isay^ygBommmmu-y^yi^yyisoiMjm t #

T> A*ff£x^6©V - KHMSL,

S2. 4. 1-23E I5©§IEK
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- mmmm

U WL & £ : s^->200°c (50M) ^220°C (5#^) -+M
:E — &MffihJl'& : 3 kg-cm 
S fi.lt i S: ISi^S
wr m m s : mm, mm. Mm$'Yiiijjjs<D®m&R&77'><D&

m m m nn: mmtTz,

H 8 ^ 2ty h (No. 1No. 2t-f)
mmummw&mi. 4. i-240fc^-r.

&#, £©Mmm©Ji§ 1 Ego^terafgttti^iiJ&Lfcfe©©, mm^oEEB© 
l<*¥s©5$cs^s£vTti?i£©v><%©T?a^^fc. -e©^%icmmm

&'?' E mB © MSr35s 10rpm\Z JR £ <5 «fc 3 \z H \Z ^# Bfc & £ fir o &.
•

(a) ##%m, EEBt::^ WT, SIB. S2 Emm*§:E£S2. 4. 1-25E£5fT .
(b) # 1 E, §§2 EtfeltJO. 8mmT'&ofco
(c) s 1 EStJmc&nTtiu sse, #rcso#^
#^s©Eem©#T^#uv^
(d) # 2 Emmmmk:j3^T, No. l%lXNo. 2t-^#(:Emmil80rpm^±&m#i;T
#0, Km%#^©Ee%©^##%10rpma:^^LT^S.

2.4.1-24H mm#+mm
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Sf
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55
1
zO o

to
T T
Or Or
H U
ft ft

*
V V
•a *n
R B

?8»®8K/ig*aS:

to H-*rH rH
4r
at ffi

4,

N> M 
pH pH

11 11





• ##

(b) ^ 1 0K#ONo. 1 t-fTtmM%C75rpm&37bBma#k 50#E#C^45rpm

£T$c'>LT^3<, tSKTt?IS*r5.
(b— 1) /VP X E iH 1/—

b<DM%7si^A)isz%§immtz'D^Tj&'<tco mm®

(mz. 4. i-26^#m) .
^0P#©#OHKtMt§PtfBl^45° TO. l#<kLT^&ca&St-f 0EEM75 

rpm6^0% Z: ij&*T#5o
IUEB£S 1 08&5OP#0&©teT£S45rpm£t'Si:#©WII§K:M°rSI$r.ri«O. 1*75/ 

45=0. 167#S2. 4. l-26E0,£im, ^-0|^0##&^f.
&®\si&m%i\ZA)\sz#mmmmMfflmm®m^\zj:z>0 #m#^^^@Emic#E# 

t;^te>n5fc», t)©©/^;i/XFBiE

ami/-HaMu&v).
(b-2) /VPXt&^0B@

EE#E0^4i: /pxmmco^T#^ p%7#mk:#0EEk:#f aigim
ta, tb&O. l-0.3#T^-fb^#T/X/I/X0#^&mm%lc##4LTiS 0 , EltSaEfiTti:
k ? ft ® ps m x b ft m rj m ti rv i/ x & afi £ & t # § z. t & *g g t t b i § o

■)t\

#i

t:0. 8

ta tc tb to

0. 1 0. 15 0. 1 0. 45

/,'
/

t : Ajvxmm
ta : #045" EE#E (Bi
te :E#0##A#E 
tb : #045° EE#E (E- 
t0 : E#0##±#E

■m)

-IS)

t’ a : 45rpm#0# 0 45[ Ei 
t b : 45rpm#0# 0 45 Ei

#m/Vl/XMMT0#0EE 
(t —^ ©EE#: : 75rpm)

m m r\) i/ x m m t =e - # © ® e m. * 4 5 r p m t v k m #
0#©IhIE

12. 4. 1-260 ;e-^@gti;#0@E0ii
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#4tRR H 8=e-2 X# /hash!
96-09-17 11:44:48 ~ 96-09-17 12:00:03

2.000

5.0000 500.00
t Hz )

S2.4. i-280 (x#)

H 8=5-2 in Shashi
96-09-17 16:27:37 ~ 96-09-17 16:42:53

3.000

500.005.0000
( Hz 1

REFF

1 CH

2 CH

3 CH

4 CH*

S2.4. i-29@ (z#)





%.tc, =E-$<Dm.m^t')vv\zmzhffi$i'£t£.^fr%:m&mzmm't:b0

n [pj: m&?% 3 lmztizfi?, fctcLx,
#0^it5o

ip >1 & : 1, 000 [G] X 0. 5 [msec]
mmiam = e#s
R#m#:
mm^m: mmm'&vmftvtuzBmr-mmrzo

uwKDstmmwz^ 2. 4. 1-300^^1-0

(m*##) tmu\ziEgLT&D, mfrimmmmma 

HI/^TMLfco
4. i-6&ic^T. x#t Y#a#%#x&s^*6, y$6ko

V>T<DSfE h;i/^thMttSl§L, X|30, Z|3®, £fj-6 0©t£Ji-£*to fco

^ n i$ m m '& x h )v z <d m & & ^ c t & e> m m \z & § m * & & < m & n s a m m x $> z> z

tzmmLtzo

12. 4. 1-300
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2.Li-m ufr±Tm#)vb<D&&

EE#
[kgf-cm]

EE#
[kgf-cm]

s #

i&%-iLTm<D$$ibtttfmm
V)V2

HU pR 6. 2 -

#@G 6. 2 -

M * 3. 9 4. 0 $it&0&8EE#K:##
WVf &W-jHbfc«fO 
to#SG * 3. 9 3. 9

b . #AX< V if 

-f.
A;|/X#©M#±##&2&%)&#AX< y^te, 3£Jtbfc/i;i'X©fS££/'<;i'Xi6J£ 

(DMl&lzmm?3:M£ &TZ> o
¥■$,6m&yyi'Z&WTzmmfciz^yuyzm^rcfc 

£>, &&&££&L&M&*£l££&V. /\V!/X#©EE8H££SSM7 £

¥^7¥S^tiX-r>l/X©H>t:-b75 y 7 ©Ifei^T'&^U X 7° U >7lc £oT

■a# is] m t # # § m g & m & mm l m t & # *» srfe*& © &# £ g *t u fc. ^

s. 2oo‘c©ai^Tfc*ttsBi»stinftt®^tt&^bfc!&©©, momL#w#m&e 

5 ^T'fihftg^fnfc D , e±#m&X4ry 

-g-CT, ^^S©KfSa, f j^7#^M©gAX< y^©jf±AmTfl©MB, X*y 

y#f#©ma&m^L, -e©#m&^»^EiH-m#{-&#^^7 AT, 3SE©EH-sg£t& 

W, KIEV, L?h =

n. #,^X< y^©#±Am#B 

(DEE©SE

@m#m#©#f#^^#©mm©77 ©#,<#:

/^6EE£S;BT5<,

• ee g$
SEE<bfc^T?.^±'fxs^'fk, $%., £©2 ,5mv>tbb£

ff vx V^TtLOS-n ^-7 V^T=fe^ih'fiS"ftl^ 5 0 SU^KURSoTViS Z. t&VMM-T 5,

- EE&#

MlSIr^S
EP flD @ E : 10V, 11V, 12V, 13V, 14V, 14.4V, 15V

- EE^m
EEtiSEPiDSEr<hfcl5iHlE$ii, *©ffi©E#MK2rr3fcg'f*ig£ffil8|-r5o 
IHSfiSI2.4. l-31HItC^To EijOT©^M^<hLT/'Ul/X'7xA>l/-7©tB;b
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S2.4. i-9&

@
m

BtMS t--^SEECV] [A]
# #

[r] m m fit Ik P# m m #ik#

mu 15. 004 15. 004 15. 004 0. 203 0. 197 0. 018

50 15. 005 15. 005 15.005 0. 199 0. 172 0. 017

i
100 15.005 15. 005 15.005 0. 193 0. 162 0. 015

150 15. 005 15. 004 15. 004 0. 190 0. 160 0. 013

200 15. 004 15. 004 15. 004 0. 179 0. 160 0. 011

220 15. 004 15. 003 15. 004 0. 179 0. 159 0. 011

M 15. 002 15. 002 15. 002 0. 203 0. 195 0. 018

50 15. 006 15. 006 15. 006 0. 201 0. 171 0. 017

2
100 15. 005 15. 005 15. 005 0. 192 0. 163 0. 015

150 15. 006 15. 006 15. 006 0. 190 0. 160 0. 013

200 15. 006 15. 006 15. 006 0. 180 0. 160 0. 011

220 15. 006 15. 006 15. 006 0. 180 0. 158 0. 011

M 15. 005 15. 005 15. 005 0. 203 0. 198 0. 018

50 15. 005 15. 005 15. 005 0. 198 0. 172 0. 017

3
100 15. 005 15. 005 15. 005 0. 193 0. 161 0. 015

150 15. 006 15. 006 15. 006 0. 190 0. 162 0. 013

200 15. 006 15. 006 15. 006 0. 180 0. 158 0. 011

220 15. 006 15. 006 15. 006 0. 180 0. 158 0. 011
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®m'&mi&<D?k&\z-o^T\t, cpu©^e> iiEKoii,
M £ ©Mnn&©£M b fco
d)';7l'^x7(t B^^S©SI§^iDX> ^-^tl-^fijffl LT'/>-T©ls!E©^titi^tT'5fc

®ttMmMM<D?z®izmffimmM®ffi&izmfl-&r. 4mm^6 7o
mMTlzmmvtC',

$.£> ^o7^m#m5im^T©m#Mm©7h%c,

S2. 4. ©Jt^S^I-,

2. 4.1-10$ ¥l&7 ¥S£©jtE

9 B ¥/&7¥£ « s
cpummm#

mmmm

KffiAtl&tl

(“ft 30 *###?
manSGa

77 hW MMMW

ivmatifflffl

mam

;VMEti±em

#29. 4mmX#$ 300. 0mm #28. OmmXSS 522. 3mm
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^ 0&SS2. 4. 1-510K:, @g§^i-^0^S2. 4. 1-520
IZTjk'f o

£ D • 3 (CPU)

8 H y h •?003>Ifa-^

©y n y

@^D^7A^tU (ROM)
7°oif7A^iSit5 U — H • :t> V 32kB£WLTV>5„

T-^§Mt§U-F/7^ h - ^ t U . 32kB£WLTV>5,
(§)t-^MIE8&

^SSZEgB^BOi/'J

©

7° Q** nm 

32KByte

32KByte
@

(D

©

12.4.1-510 D y £ E
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b.

aits. WER^'^mfcoV^Ttt?US®IEl5lg§©Sfilf-e^f»
4. l-imcito *¥S«-k>tMt7'A*cD^^ttWPi§Lfc =

v iz, mm^mm^xtKDRbo
fg®§§ © ffi *«£l L Xft o fee

K#y □ v 7 0£H2. 4. 1-53HI t^t.

4.1-54® c^-r.

2.4. i-iim mmxtim^m

-k>-9-^ umn %ni£

(180° )
X : +120° +5. 863V '/> '7:rF*U 150*0 +4. ooov

Y : -120° -5. 863V

Z : +120° +5. 863V

m#
(60° )

X : - 75° -7. 348V

Y : + 75° +7. 346V

Z : + 60° +5. 862V

±>D-mti (##{##)

INPUT OUTPUT

2.4.1-530 mmy'U'yZ&^rtfyX
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toMSffiSBB X# /Kashi
96-11-06 02:48:21 96-11-06 03:03:342.000

j 1 CH

J 2 CH

3 CH

-LLL.L
5.0000 500.00

1 Hz 1

mi.4.1-550 (xm^ip])

/Kashi
96-11-06 04:07:17 ~ 96-11-06 04:22:48

5.000

0000
500.005.0000

( Hz )

REFF

1 CH

2 CH

3 CH

4 CH*

mi.4. i-56ia (vm##)
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96-11-06 06:00:15 96-11-06 06:15:58
5.000

2 CH

3 CH

1 .LI.. I.
500.005.0000

l Hz )

S2.4.1-57® (z^^iri)

■dkashl

t

BEFF

1 CH

2 CH

3 CH 

4- CH*

M2. 4. 1-580 (X Stl^riR] : h u — mw
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(1. 3) t — M##X 4" 7
(1. 3. 1) ISEXA' 

a. gfc&fgff-

¥/&4¥6£ 9> #
® <b r cnr v> s m e u ^tc

tbX'&’DfCo f m7#m(C^f#L7h##^[mEX< y^-eti@EB35rpit:S^LT0N/ 
OFF &?} v Z.ttfX%ti:fritc0

^(0Tc^mn^m^nm\zm^btc^^, /ix>x^%< hism^ik a####
^7U >^**iS^K:«fc t)*3fe©i£&>&lRl^©^l& (Y#lRj£f$) m^©X^lRl^©## 
&#vx 7K¥> 45° , mmoMmam:j;ussrpmmmcmAa^mLommc&a&g;
it son/off© a >f - > c a ? £,

£©fc&[IIEP#£X#ft{;:#®jLftU<fc5 U >^!;iDMt5oitL7ca
312.4.1-600 K:gfe^©«tS^T.

3im±0#%^i9 imm)

/< 7 V X ■? » 4 ^

» - y yv n a a

;2.4.i-6O0

b. BE###:#

®EiSu ^ffi©gcJttt&0«TS.
p.

IKma#mTBE&&20~60rpm©|g'TBc@Em::2Hb3-&, 0E^©^M^IrIK:oV* 
Tft-Dtco KJ»«t0®H2. 4. l-610fc^f.
+i-;i/V3 -f > X< v7©0N/0FF©mmex U 7 7’iJ >
mLT7^ h ©£*T/MtTT:%EL;fc,
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(DM 7 MTtiMimT, C6^T#?h©a60rpmT

Sofec *#agTAT0^#T^^^#$mLT(r^(Da45rpm'C&S C t, 

$)#EE(:EbTWSC6:^6,

LftbWb 1 g®^x< h©li^SibTffliT^ ^\Z^-oX%ny'Dt1fihotz.

%&60oGiSi0#!)^0±(:^O&3TV^^&, WSfcSSitESrfTo 

tctZLZ, ^OlHlgKTO^CT’Sofc. ^fcli'fff%£StOiteIi6Tt)f

®A>f>^i©i^OT}iIiPf0A7>XSi;«t5n^;i, • X*©&f& 
7i ^ II ^ ^ b T V i t ft ^ $ n § o

/ig©#^?&*©gga&#5 0 ^6#S, ESP# 

0A*7>xsii:Mt53^ji. • A^0fct>asl£fIt5iK'l^S§£<h&£ffi!lfe 
(Dmm^motco j:%C^R±©##%m(±X<-XMC^##^

& S o

Tfr. $ <k ©

a £ tt-M s zt&mmvfc&, mm&f%mb^^:#m©%^^j;

^s-&tv> *tc©, ttz vm&tz.7°utf?aoim^&%&.

a±@##©j;?(:##^Kj;SEEX< y^©m# •

&s, ^^^&##b?h.

c. ^{4-fe >th©-f5.fiB
mmU&iZfttZgfcVk, ®Xti£MbTmitoE*lffi^E£SISbTS7h;fc\ JE 

EX^-X-^ES • lMS©®E=b&oTSfflte/^BB<b¥iJ£S:n7ho S'JCkS^
5i^s®s^, #me©E±, cpu©m@m#©@#&2, #mM(:EE&#mf

sc:&7h, 0gX'fyf®0Ml;tfcoT'/>ftS$l<tt 

6> CC(:^^#&m^^EEX< 'y^e##b7h.

<. ###H:j;&EE#tW@

S2.4. i-62@fc^Tck5 ic, y, z©b

^b^3#^s#^$ae.

3#©5S, '/>f ©4"L'#KB^'#-& 2# (X, Y) &EEK:£ t>&Vb MiE^:©

i EES{w^©m*«zE^c^-fkT5» d©m^^4b©M%& 

Mb, EE#&m#e,M. cogit'Kx. Y#Ma^ i m©

tij^KJ; V EEB;M$50
£©¥STtt®Ef©itHiI«, Mizblj-^zmStoM^S^SttSto^TS. 

&c6&s, #mEE(:^wT$)#mm<EEmm^3R&D

®7jc2F^limits (t'fM!), 35rpm) C , SBlrti^FS
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* fic -fe > +)-

2.4.1-620 ^-fe>U-©«E^

n. Etf-

y^E^&^-fcExT,
E3-&3-V7 h^xTT^^.

d..

isMESGciaB&mmy? ^x7, ^mm^mmmmctEismf-^oE&y? h 
^x7*#nnbT0e^ffi©sc0&fTofco . mmzmtm. mm#iE
eg, c 6ammE##©#g^T#@ir&^0T, mm#iE

EM^©{I^l/^;H;m±T-<DMtj-<Dtiti;bEteSBE± 6 V^^iTTOM^^, v 
-y 1 V, M^»tt0eiS[18~8Orpintffia-rsO. 3~3. OHztbfc. £fc,
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wm&c a&s, 6, ooorpmfcffiS’fslesshue 

S2.4. i-smizumy'uyzmz, m.4. l-istoem.4.
%l. 4. l-13Sx S2. 4. l-64H^e.0|6^75:j:'5^, 18rpmfr £ 120rpmi;TteIEB&lHlE 

6, 000rpm£ LT^3 0

TTLK

2.4.1-630 0EX-T V^USk^Uy PM

#2.4. i-ism @E%<

XAHifcMz] E$E####rrDml
0. 3 18. 0 18. 0
0. 4 24. 0 24. 0
0. 5 30. 0 30. 0
1.0 60.0 60. 0
2. 0 120. 0 120. 0
3. 0 180. 0 183. 0
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0 1 2 3 4
*fir|i-ftiAJE56S: (Hz)

nzMSBggc 
♦ X*@gSc

12. 4. 1-64®

e .
£lM ^llgl0 V 7 h >7 x 7

ML, gmaT&ss
rpm^T©@EET-=L@E©^^I^plBgTr^o7c,

#g#IEag(CEE#moV7 h^iT^ffltSuiO^faotiST'f^ut

®E7< yfOTt§.

(1. 3. 2) @8SX<y^

AnT 37c.
V/^BSS(7)7^0 >y 7 ®£S£2. 4. l-GEEKC^T.

Scft®i^t©7W^-- M® u -7m^&##T#%#^a-f%7c&, MS-k>-y-©ai
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Lxm^w-mL, mmitm^\zxti't^o x
-i* * t7t5.

ra$t§0
B##%Ix<;i/5#/J\40gal-e, #^Mmm(i200Hz-500HzTrm#&e-3 7h.

* 9m*:¥SiiiDLfclElgElr65.

312.4.1-650 mmx-i

a. [&&,&
Ti:^to

• >y°zmmv tz*

• y^&B^#rn(D70mm^6 65mm

!^T£tfc.

b. mmmmmm

SrSl:S2. 4. l-660fc^r <fc5^^^©M^[3S§T-^S]StW1§^SELfc =

• Ml/^;i/£FFTT^-^Lft^e,y-r XDEE^J: 9E£T 
5=

• ^m#m0g§07f • m-mta.
• (x<
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^ — >1?

1-9
IN

i-k >+)* 5 -%yu

FFT * A'9-7)7" SnESs

OUT

12.4.1-660 ##^#^0 7^0

□ . mmmm
cmvMttz 

ttt)viz MM®®(Digm®2&iz]]i}?LMmm%i&fr?fc0

y ^®^m2. 4. i-67ii;st0
%##T20mY (40mVp-p) ©AS S <9IEM£ A* U> SSHEIgS© 7 A □ ^tii A Sr^E-

(40galoaommi:#g)
h^-^©AC (###) Vfc =

2.4.1-670 mm^myay ^0
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A. ####%§#
4. 1-68®, 2. 4. 1-690^^1" =

@msw7>y##i
M:) |j

0 100 200 300 400
ZOBVXCAL]

mi.4.1-68®

wmsw7>-7®&
J*5*-9 sflHftVjKGAU

0 200 400 600 800 1000 1200
mmmvL tn*j

■ 1 0

» 20

& 40

B 60

» 80

6 100

# 200

mi. 4. i-69®
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4.1-70®, m2.4. l-nmiz^-to

#msw
A*e8K 2 OmV (4 OmVp - p)

0.380

0.340

0 200 400 600 800 1000 1200
BKSt [Hz]

♦ sot:
♦ 5 0% 
*100% 
a l 5 o%
♦ 2 0 0% 
* 220%

#2.4.1-70®

sisw ry-fm&m-ft
ATlSEE 2 OmV (4 OmVp — p)

0.400

0.380
cn
2
“ 0.360
>
0 
<
m 0.340
1
5

0.320

0. 300

*10OHz
* 15 OHz
* 2 0 OHz
e 3 0 OHz
* 4 0 OHz
*50 OHz
* 75 OHz
* lKHz

,g,l l || i.

s^__.
-----11-

i 1 "1_____ :
50 100 150 200 250

.JSS&g [%]

m2.4. i-7i@
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Tfr.

l/^;i/^400gam±TB. €fflLTV^^-^7>7°©X;i/-t/- 
m*m3e#di%ML&<&3TV)5.

SWM<DM6'fe>th£€JlU 5P7-v7>7°T'^ttT^75:Vifc&,

Hz~ lkHz&TBB?a%##&^L7c.
S!2. 4. 1-6 8® MS 2. 4. l-69Eck D , B##%E#0 200Hz-500Hz/40galTB, E## 

%] l/<)|/(DO. 28Vm±0m^#T& 0#%pT#T&^.
MV 7 20galT'©

7<X##&#mLT%E##^IIx<;i/Om^T. *m±20
galOE#Tt)#^pI#gT&%.

c.

8stmt®®*\z%%btczt\z&y, n-tywfogM®. 

$k<D±m&mm7>'( y^vfo^mfeikenkmtimcsooEzizfc-Dfc* msm-t 
SSSSilK (mi/lOOOG) j:7 (:%=o7h.

Z.(Dfctb, 7 7 h7x7©iiJP^ J:oTl^t>ti;il7^ C
j;oT, g&S6t21££ 

#@Aib(Cj:^A77U#$(Dm#, y hat*#
WC6&S, m.4.i-72®<dj;5

y LTEtg£i* SCI £#*1*1 mr& €.0
®m#=mEc

MMTZV 'y7',Jl'ft<DMm$:!&mmEffilZTmfrtV . -m# (40galf8#) Sk±T~%tl

immmtiiik&Vimm^mmmmizfcm'tZo (100
Hz) &±T~&n\%m*-t)mmvT^z>tmwi-?z>c,

(7 7 h 7x7) 7 7 h 7 x 7)

#2. 4. 1-72® W7h##7< 'yf®7*0 y 7 7W 777 A
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iammiEmcMemo'j zu&m^mwmmz'j

0##&#AnLT@m^m(DKm&fTo7h. o
<i§§0ffl*£M{i-^£^xTM£BE>Lfco

S2.4. i-nm\zuwi7°uyzm%. #2.4. i-im, m2.4.1-74® .

#2. 4. 1-im, S2. 4. l-74@^B9EB^^:=k"5^, LT^fcBJI«l::B
Hzomm^mAL-c a ^ § ifi, a^Rcm&m^LT^c «ssm^ & § =

TTLKM-Ms-^

2.4.1-73® mmz'f y^mmy'nypm (M#tf-M)

2.4.1-14# (###mm)
,0V (0° ) 4.5V (90° ) -4.5V (-90° )

X*MEE[Hz] mmmmmmz] Mit urn $c [Hz] MlMEEDlz]

5 6 4 6

10 10 12 10

20 20 22 21

50 52 50 52

100 100 102 100

200 200 202 200

500 500 500 501
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htzmmmium

0 100 200 300 400 500
Afijg&gCHz]

»sgsjg$s: (ov)
(t4. 5V) 

*-$ISigffi$i:(-4.5V)

2.4.1-74®

d. £ Ltb

f# - Bm&mx B##%lx<;i/#/J\40gaL #%M%#[200Hz-500Hz&#&T
zztzmmvrco

btcmmz't y?&n%tz z tt Ltc0
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(1. 4)
(l. 4. l)

E|77';n^r- h M^&Wr ©» ^14 & |rI± $ i* £ && 3 itfeC,

8f&lRj-t©fc«>K:» £tHU7h, if□ .&'>7 K 3#T©^SO##&#Ef ^^:%©

a. 3

&&M&6, y-)l7 zl-XM&u, *fe>U-©S*fc:$f-f SJ8S&K t L, iz>it©# 
DTIrJ# ©&#®-te >*!?■©±[6]#(DBeSft^m«'#$fi-fe>-y-©fcti* 

lx, I y, Iz li^0i*Dt&5.
I x= — K • sin# • cosu 
I y= K • sin0 • sinu 
I z= K • cos 0 

'tit-oX

sin#
tan 0 = ------

cos 0
/"(I x2 + I y2)

I z

0 = tan 1
V~( I x2 + Iy2) 

I z
(fcfcL O°^0< 90" )

g§Vit, -fe>l3-0ift^M#[M]fBi#©Il#©ir >-y-Offi*£lE, SMlRlS0B#S^^f 
ntf#®-b>-y-0ffi73Bx, By, Bztt^OlDtas.
Bx= V (cos C • cos u • cos 0 • cos A — cos £ • sinu • sinA — sin C • cos u • sin# )
B y= — V (cos C • sinu • cos 6 • cos A + cos £ • cos u • sin A — sin £ • sinu • sin#)
B z= V (cos C • sin# • cos'A +sin£ • cos 0 )

#m %) ©assii-rs £:£&£«&©<}:-5 cfcs.

(Ix • By— Iy* Bx) V~( I x2 + I y2 + Iz2) 
(I x2 + I y2) B z- (Ix • Bx+ Iy* By) Iz

, (Ix • By- I y • Bx)-/"( I x2+ I y2+ I z2)
= tan ---- -------- --------------------------------------------

(I x + I y ) B z— (Ix • B x+ Iy* By) Iz
(0°S A< 360°)

A , ^-#©##(: j; 0, ^04##(:m^T%
S.
ftl- < 0, ## < 0, ©Pt 0° < A < 90°

< 0, ## > 0, 0# 90"<A< 180'

> 0, > 0, ©m 180° < A < 270°
> 0, ftm < 0, ©B# 270° < A < 360°
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c. SifEtDE/S

< . 7" V > hMti260°C, 60^T^< ft©&l^ + 7 □ L, SM@©#Z>
©*#, ffi^TSSEtiWfcb&Vicky fclWMSili: bTMfcl/'7'X h£j&'ttfc.
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3%^7 V^ft±T(D^#T#@f^mE£klft. @i@T<Dig;i 6ftH H>3 >57 ^ h<D

b 7c: □ * 9 $ £ {£% T § &gj&« £> §.
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V7to lEBMEitri^^OH^grec^oTSK 7hg>TS 955:6/^=

H2.4. i-i83E

®®f4'IWE-fe>-b-S 
#@M&#2. 4. l-184Efc^1"0

1 BSD^200GT$ 0 . %9OOG0®#^^A^oT^%. C0 
#a, JIS-COO41©®eMEBt0n:SE#±2O%^)ifcLTV^o

LTto 3 >KoL-^Tmm#IE@K^6 0m
*{s^MELTVi7t^\

1J -fe V h Ififr fr o 7cmtelE^T fcM L ft. HC B ttmEiS 3 * ^ * 0 t” >**Sfm £ £ o t

—284—



Mssgg (x-^&u H98i-i > -i%

3 m m & < a co 6 $ * n ¥ ^ m « a w °^ n 3? % # 4H t& -i # n ^ pr 3 m -ic ^ ^ & % m

<^^#3*3*0 0000 ‘16# ‘ G %J.0002^G#g I -:iMs@M2gta>ggT
° 4-^30881-1 •*

'^B?a0^$as7-syfoiia?
33? Ci •£ f" V( ®

^-###m} 0t8i-i'^-z«



1 tf 8 H > S '> U - XES U Sir £Sg2. 4. 1-1860 Sifc.
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M#^©^#j;D, *¥^EfflLfc^{x-k>-9-fc j:5[HlEX-f M£Hz
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Mm 1 c 1 0
Mm 1 c 2 0
tKSIEBE 1 m mm# O

2 MW# O
o :mm- missE/E-rmfmmm# 
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£ tlT Vi % A yyafiifcg fflbt # fc0
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OtlC^Lz*¥S®Ei$^SS$SL/cCPUti, 200°CT(Dm^#^4emm^^3Ti3 0. 
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• t&SlM £)>Km (SiS/^ 6 220°C : 3 0) : OK
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- i&m-P'f PJl'MZk (S^ 62200 : 3 ED : OK
• 2000!@ffiBXESC« : 80M OK
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■ofCo

• MOTMim (M^6 240°C) : OK
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•UmV'fZfrUm (S)S^6 220t:: SB) : OK

• 2ooti8mm^#K# : looBers^TOK
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w&i±ti\$&m?>?7x<D!±ti, sEMtt®E$sg©APT?©iagfrs.
b. mmvmfrttm

®BES§s (D01A)

®ES§stiU ^@4) 267. 4mm. m© 0 #$$93. 500mm©#gM##§#T, ^@<^48. 6mm, 

±##3, 500rnmmp^(D%m^m##:^m^7h(i^#^ 6-3/4" (171.5mm) > ±6Ef2, 500mm 

®-k>D- •

mEgg§0#%@pa^%oi#6#maL, -ij(DMu\zm%tz\$t>v. u-^$®d
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$.ft, mg&zmtt/vvzftQftWivtu&B&vim

t?Z>o
BEWggO«#lj££f£2. 4. l-256E(C^r =

#E#§§0$#:@p^a, mbem

«k%.
-mm##: m-@E^####m
• WL ff E # : 220kgf/cm2
• 51 ^ E ft : 200kgf/cm2
• 1£ H- M g : 260%:
• 51 £ 33 & : 250°C
• BfE-ffcOHE : 7jc

• e ^:mmpm
■ %.W fe: *1-E<i> 267. 4mmXft© D:S£3, 500m XJB©P¥tfJp$ set 160
- ^ : STS480, SFVC2A#
• $L i: 11

- W a : a@124L
• ig. M : Uy P 'y — JU&ifi.tf

• # JH a : ^Woy^MtWHOMtf, #A
• = m#\ *>v- •
• 6il£B@ (4X0#) : • 13-7*

©BEWH 7 5 > 7”^;i/ h ± y f'MttttM
BEWIg^7>7°^;i/hX'y HB#ttEE«BEWIg©SS(DSJ^fc^Bf 5 %(DH\

m 7 #g^m#e#0/j\@!BEKmm@o#z0#&#m0c a.
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P.

mm? > ? <Dmmmzm2.4. i-216@^^t.

- m m m #: m-@E*#g
E If E * : 220kgf/cm2 

ZEE*: 200kgf/cm2 

IS fff & & : 320°C 

1£SI: 310=0
m^fconm: *, 
m SC:EERE

E m * ?£ : ^#$9 4> 267. 4mmX^$$92, 000mmXJl©lTO'Jp£schi60
i 1 # S : STS480, SFVC2A, S25C#

% m : 1#
W m : $970L
# S. U : n y 7 7 — ;M£iS#

: 15KW (1. 25KWX12) » 20=0^6 200=06 #RT#iS

ss £ *■ sc : ck^is^mm
& E R g S§ tf X k: <k § in E 36 ff X ft as fc <fc § m E if S

• i§EB5lhge@ : E*X< y ^205kgf/cm2©E^lrMfc~?W± 

Sife^220kg/cni2G©E€T-Dkffl Li§EE±

>7°
i#is#>^a#^#j 2ookgf/cm2omik<isme^-c?

&.
E # E * : 220kgf/cm2 
ZEE*: 200kgf/cm2

SEMIS: 260=0
Z E m m : 250=0 
8ft#:©@E : *
E SC : iiiiSEE^ > HE-7^>7”
% a : $91. 2m3/hr^±
# E : $930m 
E # # # : SUS304L, SCSI3 
@ ®J # : $91. 9KW, 200V 3 *8 50Hz

: 0. 4mVhr (APiS^35°C^T)

is #: ie

(D02)
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1

—90

1OB-sch160

77 f 950

15Kw

a it it ii
» m !i u 31 1 115)138
si it yyciH
•A K 0 li u *

5 li ! II 5 1) ike'c.'ci 200
2 8 cci 3 1 0

a ii s n
a 1) Ihl/c.'GI 220
3 li cci 320

8 A U 6 (mm) 1 . 0
S3 ■ OSOUJt Ii

?! & i a
(Ko>

2 0 II 1 000
8 0 1) 1 1 00

8 a < j i 70
* It It K STS480
d- 9188 (it-i 1 5

d - 9 ft ii
023*LW5OOmm

1.25Kw/1**12* 
v-1 SUS316LTP-S

% 3 AC200V,03-5OHz

T- 1 sail RC3/4 S25C-N — —

C-2 SCO 3/4B-schl60 STS4I0 •-- -
C- 1 SCO 3/4B-sch160 STS4I0 —

N-7 5)10 I/2B"schl60 S25C-N — —
N-6 SSZM l/2B-schl60 S25C-N — —
N-5 218 1B-s eh 160 SFVC2A UPI 25001b —
N-4 5)1 HUB 1 /2B-s eh160 S25C-N — —
N-3 5)lSU0 1 /2B-sch160 S25C-N — —
N-2 *HiO 1 '/2B-sch160 SFVC2A — —
N- 1 *Ao 1 '/2B-schl60 SFVC2A — —

n9 Z II OfUU 11 fi u IS 11 H
Us =5 > V

s s - s s
nm*- • ssuBiaoraitttUGPi 
JtflnisnmKRUiattHy^Ttoiajt 

H!sattH»Ha 
K%9>9 (002)

JCI Mo IOKC NO RCV

H6W0630 20-AD1 002 <o>
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(DEW

EE&EW<DEff-:l:#MEfM±S£TIEk:, #m&#2. 4. l-32^(c^1"0
• E If E * : 220kgf/cm2 

•ZEE*: 200kgf/cm2

■if SI: 260°C (M^>£$:bDti;320oC)

•llSg: 250°C (S5E^>^Sb D &310°C)

• : *,
•i5Tf S:1 1/2B^61/2B 

•EE##: STS370, S25C#

• # JH pna : EWh-^> SS5KW (T-f ^Dh-^ 1KWX 5)
@^E

EE&#OE#&#&#E#f-##&-FKK:, #m&#2. 4. l-33S(c^T»
• E lb E * : 220kgf/cm2 

•ZEE*: 200kgf/cm2

• E If M M : 260°C (S5E^>^$t) D tt320*C)

• Z E M m : 250%: (#m? 0 ̂ 310"C)

' : *,
■±Ef S:l 1/2B& & i/2B 

•EE##: SF490AES#
• m ft *• m : ^MRzt-mnm 

a. rnmottm*

a) Ef
EE*:EW(DE##fl=%^E#E#&TE(c. ##&#2. 4. 1-32#

• E fb E * : 5 kgf/cm2 

•ZEE*: 3 kgf/cm2 (#*^(±±#:E)

- E m- m m : 80°C
•ZESI: #m&6 50'C

• gi#:<D@E : 7k 
•EEtS: 1/2B 

•EE##: SGP

b)
EE*:^#<2)Elb^E%lXEIbf±#&TEf:, #m&#2.4. l-33#(c^T.
• E It E * : 5 kgf/cm2 

•ZEE*: 3 kgf/cm2

• E IHa m : 80°C 

•I6SI: M°C/^ 6 50t
• gf#:©@E : 7k 
•EE tS: 1/2B
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• ± I f i : FCDSSS#

ss*x^>^6ss**x<EB3i^ >x £
XMI-So
a)E#

±^*E#OE#^f(:%lXE#{-f±#&TE(:^T.
• E fh E * : 150kgf/cm2 
•ZEE*: lOOkgf/cm2
• m # m m : sor
•IlSi:
• 5fE#:©SE : SS*X
• IE # * m : 1/2B, 1/4B 
•iljl: STS370#^#

>x <Ds5±#%m L#m%imE#0#m&#m#k: j; o #

a)E#
BES*E«©Ett-^#RtXEti-ES&TIHfc, ##&#2. 4. l-32S^^r=
• E U- E * 
•ZEE*
• E tf- ^ E 
•IESS
• Se#:©SE
• 3: m m
• ^ m # #

0kgf/cm2
*mE
100*0
100‘C
MM. ##*x
1/2, 2B 
SGP

U, *

:±^
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m2.4.1-328

^ # 4B
ii^ms

(B)
E fS

) 9 %
m#

'fife

##8
warn

mj #
<D

@ m
- m #

mm E tl Em E%
V10 WEWMI FI%># G 1/2 2500 GS SF490A Sff JIS itjEzk 260 220 250 200 mm##
Vll D02;x'-fA°X# G 1 1/2 2500 GS SF490A SW J IS WEzK 260 220 250 200
V12 ETkUflik^i1 G 1/2 2500 GS SF490A Sff JIS itHMzK 260 220 250 200
V13 G 1/2 2500 GS SF490A SW JIS WEzK 260 220 250 200
V14 G 1/2 2500 GS SF490A Sff JIS ifl&Ezk 260 220 250 200
V15 ND 1/2 2500 GS SF490A Sff JIS N2, mm 320 220 310 200 ^®ja>FJW'J-
V16 G 1/2 2500 GS SF490A Sff JIS N2, mm 320 220 310 200
Y17 G 1/2 2500 GS SF490A SW JIS N2 50 150 wm 100
V18 D02Fl/># G 1/2 2500 GS SF490A SW JIS 320 220 310 200
V ND 1/2 2500 GS SF490A SW JIS i^M?K 320 220 310 200 vi5<zm#
V T’l'f# G 1/2 2500 ## GS SF490A SW JIS iliEzK 320 220 310 200
V20 LG-lim7C# G 3/4 2500 mwj GS SF490A SW JIS iSfEzK 320 220 310 200 DO 2
V21 LG-lfH£7C# G 3/4 2500 mm GS SF490A SW JIS N2, mm 320 220 310 200 DO 2
V22 PG-lff^TC# G 1/2 2500 mm GS SF490A SW JIS N2, mm 320 220 310 200 DO 2
V23 PS- G 1/2 2500 mm GS SF490A SW JIS N2, mm 320 220 310 200 DO 2
RV1 A’* 1 2500 — — SCPI12 RF JPI N2, mm 320 220 310 310 D02
V30 P01$8zklk&6# G 1/2 10K mm GS FCDS FL JIS 7k 50 5 WE 3
V31 poim*^ G 1/2 10K mm GS FCDS FL JIS 7k 50 5 WE 3
V32 jjnE4?>7^7K^- G 1/2 10K mm GS FCDS FL JIS 7k 50 5 WE 3
V G 1/2 10K mm GS FCDS FL JIS 7k 50 5 WE 3

ee ; i. imcmm
G:7*D-7* , GS:^'7>F7-;k ND:r-F;F

2. m®Mtt 200V, 50Hz,
3. Mm ["C] , EACkgf/cm2]



m 4.1-338 iSffli®Ett8fe&i0BB#-!!J£:

BS### @a # f3 m
Cm/sj

\\fu%
(B)

IWS
(Sch)

# r0L % #
mum# m #

E/j a# E/J
I1T-01 POl/ASDOl&TOE# 0. 30 1 1/2 160 STS370 * 5. 1 260 220 250 200
IIT-02 D01/a6P01£T©MSW 0. 30 1 1/2 160 STS370 7X 3. 9 260 220 250 200
HT-03 HT02^%^ GD02&T(DE# 0. 30 1 1/2 160 STS370 7k 1. 7 260 220 250 200
HT-04 DO2^GHTO2^#^lr0BS# 0. 30 1 1/2 160 STS370 7k 1. 8 260 220 250 200

— 1/2 160 STS370 7k 0. 3 260 220 250 200
HT-12 AHE^>yE7kE# — 1/2 160 STS370 7k 0. 2 260 220 250 200 VI 2/AS

EE#>yE*;a# ■— 1/2 160 STS370 7k 2. 3 50 220 $a 200 V12$T
HT-13 i@a%^>hE# — 1/2 160 STS370 7k 0. 2 260 220 250 200
HT-13 — 1/2 160 STS370 7k 0. 2 260 220 250 200
I1T-14 iimwggffin^ohEW — 1/2 160 STS370 7k 0. 4 260 220 250 200
HT-15 D02MSSSW — 1/2 160 STS370 mm2 0. 2 320 220 310 200
I1T-16 g8/fx#mE# — 1/2 160 STS370 N2 0. 5 320 220 310 200 VI 6/AS

— 1/2 160 STS370 N2 2. 9 50 150 %a 200 V16&T

I1T-17 ' — 1/4 160 STS370 N2 0. 5 50 150 #a 100 SUS#8%##

I1T-18 mBfMk># — 1/2 160 STS370 7k 0. 3 320 220 310 200
11T-20 — 3/4 160 STS370 7k - 320 220 310 200 '
I1T-21 — 3/4 160 STS370 #MN2 — 320 220 310 200
HT-22 mmmm — 1/2 160 STS370 a%MN2 0. 2 320 220 310 200
HT-23 E#x<yfamE# — 1/2 160 STS370 mm2 0. 2 320 220 310 200
HT-14 2 — SGP mm ii. 1 100 0 %a ±ME
HT-15 1 — SGP a 9. 4 100 0 « ±ME

LT-30 m*E# • 1/2 — SGP 7k 9. 7 80 5 70 3 7k—x#
LT-31 POlBkEW 1/2 — SGP 7k 5. 3 80 5 70 3
LT-32 mE#>ym*Bs# 1/2 — SGP 7k 2. 9 80 5 70 0
LT-33 iRm@##K*8S# i/2 — SGP 7k 8. 0 80 5 70 0

EE : 1. HT%&%(D##maSW,
2. S\mU7?>'J, scp#^#&mws.
3.
4. f!f£ ["C] , E/J[kgf/cm2]



wrmmmm

y>s #>y\ (d&wjs ^±^mmrn^iz^vnz>z.ttr^o

• ff- M $b B : 0 ~350°C

• n- m m m: ns m

b) ®EW§sADM

• H- I i i : 0 ~350‘C

• it- m m ta : ns a Wl
• wrmvmm-.ummKst

c) #9Bf E&X<
- yfp (±k)
• fHIf&B : 0 ~250kgf/cm2 { 0 ~25MPa}
• : rax/\°>©±i. o%
• : fPMXA>©±3. 0%
•#IS:»<*>#

d) S5E^>^E*y-'^
• : 7> H >#^E*m-

• H* SJ ^ E : 0 —500kgf/cm2 { 0 ~50MPa}
• n- m ^ s : jis 0.5m
• # m p°o :

• : i8Emma*@m-

• # #J # E : wm# 0 -840# (12^-h)
• # rn a :

• #mg§<D@m:
• lh M $b E : 0.12-1.2m Vh
• E 5t ¥S S : MXA>cd±10%
• # m a : V S y h X < y 5F (TIB##) 

g)###
» # it : § 3mSIM
• X-f yf : Et=k-7> V-15%#^

• §E tf : EE7 >7fSlE> EES#§An^g

s\-'mummt, i!ffiiSJEK»gg£$£f BE*.
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(3. 3)
#>7\ E#, #m#t-E&,

^Eo/jxs®Ei^SE@(c#E-r5<9T\
&7h, *E@B, SSES¥#EBS7tti-k>-9- • I^^MU 

M®E&^#-e@E$n5©7\ esrot

8&;SEgmE@0m#:&#m##m&m2.4. i-217E£^t0

##. ^>7°, E#, mm.wrmghmm&Mte&xT.mmi'EV, veb

©se'>-;h£> &m^mmT^>t^iz, ^-##^©EA##§&mm 
LTV^„

b. %#T©E»±T, E#=C##©#f#
#, E1=B©3eEW> %%mf#TSCt(cj:D, &M 

©[rJ±£«^3o L, EB^tet-IfS 2 m>
1. 4m, iSS|9l. SmTSSo &&> EB^#«, gEE©/M?ifES£l£Eg©^£‘£#;H' 
$7ttiiS^S5ST-a^.ST^> =

c.
am=, mE©Eg^e%^E#©-@; 

'&\z, mmmx, E^ALTSKtRu'EWisae^^s^ti-Exssff^vv #E#m#

Bf^©mE#fMr3EL, mE#m&mmu7h.

(3. 4) Sf^R^ie?!
*E@5, %mEm##E@^4%#L, aaBE&&#!r#maa5&&%mE@##

m©#m#f##©mE#©##, le,

#^^EKmEm©mE#m^m2.4. i-2i8®c^-r0

a.
mE#©###^aLT. %mE@##:Ee©m^&T. #E##§^©E#,

<. %mE@##=E@©m^&T

%mEm##E#^, fl-S<M4. OmnK £6m,500mm^^T’S^ = 
®6iJSEB^#:EgS7t«-fe>t)- • th7SE^-STT> i^E^SUT.

7.
©E^-ST^^T V7t$iEE-B¥#:EeSZctt-b>-y- • it^SEESiff t^EWT^>c
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b.

mm, #m#E, /es;ie>
<. mm

^StfxfinE^TilETss^tiu 1031^ >7 \zffifc<D^m$x.&lfeMl-tz>0

&fr7.
n. #e>

• Bmfyzjkztmmvm^t-tnzmmh, #Ef%.
• 1%1e.<DU&, J±ti\z3mL fete bit, ilh-^^t>-t7biit§.

- - ifyosmamTL&ca&mggfa.
A. I$&, I^ERtX^ih

/u^^t^tFicL, mm?>2®^, mm&tf?,

• ^>7°3.-y HSinE^#TSEL, BtKAD^MRlU
-m*>7©e*m

E^P&mCL, MET5»
• 5SEi¥ih1E> StKT5 =

4. l-219Efc^ro

(3. 5)

m, mt, i#R^m^ss^7bfc,
#g(D##a=&Hm0'"&&#%, ?m.^220‘C, E*200kgf/cm2TS^AEK^tre5 £ £/5* 

Pjm-F&z* BEW^gttx A#3, A##2, 500mm<Dt>+h
• 1t:/£MT3 zttfnJm-TrfrZo

###*#, Bm?>?, ismmm# - #m, mm

TW&.
MViE9!£"S-irEffh ^Me^OES^giJMSSiiT^S.
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2. 4. 2
(l) mmffifiry'nsfyA
(1. 1) rn- Kft©{i3tM±

(1. 2)

^77 by 7°E<DEWS/d> B/hE/- FE7-^Xf-ya
6:^3 0 T&%.

SE/f : - nynz (^EM^TEfiJ) „
• ##37ftT#2,.

• #E?&%B%:^.
@Bf : • l%|CUNIX-e^OS^gf m-5 6 V7 h SSfcjg B &H.

• ^77/ y Zxmy^y'yV&mfcZtcibBSM V7 
B&lX

• *- he^isi^.
n>A7 hS^0S^ifcV7 

B AWo

##4"7 -5 z&||/^& -2) o
/M/-M7-^Xf-ya >©/\- H 7 xTttSS^^E^: it 6iLTS2. 4. 2-1*

\Z.7F'fo

2. 4. 2-1* /JxE/- M7-^XT-ya >©'A— H7x7tirS

##

an$ tt #

/JxE7- HEEWS f 30 h 77° (E*)EEWS

1 EWS4800/110NII (NEC) HP730 CRX

2 CPU R4700 (120MHz) PA-RISC(80MHz)

3 y t V 32~64MB 32MB

4 **A° -7*-7>X 153MIPS 76MIPS

5 1^7 7 h UX/4800 HP-UX

6 SCSI HP IB

7 m # 3. 8kg 50kg

(2) < >7-7x<X7°D77A
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3S yXjAOl

3.1 069

V > -mzXmtD'sX^&tfgrK % -y— HX#i±^E § f 5 '>X ^ A T & 5 i£>,

— 7°y\z1s.'0

6#6tlS5i-^&^fc£tT©^S>'XT-A*Bifg'rs.

(1)

(2) ifr#Wm JgyXfA

3. 2
3. 2. 1 SmWSMvX-rA
(1) %##t® "

3pG% 6 ###@i • ^s/x^A&ao-a&mm©##

L, T“^r3-H«yD^7AOX5aI/-^$a©Titllfcif, ^-7©%C&
^ c^&mmuTh.

(2)

7ficKLfet'^
lt©43 V^T> i$i»liffil©fi^c&5 £ Tea

%ya^9A&^#L7h. it, z<Dmmmmzm-3<mmm%&%:
#sltc0

l£#©Mx-7£Jl^T, m%L^ya^7AT#%#(:3^T##L, BM*BE

3. 2. 2 $i#if«JiyXTA 
(1) Mity^TA
BTfcOSi^^eStiti^SJ;? £7"n7*7A£&&Lfc= £ ©7°n 7*7

7h&6, 3&7j<®'NcM£ftfc$iLi^Sl::7>v>Tti:^L, 7°o7*7 AO^HtM^/^iSjAUT
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<k DMS/^IS < & D , m%f±, 5 £ t ^fij o tco

(2) EfiStiryXyA 

yXTAO^E^EIf'&S b&fco

3. 3 #aE<os®PH5Sfha
3 . 3 . 1 S H
(1) X 5^ A

¥^9^g$T-£E%LfcyX^A©SM©[Rl±> R&m&'Vfflfe2WtT-9 (# 
s> Hy hits, bfrzm)' %m.y&t$rc®(Di'7,f-&<D&&%:mM't%o

(2) X %A

2&m##f ISA 0Zz&<Z)yX^A(Z)%m
EASS'>X^ACDS^ES-SSSr5>,

(3)

«¥«r5'XxA©^-&S&fPK»^HJSt‘S.

3. 3. 2 #@©m#
##S/X^AA#:0##&m3. 3. 2-m^^L/Tc.
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V>7*

XVL'ffi®

*T—>01/ hJl/^7

C

'>*TA

z/XtA

z/7<tA

rami'

5/XtA

->X^A

CHfjuii

E*8Mff
'>7tA

5^Xt~A

MWDf-^Ifv

(28:5c. 3 85c.
?-5ry hiOtiSME)

\X®9JmiOy,'5>->^

(235c. 3 35c. ■^—'fv 
h • H?5i/L#iroeSH®

sra^its
(aiEA^A • iSS • SftSfiS 

OSjR)___________

' Mosse/^ *-t? owiK

mwi~
S@SSS®}iS (SS0SS 
skiic. fefc<t^®ifessai£ 
SHBiBfcS)
SiE*«giB»®8tfiSS?iS 
(MWD-t>DHM$B"Ft"56il 
. t/USOSSSiiSU. $6iS 

wIcRSitffiafcS)

@7ky->o##
DS*®Br
D2*e
D3*B ®2*tiS® 
(Sffl'fC. S*@Br®S@S 

SO. S*ti$6:BtXC. & 
m - 35c V- >® 2**SF®6 
sdc&a<ffl$5)

8 sga-ccGmsT (?m 9 
otcibom:mm&frv)

s^sst

13.3.2-10 @HryXfA©ii
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(1)

a. 5tSlt@ • 2Itr>'Xt-A 
<. yXfA®3:i

• v Mr©S:S^@7;i/rfUXASil

Jnf 5.
• m±WrW£Wm thTRlFW y >

71—7x — XcDm^Sfr^o

-msmmammg# (wd-d h

n 7*7-7 £M LT, #f#0#mE&fT3.

b. ##?#$/%

<. yXrAOW
• FI^L&^n^yA^yXfAtia^^, y^fAC&S^ff5.

n.

cj:oTES©^ESfT5= #tc, ^ntxEf

• (WD-l) H

(2) %#we^:#^x7A
a. SSStff'>X7A
-f. S/XTA0%&

• ^%Lfc7°nX7A£'>X'7At;:mM2K S/X7AO%A&fr-5.
o. #^0#E
-(wd-d n^^x®ii$tii)^oi#MWDiB!n?7 1^
n^r-^MLX,

b. EMIfyXfA ..

•5, ms.3.tf
lt&iWt?, tifo^-xtbxn, fc

- #m#^XDX7A&#mt^. *x
n^7A(i, $>(7)T, zk^^^ST,
EtK (%#%#:) «k5 K:La::b(%)T&5. AMtLTlt m;k##
tlX, E*jtSZE#B-EXn{SeX*U> ilOittt IX, k h (EM • MM) 
6:0 ch
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Pin, q in

q out

rMM

D 1 :

D : 
f

Ke : #%3y?'(Kg-cP/Pa )

Pe :

PI : B*'/- y<DT-^7-g$ES 
H : M (cP )

A p 3 : 7-@50#M!%EA%T
r : gg*E3iD

3.3.2-20
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(3)
cwd-i#)

DyXf A - MD^S/X7^Al:S^##7'-^^#*yX-f ACA^LT,
mT0^x^AT&%.

•%###•iiyxfa

• Sifi'/XrA

• iSM#T'>X5rA

3. 3. 3 mmxm
^SoM^XxAOE^M^SS. 3.3-lS^^T,

3. 3. 3-m ¥J& 8 ¥S SF#T'>X^A<DEM

ft #

9 ^
4 5 6 7 8 9 10 11 12 1 2 3

I. WfI5i'>7fA
(!)%### • iivXfA

a. '>X^A©5$c&

(2)fi»fiy7fA.

a. y%^A0%m

II. A
(MMS^X-tA

a. yXfAOW

(2)E*SSf'>X7LA

f±; E '>. &%.K T^X h % & St %

tt- E 5/.*7=--&(Di&& t7 h % m St »

ft: E *7=*- K 7-X h % & St *6

**RW-
lllll 1

st»
1
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SIS °c.ti$W^OX-T^-4:< >9rirffl2lS#a)

a.#m x^#4

B3lg0#4 (Z %)

°4.^4 &h. — *C S X I M54I13 ZMM^Fig

Xz1 SfS34 ^'X.--£4SX IM14?4 ^-f:/:^-T/:-/?<>TOlY^^ 
* n 4 '#ffiaML4 * X. --£ £ ©
#3SVEP 'SIT 'IIOSV vWG)-3r ° § c- ^ ? 4 * A — 4= L. 4 >-fk£ ft & 4 ^ X.
— -££0:2 x >-#^4 ^ A.—4: Z: (uon^ljiosds I3JSUBI1 UOIIBBIJOJUI 3 1 I S I l 9A)

s x i i?i:iK$s?an? 4 6X.--E/:%#
afi^5i:!ii-rfsi xzl=feY32SBCiT4

x-t £-4< >6f4—Y.4 a 4 4 X (2 • T • I )

(S#@z-I 4 -gs '0I-IV8D °^vtl?5

T03W# (I • I ' T ) 
W%0Yi^ Y<= ( T ’ I )

- m##% ( T )
YzGY/<#^m##% I ‘ ^ ‘8





MWD
MWDWELSW30 VERTICAL SECTION 

0 100-100

20.00 - 30.00
5" 100.00 -'100.00 INDEX

WEST <-> EAST 

0 50 100 Entrance Position (m) 
E-W (E+)
S-N (S+)

DEPTH

-100250-
300.00 - 300.00

400.00 - "400.00 ' '

I 1 t t 1 I I I I I I 1111I I I 1. .1. ■■ l„. I.

Target Position (m) 
E-W (E+)

S-N (S+)

DEPTH
750-

-50- Distance to Target (m)

2201.4
1000- 800.00 -' 1000.00

'87.08

-100
Direction to Vertical (deg)

1250-

-150-

1500-
-200-

1750- -250

HDR1

<- L/C:2000-
VAL(l/min)-WD(n) 

# FRACTURE
CROSS POUT '

'—/ FRACTURE
9.S2 - 2158.80

2250

S3. 4. 1-1H
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S3. 4. 1-1# H □ —E

SSitTU tfl/flaytV* W- mmm
EXLOGtt ADAMS PC

jotarj; %rque • ! 
jjfP ^es. ;
iagnelniiter^iPS)

ynamic Axial Strain ynamic Axial Accel, ynamic Torsional ynamic Lateral. . ynamic„Tangential :atic Torsional tatic Axial ||ernal Pressure

: Sjolor Screen
: liar8rDisic r

. F1
DHD^i ARIS-D Workstation & • irs Stresslr;. , 4Directional

engineering Calc. CeBortingDatabase

•MTS

Geoservicesa ALS2 Workstation 1
0CO

If
p\Hta8ht ;t

|fLlre :1 teiMotus
amma-Ray. esistivity ejding Stress

i
te*Calc- W

WELL LOGGINGa RIGWATCH Workstation jM!ieht 
fe tie
rnp Pres, 
filling Status

• prD?srrer
Kg:

* ■ IE.
MSB
Btus

SWACO GEOLOGKAPIia SG-SMART PC jPII „
'as?ngri?fes§|raBlic Rotary Torque 
pokload

7fm •r

PETRONa 11 PC

•

Copi
8
0

tary rpm pe.press i^us press • ,

S 12.18“ty :
tary Torque •

imp ^stroke4 fl§; ?s‘
| Iht.iiit
88 limp: out m

• Mfllw?fete Kisrer
T'W



(2)

Lfc. ^E> m^fzy*-?

ft j:D#BJL7hwD- i b# T&s. wd-
lb#ft 2, 300m#3fi-eiM H byy 3, 000m#Mf-df y HCfml^T#

^0T-^l:f^T, &WD- 1
&7h, WD- 1 ofec

%#?#>/X^ATWx 13. 4. l-3iflit 2 7”OiIiJ® (DHM^fffll
fc|pil&^|p) T"CDH*S^:ff o 7h =

S3. 4. 1-40 WD- l#T0##O#m&^L7h. 
szh> S3.4.

flfaM!] V*-JVZ:-9 - )

if v vmm. tf y h 1C

Snt) 5 A 
<OJifa

t* y

If y H O-M#. USE! CDgg-##.

i3.4.1-30
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>3.4. 1-4® WD- 1
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is.4.1-2%

^ z& -m.

(Dxj'k* 7-ff-1WE 
- %7k° ?#'
• k'7l^6<?)fti
• $tMt(D? t?7
• liyfVsfy’ k-1

. ©V/Ml7°##
• itA/ES • t'71/^6 ©{if

• #@%h7<7
• -f 77° 

©k' 7l#v^@

• 77' 7-T-f77‘y-Jl7x-fX
• 7'7k’ T-rM7i-fX

ft ^£±5^7^ g

- 2E# • ME ft • k' 7h7*-7 • k' 7t##A

• mm • JEEEft • t ^ > h • X7k' 7<r

• ^ft • SEEft • H V • %7k' 7-ff -1
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(2. 1) WD- 1 alfOk'y h • mmommSiWrW-
WD - 1 My h >A'-y 3 >CJ; D

£>fc0 H-SfcfflV^ci6P©^|B]M,#tiS3. 4. l-3#©£:£ 9T85, S3. 4. l-5Efc

k> hillOI^ftOTyn^Sbf;. S3. 4. l-50^^lf R#^WD - 1 a ME 
mvmm y F uzh.

7T^ I##38S&S(D#3eT&5.
A:$3, >-fy fm±©H!IM t MXM

£>ti3fc©T'&D, k> 55±&gm##&miL&#ecSMt::#8S

iktc, h'7h®i^^, #±
tot, c«k9,

Lfec
S3. 4. 1-4#, &IXS3. 4. l-S#!:#^#^## - If*; h^-r c

;3. 4. 1-33 wd- i a#©%m©mtPi • mm
ffi 1 « %£M (m) ^£[rJM#

SEii^Ji (TSO

JfeSEI

1, 290-2. 245
2. 245-2, 660
2. 660-2, 860
2, 860—

N-S 50" W
N40" E 30° W
E-W 60° N

S3. 4. 1-4# My F©m^#6m@ • tfv h 7°£ ©24#

rnrn(m) m@ • t" 7^0° £©24#

2, 295 © 4yA'-;°3yir

VyWgH&Kfc&ZtltzkOD t%X-t>tlZ>o

2, 310 © Jyi\~-ravK£ZBW1)<
t>© £Sx. Sii5 =

2, 550 o t'7h3cm^^#i£T'lf lHttS =

2, 645 o 4yA°-y'3y{z
h'7h©S^6KSifc$tL/c |>© <bS-x. 5>tL5 =

2, 690 o 37'Jyr0^#^Sifc$tLT^S <t#X. ^tl§o

2,725 © ####;= asivn'-rsvK

b"iWM1j&KK®iZtifc$>(D £%x.£>tiZo
2, 810 o h'7h%m^S#i5T'15 MtSo
2, 850 © 37yyr©ss^si*§nTi'5 <t#x. £>*i30

2, 940 © 37vyr©ss^SB*§nTt,^ £Sx b*L5 =

%0 : ^
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3.4. i-s# Mmomjj&tmm • \?y ?tmnt

asrn(m) &#### ifeJl • h"7hH70 i©^fih;
2, 560 O
2, 595 O ®l0l^©ii^fx^2o
2,600 0
2, 620 o ##©#^©^#^#^65.
2, 780 © < mmL-cua#, cctost

©MB(±%
2, 807 o *ASl©^^(5feSHSfi)(b^^LT^50
2, 840 © t©####©###

^5£t,'%0 <t#;L t»n-5c

£*!<£ D> ^IWfelftbXtiKToa
ji/^SBnfco
®3 7'J h©SM< >5?y X X^itgtM:*:# < ^ifrUTV^,, C:

nB3 7'J>^©fi^T ( MJ n >H>.y hT©MglO tXioT^§fcJ5 £#*. £>*l

®m@©##@mram#©m^#< y x x^ests mirj tx&£>#?> Meny hd

>x>y 2 X%mWj-t&m£b&Z>o Z.mt'i yn—'J 3 >lc h©
>xy XXSXrRi&^ftfcfe©^#;^*!.^

®imcx<y©Hv h&#mu7h#e, h> h©m^#<>T'^x©ini[ii®^ 
AV^v MT|W|DX<7'©Hy h&#mLT^SEMlC3^Ttii£gt69^)tITI^I 
iSHC&a.

(2. 2) WD - 1
WD - 1 a#Xr^^U7t Hy h 2=mm©m^#< >T7^X^«^ T, WD - lb#©

ms.4. msihodhmiij

#©^> M77©AmWx 1.25' > 1. 75° , 2° © 3 1. 75°

~2° (Dffl7:\ £ 0 ff@»£j£Tn>T^S0
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3
.6:

LULL

TTTT
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ULL ■l-LLI.

TTTT

■LULL

TTTT
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TTTT
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TTT
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nun6t
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 ifeg&
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I
COCT>
cn

MWD -i’^rr
mwdwelW

©Si-StaB): (TO-lb)
©V>H7' (1.25*)
©V >H7’ (1.75*) S^VMfcyclSBi- 
©V >W (2*)

NW20 VERTICAL SECTION 
50 100 150 FIELD

111 I I

INDEX

Entrance Position (m) 
E-W (E+)
S-N (S+)

DEPTH

WEST <-> EAST 

-150 -100
629.0

i i i i i I i i i i i i i i i I i i i i i' i i i i I i i i i l i i i i i i i,i i
2478.00.566.00

Target Position (m) 
E-W (E+)
S-N (S+)

DEPTH

•999.5

2810.7

Distance to Target (m)
898.5

6 -125

Direction to Vertical (deg) 
160

fc -175

WD—1 a

WD1B

VAL(l/min)-MD| n) 
• FRACTURE ~ 

CROSS P0II T
Z7 FRACTURE

WD1INV.OUT

S3.4. i-6@ wd - i





(2. 3) WD- 1

If-Sti (2. 1) b
"f -y7°X h >y X©:£|r]S, SSHSCS-d'SKO P ©^fSjfcSlE&iinx^lvf U7c» C

(iltf^) T##
Ltco ms. 4. 1-G^^WD- 1 S3. 4. 1-7@£WD- 1 b ^OMSEi: ©

( 0 -3, 800m) , S3. 4. l-SECMSEkOtPSItt^m (2,000-3,800 
m) > S3. 4. l-9EIfc 3 ( 0 -3, 800m)

S3. 4. 1-6SE WD- 1

t'yh 9^ WD -1 a#j;
y 7’X h 307° (ttJ; DBtff-HD)

8gm (m) r )
(2, 220. 00-2, 346. 00m) 2, 220. 00—2, 242. 70m 1. 30°

2, 242. 70-2, 245. 00m 0. 80°
2, 245. 00-2, 287. 00m 0. 85°
2, 287. 00-2, 346. 00m 1. 30°

D-^ asm (m) a as**
(2, 206. 00 — 2, 220. 00m) 2. 206. 00—2, 220. 00m MSJ&BHA
(2, 346. 00-2, 963. 00m) 2, 346. 00-2, 963. 00m

mfrtLTWrW
1 : S3. 4. 1-2SWD - 1 a#©M©;6|Rj • M#, S^S3.4. l-51t'y hi

##©###< >^'7 ^x#bs„
^ 2 : 8'1/2-Bit, 8-1/2-Stab, 6-l/2-DC£Effl =
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1

i

SE8° VERTICAL SECTION NW8°
*102 0 100 200 300

mi iliiiiiiiiilimiiinlii

.1.0QQ..00 _-.20BS.QR

•1166.00 - 2137.00

9.62 ■—2193.50

f 566.00' - 2478:00:

WEST <-> EAST
-250 -200 -150 -100 -50

j I i L

-100-

-200-

-250-

MWD
MWDWEL

FIELD "

INDEX

Entrance Position (m)

E-W (E+) -897.5
S-N (S+) ' 629.0

DEPTH 0.0

Target Position (m)

E-W (E+) -999.5

S-N (S+) 475.3

DEPTH 2810.7

Distance to Target (m)

898.5

Direction to Vertical (deg) 

-80

(MF(PD-la)RB JL CASING:
00(lnch)-MD(m]

L/C: 
VAL(l/rain)-WD(jn)

o
FRACTURE 

CROSS POIfjT

FRACTURE

S3. 4. \-m W D - 1 b t (D ItS JtMS: ( 0-3, 800m)





I
CO

SE80 VERTICAL SECTION NW8°

0 500 1000
! I I I I I I I I I I

i"3Qmo0-s-20mado'"

600.0018.62"

1500 13.38 - 1500.00
925.00 — 1589.00 ■

F 500.00 - 1900.00. . 
•f 833.00 - 1985.00- •Q 2000

2193.50
2250

566.00 - 2478.002500

3000

WEST <-> EAST
-250 -200 -150 -100 -50 0 50

i i i i l i i i i l i i i i l i i i ii I i i i i

-50-

-100-

5 -150-

-200-

-250-

MWD
MWDWEL

FELD ‘

INDEX

Entrance Position (m) 

E-W (E+) -897.5

S-N (S+) 629.0

DEPTH 0.0

Target Position (m)

E-W (E+) -999.5

S-N (S+) 475.3

DEPTH 2810.7

Distance to Target (m)

898.5

Direction to Vertical (deg) 

-80

mmeLwm

@WD-lb|IS

± CASING:

OD(inch)40(m]

4— L/C:
VAl(l/mln)4ffl(jn)

# FRACTURE
CROSS POIlfT.

1— J FRACTURE

3.4.1-80 WD- 1 : 2, 000-3, OOOm)





CO-<
CO

JL CASING:
OD0nch)-MD(m)
L/C:
VAl(l/mln)-MO(m) 

• FRACTURE

___ _ CROSS POINT
L__ / FRACTURE '

MWD
Well3D

FIELD

INDEX

©X#F(ffD-la)B
mmMLmmr
©ffD-lblE

S3. 4. 1-9® WD - 1 b # (D ®i pji] It S It E IS S ( 3





MWD##4=f-f

\ t

MWDUSfxy£

\ f

asm#

\

i4r-^

'

\ '
MWD'lfi

;* — 9 IEtk

V V.

msjmm

^z

%!#?###
A

S3. 4. 1-lOEl

(2. 4)
S3.4.i-7ScM^i4^#SLfcs-e- (mamtfjw (#mt

5s;i/) emit, lift) cc-r5#%#wD-
1 b#2:<D%###&fTO&. £*U;D, DHMffflEfpl (if IrISHSI)

CN-S^IrIT 3 mam, E-W^IpIT 5

5, C >7^7 < ,

sfe, o-^u-mME^T,
TtT&D, Sgi9±fe^gT’S^ 2. 963miC^^TS5i#iit®bTN-ST'63. 35m, E-WT 

19.63m<9M/^£DTl^0 il y
3 >T<DB HAte^TMEj&TltSUTSThib, ® -5 S f£—!l0jSffiTfni»4

1;&M[r]£#x. 6tl«. — #, < >7^y ^%&ao#L7h#^et7";i/Ta#mN-ST14. 98
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m, E-re 7. 22m©£ffi«££T^‘5 % <D <D tt&mmtri#-1 BS-flTU§il6lWI 6 

*l&.
H >rynOTD- 1 a#©&ST5M©g#£H >f y

^xtg^iCTgofcetia^feotibn^o tot, (%A)

-e#§ z.

is. 4.1-7^ mnmMitm-m

mm (m) M2?r£ smtsui'is-ntf Jl- (m) -M6tf Jl (m)
N-s©mmm" E-w©mm#"= N-S©M# E-w©mi#m

2. 220. 00 DHMM -0. 83 4. 18 -0. 82 4. 13

2. 240. 00 DHMEffl -0. 57 4. 09 -0. 94 3. 63

2. 245. 00 DHMEffl -0. 50 4. 19 -1. 03 3. 58

2. 270. 00 DHMEffi 0. 92 4. 33 -2. 10 2. 38

2. 362. 00 6. 43 1. 17 3. 64 4. 87
2. 450. 00 o - 7') - ®, Pi1! 12. 83 • -2. 35 10. 32 7. 22
2. 528. 00 D-^'J-fiSPjil 20. 26 -2. 70 9. 96 7. 27
2. 648. 00 O-^'J-ffi Pj'J 31. 90 -4. 20 8. 58 6. 08

2. 793. 00 D-^'J-Siil'J 47. 28 -8. 12 9. 04 2. 49

2. 875. 00 55. 14 -12. 64 10. 67 -0. 58

2. 963. 00 o-^'J-SiPM 63. 35 -19. 63 14. 98 -3. 25

*1:7" mti\L-j5^\^<D^n, 'Umtfti'Jjfil'^V-ftlZTsi-iFo 

*2:7" 7XtelU;tn"]^<DTtlx 7-ft7ilBg^J[B]yx©Ttl^:5KT =

(3)

ti-5o z:ii6ttWS65fc^-B-snT4$0 ,
•

• SiS^MsItk

^IrI —

C^lC «kD, DTft< , tj-BtaSl^OJtt^^E©
%#?#6:©jt%t RT#M6:6S.

7"a^9A©#^ea^-^AA©mm<b&^i/X
©%&&eoTVX. #^©#&&BmL, iaUNIX±T'lUT^5yn^7
AOPC^Oii^fT^TOKfgT^So
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3. 4. 2

(1) ja«)SS*>7fA
(i.i) sm
¥^7^UtiIl^Lfc£MyXfAMWDTemp 2 (MMTkZ&S l: 4: a 

>A->a>i:4:am#)&m(Dm^#m&%AL, m%

(1. 2) £I®lfyXfA0l^
f|6^ISttnibfcMWDTemp 1 1£, Ml)->7N 

fcGEOTEMP 2 (Mondy and Duda, 1984) &<-Xt:LT, MWIMMS: BMfrfr *>&f
-f >/t->a xa ma • uni

ffi. 7k jg. m s % l ¥ m m g * # se> a : t £ ^J fg i:1 fc & © T- % § c 
geotemp2h

T^^BoMswesiSLT, mm^-tz^Lw&moynmosiR^#sasi!
0ilSg0if[I^^Tfft§yD^7AtS§ (S3. 4. 2-1E) ,

l^u m#m?m^o*mi:4:ame%opTm#t)

lt> i&mzffim<DMMzi$®?zt%z.znz>o -ecT, (s
3.4.2-20) (S3. 4. 2-30) c^wT%mmm^#^'r#a4:3 c, w-
jS7^SfcHK3fe^SfT-3fc (MWDT emp 2) . IllW8fI(J, MWDTemp
i >x-ya >&j=a%mmmc0RA@imzk&m&sm@3p#M&#a
a7)1/3"U Ml:, B^ia4:3
Id, (#(dJj%m^#) &#mfbL7h. ^©B5:ST-iiSa$nfc-9-7")n-7>

<D-wzttmtLT%m'M®\z.7jiLfco
£&, ^©'>XTA^Sffl{b$nfcS-6-©fiJ^<hLTti^OJ:3(d#xBiia, 

gcmLTm*@i:m@L^mmm7#(Dm#&g#mii, f-y? 
tbx+»&iaST?*a^S3&^¥iJ5tLT, ®ojJb^idra^£3^^fiJE7a±-e^s 
ciiT^a. -^.m\z'M2-o(D^mffim
^ stiffs.
<DiBg0&K0 (mNmTA'6, 8 . 16, 32, 48, 96, 120#^#(D^m#@7-^&m
#L, *-±-mi:4: 0 , ?&Smm©iSJirSS£B5t-ra:5i£)

ZZ^lBO^ma, S»yXfAMWDTemp2 (MP#?M7k&gl:4:ai&Ji^g
m^m) ^y^fAta, mmwvmfcumzMt (xm*, #m*)

Tiai/EL&^B, >1:4:0

fc^*Tv^<. Sot, #;m7 2:ime[:#m^ma^%, #o±6#^&Ti:#tau
-fac2:^T#a (S3.4.2-im) 0 7^^-s, %*#i:m@UT%-e 

Mi:mome^sA^&#j^Ta&T<DU 
£BErta:£^eJjEi:&a0
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v n' k

7n-«f
i aa □

KTDTEHP] 5 * 7=71/)

x: tsHi'izfEylcffla 
»: Stffiffiffi
□ ; sms & mam*##) 
o; gmejB (filffiE)

aa -> EH02E7K 70-21-
Jr ffiffi □

MfDTEMP2 (i&7kt%Rm*:m$a;ei,/:e7:7i,)

i$S7XEEtirfa
(7Jt)77)ft-T©)S7kil)

L/CV-yl-CffliSTKfl
ql

>-7*iS;7jc£lq2(i«i*<% 
vAftotil-S-to&L/cr-y® 
J&TfcJiUiWS <£!,•>

X : 0®827KiUto 
»:Kffiai
□ : SmtSl (Ea^SEyXfflffi) 
o: Em**

S3. 4. 2-30 3fc;jc5g£P#©#il*3ia£i|-35fc«fcoT^S*lS‘
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3.4.2-ise u ifwmmm

u

"MWDTEMP2" (JSgijNfE*MS«k 5flfeSSS«IJtS)

5 0
0. 5~ 1 0

0 0

(1. 3) SISIfyXfACii
Sgiffi'>XfAMWDTemp2$, Mf©AETkj&S • SEtHE

«TiI, SlftfyXfAMWD T e mp 2 T’ffl 6 tLT JH
Yka.

a.
IEi¥©$i#WIy5a.U-^GEOTEMP2 (Mondy and Duda, 1984) £E;£69&

sfs@'>5^.L/-^ktcioTifgitoti^tTMbfc.

CD *^45V^Ttt5t#<kIrgjac9F5T'Hfi(Ds!tn^EC: 055. %#F%CDg!ttT.CDt^;i/4k^ 

/BV> *>nfziEMtT)l3'J XAfi (Finsterle, 1996) £f2i££ tlTSS D * ^ ^XrtiSr®

^{0(5«p« + sgps)]=W-Fw+<iw c i)

"[t1 - 4>)prCrT+<p(sppfUf + SgpgZ7g)] = V.Fff + qH ( 2 )

<b /Mt -5 „

C CT\

^-ft—(VP«-P(«)+P8^-(VPS-PS?) (3)

Pi Pg

P« =-H,^L(VP,-p,g)+H„ps^.(vPs-p8g)+A7’ (4)

Pi Pg

c
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g
w
H
0
s
P
Q

7k
#&

mm,
V — 7,9 — h

k
kr
P
P
g

T
A

##
EA
mttmm

&%mit#L#lZftLTttW£UsEL, 5: (1) ^6 (4) tti

»ft3o
T©$n<

( r, z) fc&HT

^'wellbore (^ ^well) ^reservoir 0* ^well)

( 5 )

Qwell = -4reservoir

6&5.
(6)

2whw “ r(z) ( ? )

T&s. )
PI n It I a l\$. r/nJtZa/tblMnilU/fcl^ykHEAT’ilD&o

b.
^ (1) ^6 (4) (IFDM) (Narasimhan and Witherspoon (1976) ,

Pruess (1991) ) 5, IFDMkW#6T3 ##&##&©## (X

1/^ > h) &c:6&S%a&a. feb, %#=©##
tl^OXl/^ > h AT—£1K)e1:€3o -?"5 t5i, &3xb^>h ( /tt5)
(:j3HTma##oa (D

_f+A/
/2/-1 -'

Az
-42^ 7f+ir 6T^=o

sides
(8)

-381



x U*>b mWZWityZfcmy 5y?XlZ ¥)l v-S fc: J; ^ x. 6
ii-g> =

kk■nt-itu * ^r(
Pf. *

Pn

(pf.i ~ ptj
D

.k’k,
-P(gij\-Ps- rg

P*

EuLl

D PgSij (9)

ZZ.H-PitmtJLl'ty h iS (9) fc

* + A?fc&HTSiJtSftS. m3LU*>hit

tcEf 5)EBttWhite (1995) ^4xBnrj3 D > .
IFDMti, H > h®fi:it

%Rg 0 tiSlSC—^toTS-g) ^ tiV^x.> il/^> 
t£ © t> <9 T" $> -g>» C^l6dxl/y>hd^< 0 ,

(8) ti&dtk 5 \zfc%0

Ai-l = '^'wellbore ~ Ti ( 1 0)

Z.ZLT?Twei,bor. ^TO'/Silz-ya y)V-y-^ >lz <£o TWcW-£tlS.
£ (2) »5fc (1) H0il'^>l'J:^t!lSnfcjffSBtB

&< 4.2-2#
tb Tf. L fc O

3.4.2-2#

M #
p 1 mfcmm
<0 *
S E#:^fn
V, ^'^dF^loBX^.ll/^r —
U,
T ^JiLBz.
P E*

fctAfcJErt • B<fg5E

ST&a. CCTaPruess (1991) (:%vx J£fflfHgC£lr>Ttt±g&8c£LTP£r, x 

(1995) tCKRx;Btl7c^j£fc J:oTS< ZLtff'H'g&o
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c.

Zifi. znmmmm'l'SiH& (Levenberg-Marquadt?£) SJBUTfrS C. tff'VgZ. 4" 
litt^MSftt^5V7h'>x77'f^7IJ" M INPACK” &S WT, £ *l£ 7”o ^ 7 A-ft 
Ltca

tUtt, S3. 4. 2-3m~S3. 4. 2-5^ 

fc^^c3'90T-^77^n^^'i'ea§.

3.4. 2-3^ MWDTemp2A*T-^®K#-llf-^

##

4r-S/>f • ## • v^l-ESS •

%# •m#•mm
iisi•mm
its • M
#e^m • S5Jtm • • mmm
1 BOSBlEimS • 1 BSfct)0ilSft2PIE •« 
mAmm •

iEMsM K U )Vft 7-ftm • H -y h ti:S

3. 4. 2-4g MWDT emp 2 Atl 7s-? ®M B'J ■*> <Z>H$HS ;f~ $

3. 4. 2-53E MWDTemp2Aif“^©/t7^“^r-^
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wnw&i : MM
i Mm

WWi

Z <3UI9 lOMW m-Z "t "8S

'0%2j (9661) ssanij pus ai-raisai^ vjztgg vi n X ' SEM-gBiMW

'n^- °e%9 Y##3nmso#

2 dm3 x 0 Y^Y/<%n
grnEM?#]#

°%l|:9#X^T2j s dma X aMI^HX<^X/l V^X<‘ §U? 

S4S£- °£

-VU$M^X^T2jS4i?X<^X/ia)Y^X/$^U$ME X
°?ic-<$D~3zg±2\mwm&~-i-'<£n%xi'\c.^mm<24-^m:z&mmm: °§?

q=##^C ?< E/C^$:

‘Z-t-lhVWZ
MMW&nQ'zoyia^c- \r/###oomm#?i>s4i©

°<s:4-M^i^m^mmM i#ps:ii3Q)^©

G



(i. 3)
MWDT emp 2 £<£ D

f#WD -la©3, 729mm$T©M-r-^£ffl^Ttf-S£fi:^7c0 

-'s>$7°U>?7 k, #5###&#3. 4. 2-4BHC^T. %.fz, WD-la#
<D@iliJM£S!3. 4. 2-5@^^f (Saito et al., 1996) , ^miMWDC

%noxE7KZSm7jc^S(D4.SMv^TSl^SSSSLfc0 c 
Wh^^&#3. 4. 2-6Efc^1" =

(373-0

rsMip]^s.Bnfc0 gES2,
#5. 9%(DK:#LT, ?^S2, 800m^^T'ti47. 7&±T&5» 2, SOOm^aT'H
±12-0 (2 a) , 2, 800mMTti:±95cC (2 a) fig<DSm-eii&Mg^3tvE£:hTl>

a. iossiitu #a=<&y0^7A"ra373'c.!%±<Dm8B#(DimM&ff='r<&##:&
SS&MT1® DEx.&lifcSbT£5<,

(1 . 4)

fiI«lf'>^fAMWDTEMP 2 fCjcD, 6±6J1ES

-8- T fe > & a n g © m £ t- « /j* $ & m m -e m m & m © it £ # f? z a ■ c t m m m m £ tc. 
sfc, rn^rnimA A c:^.a#E7kmm©m@m

(i. 5) ^'&(DWkm
^mz, yo^7Ao#f##0[Ri±^f-^AA0mmfb&evx sim^n^A 

/\0%A&fT-p"CW<. $7h, 31SUN I X±TilV^TUa 3 7’n

//7A0P cib&^mta.

Finsterle, S.I. (1996): T0UGH2 Users Guide Version 2.2. LBL-34581 UC600.
Mondy, L. A. and Dudan, L. E., (1984): "Adavanced Wellbore Thermal Simulator GE0TEMP2 USER 

Manual", SANDIA REPORT, 1984.

Marquardt, D.W. (1963): "An algorithm for Least square Estimation of Nonlinear Parameters, "SIAM J. 

Appl. Math., 11, 431-441.

Saito, S., Sakuma, S. and Uchida, T. (1996): The experience of drilling into 500 °C formation in NEDO 

WD-1A well, Kakkonda, Japan. Proceedings 8th Interational Symposium on the Observation of the 

Continental Crust Through Drilling, 322-327.

White, S. P. (1995): Multiphase nonisothermal transport of systems of reacting chemicals, WATER 
RESOURCES RESEARCH, Vol.31, N0.7, PAGES 1761-1772.
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ifflWrlE umm 

fflffiCC)
0 100 200 300 400 500

63.5m

500m —
24" ii 

605m

1500m1505m

2550m

3729m

11K^ (x 0.001 cal/cm •S"°C) Cdarcy)
10-M10'»10-'110-1710-1610'<110-»10’11 
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iiuu) in:^ nn

500m

885-1,290m

3,500m -

S3.4.2-40 < >;t-y3
(mm, tf?a, mm¥ME ut%#) ,



CO
00

LITHOLOGY
HOLE

SIZE

DaqUld'-mf!
msi

Dadit iqTuf f
'.^iShildyv'-'r:.

.................
riLtitdai:ltlc‘.';

TUfHreqoin'

-msha'idir,;:

Hfl'iridifdnS;.™:
•AHaiiiiiHVti

ivGranite;

26S0 mL 
2680b

8-1/2' 
2880a

-400*0-

-5001C- 

3729 m

CASING

SPECIFICATION

18-6/8' 
K-66

87.Slb/ft 
3 600m

13-3/8' 
L—80

611681b/ft

SI363 m

1600 m.

Spuddod In JAN.S~
CUMULATIVE DAYS FROM SPUD

iv. - ~—ri lOpa r a t i on Suspended )023 mo ....... T im'"
I ■■■■■■*■ I I

aootHZH 400
JAN I FEB | MAR I APR I MAY IjUN^JAnI FEBMAR f APR f MAY I JUN I JUL 1 AUG 1 SPT

Opened 24' hole from 17-1/2' 
i^Ran and Cemented 18-5/8' CSG IlctIs Lost Circulaticn Tnxrtmrta

CR: Coring
O.CR: Orientation Coring

lWD-1
V -0:6/8' -

L-80 

47Ib/ft 

J2648 m

Ran and Cemented 13-3/8* CSG

Sidetracked while 
Drilling out Cement Plug

Lost Circulation Drilling

Rotary Drilling with MWD

Ran and Cemented 
9-6/8" Liner CSG

WD-1A
4000

(a)

Bolthole, Dynamic i'j. :/
iXefflMraturg'.SigygY.'.to.

Closed Injection System Installation
Chemistry Sampling from TD

Hydraulic Fracturing
Plugged Back 
at Z400m

S3.4.2-511 < yn-V 3 > K =k itilE¥E©SSn-^ tc{iHS L ® ffl WD - 1 a #(DfflW\JSiM
(Sai to et al. . 1 996)
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(2) Eaams/xfA

TSaSfcBBSgSftfc^o^xA (MR PL ; Multiple Rate Power Law)

fc.

(2. i) e*b?>p^>hyi~?(Dm%iz.m-tz>mi 
m. &it, #i%i=

ckoxft. e

oT, mKW(C%zK#©@zK#©^#&K@T% C tilSfcSSEStlfc
<Di$mtit,

4"

4
(ea • mg • xH>±#@mm) pit

4
e * s s

■ 4
i&zK##^# (E* • mg • XH>±^1ES) t«ts 
mzKmg • mzKagm 

4
# m % h y y

4
(E*-fig-xt’>ttigi) cj=s

4
MRP L l:j;§7t-;^7f-7©ilf 

4
m zK e @ # e 

4
^zK^mx^XA- h yx^At: j;^mzKMm$iJ^:

-389-



'Mm^t
im#(c, «kommk:m7K@(D^m&fT3c(refers ±>W7izizm

E/^S-S-Hx l7]ctagI§llTt§!2'I/5^5c ) S3. 4.2-7|HC^@(D^7jcfiJS©iE 

t70-|€iUc.

BtKV— >©^tK‘I4

AEsiESROTM

S3. 4. 2-7H h

(2. 2) MRPL^D^7A©ftI

Hfg$ 7*^ ili, Sr§I;&TJl'tl/T7y7Jl'7n-;£T^?:fffl LT#0 ,
m*tf;i/ K7y y^y*-)V^7(d^t-z, -tts.t>% h?>z?x.> hftnzmffi-tzfctb
0%©T^§. fefeU ca^W#(C^:3TV^.

Power LTWS. S3. 4.2-8Ht7°n X'x A©7
□ — 9^ f — h ^ tk'I'o

(2. 3)
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P ( r , t) 

fc£l>

P
Q It e f f /
2 7t k h 1

(9 + 3/n) " (150k <f>) <I_n)''2

d) u c r 2
4 k t

S3. 4.2-811 BE* - MJ5?*Jf7°n^7A©7n-9^- h
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i s s t#>
1. 1

wsgt> i±si) #ii©n®-it
lt, n;, tioMWDyxfAt
mmf x^u —u-> h u u >^u— ex&©mmwd,
HoneywellftOiSiBffl^M^CilT *3 S^l-ES (#

%^7/wx©m#E^)

1. 2 ##B#©PB%
1. 2. l Sigi

b7\';i/x^tgf, =e- kmx< y^M

neiffla&fi^uTi@iaie£ETTf©^s&K»&ffofco

• —#©#%%;>4^—<b
• mm# • m###m©i#]±
V>7#S#:ES©@W©F?f§^f$:SE£?VtBT5 =

(1) V>T
(1. 1) X'yhV^XMi 
(1 . 1. 1) 7y K/\’;i/XM#

vy M/i;i/X^A#^#f#L7k.
• mm# • m®eemm0gam&ffwm#©&if)=b©&;B%L%:.

(1. 1. 2) Vy K/\°;i/XfB£M#Be

• #AX< y 7L Retell tr#^> ^1 t^7r#fe»
• mm# • c a &mmu7h.

(1 . 1. 3) vy KA°;i/X^£MMgerogE@

• mm# • me@#m&Ri±3-ea%: #>%:&#© h i%< (crno#sRi@&45mmt u^.
• mm##T©mm# • mmemm^ev^^LTkem^mmuzh.
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(1. 2)

• n=?&&<0 5 ■& cpuw: ss a® &&©&«> &&
TSi'bCDZ:Um L7Co

• iag§#m<k LTCP& SgftlsI8&;Rtfi&&iitIElHlg&i©jHIffl5&3fc&Lfc.
• bT'/>x©HIiE©ffl*^aiSff 5fcJe>tm®SliEl®36'5©^^'riHFlE

tat^V7 h^i7Sffl^S.
• mmm, Esesisi^LTM©hnnmrn^iomi^TtLit,

(1. 3) t— K##X< y 9"
(1. 3. 1) lHlEX-f v^

• y<d i$&i$ft(Diiit>tfmk-rz>ztmmis,
#m#(c j; d

( 1 . 3. 2)
• M#-fe>-9-©ssefijEL,

(i. 4)
(i. 4. i)

• M F *J 7 K t'n*y7h, X> Y> Z (D 3 #0^6 3#&#lET%7c%(D^-^ 
£?X#L fc0

• ®SSb» W®»K»K:J:DtttiS5fiSbfc.

(1. 4. 2)
• mmmmmzmftLtco

•SIHU7h, ifnAS/7 F, X, Y, Z O 3#O^SO#&#IEf 
£]Rf#U7c =

• IfM>

(i. 4. 3)
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•mmw.u Kmmmmiz^vmmzmmLtc*

(1. 4. 4) r£M!E@8S

&&©£$!bfc0

• @g§M2: ITCPU, <Dffi{eS&^S:Lfco
• Em#, E###^2: h D#^^ESr70mmJ^T<h Lt^o

• mm#, omm&mmLTh.

d.5) mm 
(i. 5. i) mm

• V>T£#:©raU7£AmM&EBS£$iSL£:0

•»m EMK&fc<fc0ttiB£fll&Lfc.
• iW T" 50R# rs © BfE £ MT 5 E@ U £ 7h,

(i. 5. 2) mm^^ibBK

• mm#, m#m#m^LT&mo s
• mm#, m##mmcj;o#m&mmL7h.

(1. 6) A >7 -7 >
(i. 6. i) twvy it

a. %#)

-
• 4> 44. 4mm 2: Lfeo

- alloy K-500 2: L&.
•EE,EE&SMBLfco

• ^>ta • Awi/&(Dme#a&4M&s@*s;±a5S&G±#&:ts;&&#a2:L 
fco

b. ? >ta • awi/

•ee, Em#m&mmL^.
• & <Z> 44. 4mm2: Wb„
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(1. 6. 2) # 

ft\ Kf£LKSfcL&.

(1. 6. 3) MttSilg 

a. X M7 • jIW > h

• ffiTSJR&gfc&ofcJBtttbfc.

b. t > b 7 7< if

• ±> >?& • A'l/;^ (z±> z
£ \z «fc 0 SfrfPttH & |RI± S iirfco

• u L7t=

C. ^ >7* 4 > tf ’ DyH

• <f>44. 4mma L&.

(1. 7)

(i. 7. i) msm

-^zc%0
inEU, jBMt^aiStS © 2SE£ Lfc»

• ®is n * * * &m \zmm-r § £ t ^*u ? &.

(i. 7. 2) ####

- mmMm±©#m&s, ##Tx, y, z©ofc^a#-£•£>•&■<:«

Z@l©3.£OViTfTofc.
• BE n * z^stim tclPigrTz>££o fc„

(1. 7. 3) am##

• HSBSS©#ES^B^-STM^&ffofc„
• B&3*£*#180,C«±T?«*$fcfcS;:£#¥lJo;6:.

(1 . 7 . 4) i#m * iSEME 

friLTUi^i&ft-ofzo
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(i. 7. 5) mi£ju-y°rnm

• imty-v-, ge^Mg'fe>u-©ftti£?6SLfc.

(i. 8) nm®%n&

• A#^12, 705mm <b & -o fco

-/\> Mu>^gmAmm(:7kc7h.

(g) mfBGammmmBgm
• Dl7D-teX©FPGA©MM©@E£fTo7c:,

• '/yTzm^T&mmmmWiZfi^rco

i. 3 m±mw<Dfflm
(1)

• mmmtfr-7n?7& (t}?>7° • /<x&£Rtfmi&mm-T=i-Ffc7°as?7A) ©%
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SECTION 1 INTRODUCTION

Introduction

The WELLSITE INFORMATION TRANSFER SPECIFICATION (WITS) is a multi-level format used for the 
transfer of a wide variety of wellsite data from one computer system to another. It Is presented as a 
recommended format by which both Operating and Service companies involved In the Exploration and 
Production areas of the Petroleum Industry may exchange data In either an online or batch transfer mode.

The format offers an easily achieved entry point, with increasingly flexible higher levels. At the lower levels, 
a fixed format data stream is employed, while, at higher levels, a self-defining customizable data stream is 
available. Since each level Is based on earlier levels, the format provides a clear upgrade path to greater 
capability by building onto existing software.

In a general sense, a WITS data stream consists of discrete data sets (Data Records), each composed of 
a related group of fields (Data Items). Each data set is generated Independently of other data sets and each 
has a unique trigger variable and sampling Interval. The rig activity usually determines which data sets are 
applicable at any given time and only these are transmitted. WITS also Incorporates the means fora remote 
computer system to poll the wellsite system and change certain parameters, including the type of data 
transmitted and the Interval for transmission.

Background

Over the years both Operating and Service companies have developed proprietary formats for electronic 
data exchange. When a new working relationship Is established between a Service company and an 
Operator, modifications and testing of formats must often be made to allow the data collection and analysis 
systems of the two entities to communicate with one another. This sometimes leads to problem start-ups 
and the resulting loss of time and data. The ongoing development and maintenance of these formats 
represents a significant expenditure.

The cost and complexity of format matching and modification has often led to a reluctance on the part of 
some Operators to get involved In this type of service, and a great deal of rig data, which could be 
extremely useful In evaluating rig performance, in monitoring and controlling drilling, and In formation 
evaluation while drilling, Is often not collected or transmitted.

In attempt to resolve this Information transfer problem, the Rig Instrumentation and Measurement (RIM) 
subcommittee of the International Association of Drilling Contractors (IADC) formed a task group, the 
Information Transfer subcommittee.
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APPENDIX A : WITS PRE-DEFINED RECORDS

This appendix contains details of the 25 WITS 'Pre-Defined' records. The content and format of these 
records has been fixed for use in levels 1 and 2 of WITS although there is no reason that they should not 
be used at higher levels.

NOTES

The following representation codes are used In the Pre-Defined Records:

Identifier Rep Code Description

A 65 Alphanumeric
L 73 32 bit 2’s complement signed integer
S 79 16 bit 2's complement signed integer
F ‘ 128 32 bit IEEE single precision floating point

Examples of the format of representation codes 65.73 and 79 may be found in the US handbook (Reference 
2). Code 128 is an extension of US to enable the use of the more widely accepted IEEE format See 
Appendix G for more information on the format of this representation code.

For each data Item, a long mnemonic and a short mnemonic are given. It should be noted that only the 
short mnemonic may be used In Data Format Specification records while either may be used In other 
circumstances.

;The transmission intervals for Pre-Defined records are specified by the Operator prior to the start of service. 
At levels 2 and above, these transmission intervals may be changed by the Receiver through the use of 
Session Dialogue Commands (See Section 4).
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RECORD # 1- : GENERAL TIME-BASED

Logical Record Identifier (RID): 151
[TIME] Transmit at a specified time Interval (secs)

Mnemonic Rep Byte Units
Item Variable Description Long Short Code Length Metric FPS

1 Well Identifier WELL1D WID A 16 _
2 Sidetrack/Hole Sect No. STKNUM SKNO s 2 — _
3 Record Identifier RECID RID s 2 __ __
4 Sequence Identifier SEQID SQID L 4 __ __
5 Date DATE DATE L 4 —. __
6 Time TIME TIME L 4 __ __
7 Activity Code ACTCOD ACTC S 2 — —

8 Depth Bit (meas) DEPTBiTM DBTM F 4 M F
9 Depth Bit (vert) DEPTB1TV DBTV F 4 M F
10 Depth Hole (meas) DEPTMEAS DMEA F 4 M F
11 Depth Hole (vert) DEPTVEHT OVER F 4 M F
12 Block Position BLKPOS BROS F 4 M F
13 Rate of Penetration (avg) ROPA ROPA F 4 M/HR F/HR
14 Hookload (avg) HKLA HKLA F 4 KDN KLB
15 Hookload (max) HKLX HKLX F 4 KDN KLB
16 Weight-on-Bit (surf.avg) WO BA WOBA F 4 KDN KLB
17 Weight-on-Bit (surf,max) WOBX WOBX F 4 KDN KLB
18 Rotary Torque (surf,avg) TORQA TQA F 4 KNM KFLB
19 Rotary Torque (surf,max) TORQX TQX F 4 KNM KFLB
20 Rotary Speed (surf,avg) RPMA RPMA S 2 RPM RPM
21 Standpipe Pressure (avg) SPPA SPPA F 4 KPA PSI
22 Casing (Choke) Pressure CHKP CHKP F 4 KPA PSI
23 Pump Stroke Rate #1 SPM1 SPM1 S 2 SPM SPM
24 Pump Stroke Rate 42 SPM2 SPM2 S 2 SPM SPM
25 Pump Stroke Rate #3 SPM3 SPM3 S 2 SPM SPM
26 Tank Volume (active) TVOLACT TVA F 4 M3 BBL
27 Tank Volume Change (act) TVOLCACT TVCA F 4 M3 BBL
28 Mud Row Out % MFOP MFOP " S 2 % %
29 Mud Row Out (avg) MFOA MFOA F 4 U/M GPM
30 Mud Row In (avg) MF1A MF1A F 4 L/M GPM
31 Mud Density Out (avg) MDOA MDOA F 4 KGM3 PPG
32 Mud Density In (avg) MDIA MDIA F 4 KGM3 PPG
33 Mud Temperature Out (avg) MTOA MTOA F 4 DEGC DEGF
34 Mud Temperature In (avg) MTIA MTIA F 4 DEGC DEGF
35 Mud Conductivity Out (avg) MCOA MCOA F 4 MMHO MMHO
36 Mud Conductivity In (avg) MCIA MCIA F 4 MMHO MMHO
37 Pump Stroke Count (cum) STKC STKC L 4 . in ■ __
38 Lag Strokes LAGSTKS LSTK S 2 ww —
39 Depth Returns (meas) DEPTRETM DRTM F 4 M F
40 Gas (avg) GASA GASA F 4 % %
41 < SPARE 1 > SPARE1 SPR1 F 4 — —
42 < SPARE 2 > SPARE2 SPR2 F 4 — __
43 < SPARE 3 > SPARES SPR3 F 4 — —
44 < SPARE 4 > SPARE4 SPR4 F 4 — —.
45 < SPARE 5 > SPARES SPR5 F 4 — # ■■■■
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RECORD # 2 DRILLING DEPTH BASED

Logical Record Identifier (RID): 152
[DEPTH] Transmit at a specified depth Interval while drilling NEW hole (feet or meters)

Mnemonic Rep Byte Units
Item Variable Description Long Short Code Length Metric FPS

1 Well Identifier WEUUD W1D A 16
2 Sidetrack/Hole Sect No. STKNUM SKNO s 2 . — --

3 Record Identifier RECID RID s 2 —

4 Sequence Identifier SEOID SOID L 4 —
5 Date DATE DATE L 4 —

6 Time TIME TIME L 4 —
7 Activity Code ACTCOD ACTC s 2 — —

8 Depth Hole (meas) DEPTMEAS DMEA F 4 M F
9 Depth Hole (vert) DEPTVERT OVER F 4 M F

• 10 Rate of Penetration (avg) ROPA ROPA F 4 M/HR F/HR
11 Weight-on-Bit (surf.avg) WOBA WOBA F 4 KDN KLB
12 Hookload (avg) HKLA HKLA F 4 KDN KLB
13 Standpipe Pressure (avg) SPPA SPPA F 4 KPA PS1
14 Rotary Torque (surf.avg) TORQA TQA F 4 KNM KFLB
15 Rotary Speed (surf.avg) RPMA RPMA S 2 RPM RPM
16 Bit Revolutions (cum) BTREVC BRVC L 4 — __
17 Mud Density In (avg) MDIA MDIA F 4 KGM3 PPG
18 BCD at Total Depth ECDTD ECDT F 4 KGM3 PPG
19 Mud Flow In (avg) MBA MFIA F 4 L/M GPM
20 Mud Flow Out (avg) MFOA MFOA F 4 L/M GPM
21 Mud Bow Out % MFOP MFOP S 2 % %
22 Tank Volume (active) TVOLACT TVA F 4 M3 BBL
23 Cost/Distance (inst) CPDI CPDI F 4 S/M $/F
24 Cost/Distance (cum) CPDC CPDC F 4 $/M S/F

25 Bit Drilled Time BTDTIME BDTI F 4 HR HR
26 Bit Drilled Distance BTDOIST BDDI F 4 M F
27 Com Drilling Exponent DXC DXC F 4 — —
28 < SPARE 1 > SPARE1 SPR1 F 4 — —
29 < SPARE 2 > SPARE2 SPR2 F 4 — —

30 < SPARE 3 > SPARES SPR3 F 4 — —

31 < SPARE 4 > SPARE4 SPR4 F 4 —• —

32 < SPARE 5 > SPARES SPR5 F 4 — —
33 < SPARE 6 > SPARES SPAS F 4 ' — —
34 < SPARE 7 > SPARE7 SPR7 F 4 — —
35 < SPARE 8 > SPARES SPR8 F 4 — —
36 < SPARE 9 > SPARE9 SPR9 F 4 — —
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