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ABSTRACT

Title - Revise of the source of error with in Aanderaa Recording Current Meter.

The Aanderaa Recording Current Meter(RCM 4/5) has been used extensively
at the KORDI for about 10 years.
Since 1978, a concentrated effort has been directed toward the maintenance repai-
red and calibration or modifcation of this current meters.
During this time, RCM was changed at some stage for that particular function or compo-
nent but the main feature of the instrument have remained unchanged.
Accasionally, it has been discovered that the problem of data and characteristic of sensors.
This report describes about discovered caused of error of the RCM and suggests
for protection and make minimized of the sources of error.
Refer to the result of study in error of RCM that is following
A) Problems of nonmagnetic battery and its capacities.
B) The field associated with the rotor magnet and its follower magnets.
C) The field of magnetic tape.
D) Material of pressure case with in geomagnet field.
E) The dead band of compass and it effect by environment situations.
F) Tilting of the recording current meter during the moooring period.

G) Failed or error caused by handling miss and uncontrollable etc.

Recent changes to the instrument as well as a growing interest in deploying

it at more deep ocean survey. Probably have necessitated this revision of that report.
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—1) Measuring system
. Reference

. Temperature
Sensor Type

Low Range

High Range

Wide Range
Accuracy

Resolution

63% Response Time

. Conductivity
Sensor Type
Range

Resolution
Calibration accuracy

. Pressure
Sensor Type

Range

Accuracy
Resolution

. Current Direction
Sensor Type

Resoultion
Accuracy

Thermistor
(Fenwal GB 32]JM19)
-246~2148 (C)
(Standard)
10.08~36.04 (C)
0.34~32.17 ()
+ 005 ()
0.1% of range selected
12 (sec)

Inductive cell
0~77(mmho/cm]) (Standard)
25~72(mmho/cm)
25~38(mmho/cm)

0.1% of range

+ 0.025 (mmho/cm)

Bourdon tube driving

a potentiometer
0~100(psi), 0~200(psi),
0~500(psi), 0~1000(psi),
0~3000 (psi)

RCM—5 : 0~8000 (psi)
+ 1% of range
0.1% of range

Magnetic Compass with needle
Clamped on the potentiometer
ring

0.35°

+ 7.5° for current speed
within 2.5 to 5(cm/sec],

or 100 to 200{cm/sec)

+ 5° for current speed

within 5 to 100 (cm/sec]

Z 71719 Z/HEE

Thermistor
(Fenwal GB 32JM19)
246~214 ()

~36 (C)
-0.34~32.17 ()
+ 005 (C)
0.1% of range selected
12 (sec) (Channel 4)
Arctic Range :
-2.64~5.62 ()

Inductive cell 2994
0~74(mmho/cm) (Standard)
24~68(mmho/cm) (on reguest)
24~36(mmho/cm) (on reguest)
0.1% of range

+ 0.025 (mmho/cm)

Bourdon tube driving

a potentiometer
0~100(psi), 0~200(psi),
0~500(psi), 0~1000(psi),
0~3000 (psi)
0~3000(psi) is standard
RCM—8 : 0~9000 (psi)

+ 1% of range

0.1% of range

Magnetic Compass with needle
Clamped on to potentiometer
ring

0.35¢°

+ 7.5° for speeds 2.5 to
5{cm’sec) and 100 to 200(cm/sec)
+ 5° for speeds from 5 to
100 (cm/sec)
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RCM—4/5

RCM—7/8

6. Current Speed
Range
Accuracy

Starting Velocity

L) Clock
Type
Accuracy

Recording interval

External triggering

©) Recording System
Type

Coding
Storage Capacity

2) Telemetry
Acoustically

Frequency
Detection range

) Mooring
1. Depth Capability

2. Net weight(kg)
Recording Unit
Vane Assembly

3. Dimension{mm)
Recording Unit
Vane size
over all size

4. GROSS Weight[kg}
Recording Unit
Vane Assembly

2.5 to 250 (cm/sec)

+ 1(em/sec) or + 2% of the
actual speed, whichever

is greater

2.0 (em/sec)

Quartz clock 2574

Better than +2 (sec/day)
within 0 to 20 (T)

0.5, 1, 2, 5, 10, 20, 30, 60,

or 120 (min.)

A 6(V) pulse to terminal
activates instrument

Reel to reel 1/4 inch
Magnetic tape

10 bit binary words
10,0007)

Acoustic carrier keyed on
and off

16.384KHz + 5Hz
Hydrophone Receiver 2247
ZE3L 800m 74A]

2000 m

in air in water
173 9.2
12.9 8.1

510128
370X 1000
750 height X 1370 length

191
14.6

2 to 250 (cm/sec)

+ 1lcm/sec) or + 2% of the
actual speed, whichever

is greater

2.0 (cm/sec)

Quartz clock 2574

Better than +2 (sec/day)
within 0 to 20 ()

05,1, 2,5, 10, 20, 30, 60,

or 120 (min.)

A 6(V) pulse to terminal
activates instrument

Data storing unit 2990

PDC—4
i 10,90070

Acoustic carrier keyed on
and off

16.384KHz + 5Hz

Unit 30798 723 2000m 7+ =)

RCM~—-7 RCM—8
2000 m 6000 m
inair : inwater 5 inair . in water
13.6 8.8 15.2 10.9
12.2 95 14.1 11.8
495X128 520 X128
485 X 128

540 height X 865 length

18.5 20.5
20.0 22.0

__24 ——
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2. RCM 2| Xt #1E&

tlo

£ 7171= Fig. 2 & #9] Electronic Board2 T4 5o Ao} 2+ 3257+ 2%
Ads] 29 o33 2o

Start 2127} €0} 2™ —6 (V) Voltage regulator7} 2% 5 i1 Encoder motor7} Enco-
derg 2§ Al 71t} Encoder?] Capoll ¥ 2% Brushe FHZol) 23l A Long pulse$} Short
pulseZ} & Aol 7}3) X Short Al & 7+o] Control3] 28 % 3§ A Bridge voltageE &1L
Comparatorol St 718tA 3k (Photo 6 ZHZ).

25 (usec) %<t 3 (V)9 Bridge voltage pulse”} Channel selectoroll €814 z} Sensor®ll
sad o2 718 A A Sensor gl 98l Compartor7t 2% 3t Encoder switchE&
ON/OFF 37l gt} Channel selectorol 21814 Stop segment7} 4 st} H & w712

Data signalo] 24§ gt}

Photo. 6 Encoder & Encoder cap
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RCM 2 71719 £€3Q &4& 93 Data 8 2 715 o] dFsith

a) Quartz clock® ©]-&3ld dA3 Aj7t 7+A-& F 31 Recording heads| A} Magnetic
tapeol 7] &3 Tape reader2 2} & WH(RCM —4/5). =, C—Mos RAM & ©] &3}
Data storing unitell &3 DSU ReaderE %34 v .

b) Electrical terminal® E&jA Printer 21528 ¢lom 24 nl=2 7]7]19 33
2% RES ¢ < e $dO17] 38 AHA AHS)

¢) Transducer® <% %= DataZ Hydrophone receiverE %3} 71712 25 JeH &
L R
(Mooring¥ 8l A7 2 FA @FA Data® d1A & of AHE3h)

Fig. 2= RCM 9] A=A 2% o8 Fig. 3& T8 Block Diagramo|t}.

|Quur11 Clock I

Comparoator and n Voitage Requiator and Bridge Voltage
Encoder ( R -2R Network) 25 Bridge Voltage Generator F@ Terminal
1 1 =
: L Control
ontro
Electrical Terminal
Sensors & < Y Output Signal Circuit @@ !
Circuit Remote Start
il {
] J
- Chonnel Selector 3 Dato Osciltator for
Recording Acoustic
TL Unit Tr ansducer

?

Ac-ousﬁc Transducer
Terminal

Fig.3.  Block diagram of RCM— 4/5
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RCM & 71719 &3 &85

=2

&t} Data &8 9 715 WRlo] thgsit

a) Quartz clocks o] &3ld 4AE Azt 7+3-& %3 Recording headol A Magnetic
tapell 71 2 % Tape reader2 ¢} W (RCM—4/5). &, C—Mos RAM & ©] & &t
Data storing unitoll A3 DSU Reader® F3A ¢+ i

b) Electrical terminal® %314 Printer 21528 ¢lom 24 uiz 71712 HFAAAQ
e RS ¢ & de $HOI7 3 AHA A

c) Transducer® A% ¥+ DataZ Hydrophone receiver® £3 71719 &% S
Bitgste W,
(Mooring® 48l ¥ 2 ZA] dFolA Data® duA & o ALg3c})

Fig. 2= RCM ¢ AA 32 =0l Fig. 32 F8 Block Diagramo|t}.

Quortz Clock

Comparator and . Voltage Regulator and *@ Bridge Voltage
Encoder { R -2R Network) R msamm— Bridge Voltage Generator Terminal
{1 T E_
3 L Control
A onire Electrical Terminal
Sensors - e——— Output Signal Circuit b:p@
Circuit Remote Start
4»
d} 4
Channel Selsctor 1t Data Oscillator for
Recording Acoustic
i i Unit Tr ansducer,

¢ ©

Ac-ousﬂc Transducer
Termingl

Fig.3.  Block diagram of RCM— 4/5
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3. RCM 2| Sensore| EAM

7}) Temperature Sensor
2% AALE AlF gFA o Thermistor7t S8 %913 Top end plate R H ¥l

o &% + A=E EZ5 o] Ut} Thermistors= Fenwal GB 32JM19& A Silicon

2

g %oz A% YRAN AAANROH 25e) B4 FHA 63% 744 £

by
1

>
)

17be oF 1222 23A wEHe] ofch
Table 2. ol A ¢} Z-& &% Range’} 121} WA ©J € Narrow range® ModifyA] #

A& £5 dth(Page. 53 F=).

Table 2 Sensor Type : Thermistor (Fenwal GB 32 JM 19)
TR . 4 ¥ 2
Low —246 ~ 2148 (T) Standard
High 10.08 ~ 36.04 (C)
Wide —0.34 ~ 32.17 (€]

1}) Pressure Sensor

Photo 7 3 o] BE/) WA= L322 Top end plated] BEEHS A2 Bourdon
tube & o] &3 Ao 2 4 2|5t Tubed] & Aol A2 & HE)S 2 Potentiome-
terd] AR AAAA FAZH L F=F Ak

R 2 e = Tubeol= Dow Corning Silicon Oil (200914 60002 =& ztx
AE)S iﬂl-?l*i 45 WA

3+3 Sensort Range’} & /A2 v o} 12ov (0-100 (psil), 0- 200 (psi), 0- 500
(psiJ, 0- 1000 (psi), 0-3000 (psi), 0- 6000 (psi), 0-8000 (psi) &) H=E 2 Range®]

+1% 7}% % 1 Rosolution® Range?l 0.1%7}A 7}& 3ttt



Photo. 7 Pressure sensor

235 EEYT AL RangeRth 25% 0149 ¢4H& 22 G=F 3fof drh. wHef Sen-
sor®) Range®.th tj & 7 ol A4g 8tz & 3§l & Sensor?] Cap& AHE, 4ol

Mo AF A REEF tojop gt

t}) Conductivity Sensor

RCM o] At&3 3 Q¥ Conductivity cell& 5¥3] RCM o] A #3=& 1<t A} &
&t

Photo 8 o X u}s} ¢o) Cell& Toroids magnetic matals W49 Coil& °]F22
Zgtom o] Toroide Al Lol EH A5 §F&el T2 TR AR o] Celld
zxN02 #1457 2759 Loop 3 €19 Inductively-Coupled ¥l o1 #15*2] Conductivity &
A28t} Celle] W22 Epoxy2 Coating®ol o™ Ay Mkl Fo& 830

Cell®) %9 o) Coating® Epoxy: @ 2% vlHatAl &30l AA Coilol 22 HF2
A57t AEsE 4971 Q) 717) WRA7A 57 Boi7k ARH 0.2 FFE FA
2 ®m ooz Fueztx] AAAL £AL AU E ok W el Wi

__30 —



Photo. 8 Conductivity cell

Aolle &4 LacquerE Al§ Coatingg 3t Cell® R E st Aol ol$ Q3

2) The Compass

Compass= RCM o A & 3tA 533 dA st ¥ 22 Z ol CompassE B.% WiperZt
A2 o] Swingdtthzl EA S &3tol Magnetic Assemblyoll €3t} Potentiometer
ringol ol "k 22iW 1 #2F AY el Ydte st FaFHo A4S 5 UE
Aot

Wiper® Potentiometer ringel 81717 814 6 (V)7h Potentiometer el
A7t ojok 3t olwf oF 15 (mA)e} AF7F ZEt) o CompassE EFH 120 F o
N1 &7V A€ &Aool 7153t Compass7t A7) 90° At A e e
W7 A= oF 3529 Alzte] AATh

u}) The Acoustic Transducer

Transducer< Piezoelectrice] ¢ & o] &3 95 ¥ 2 Ceramic# Transformere 16,



384 (Hz)ol ¥ %1% i Transformer?] Trimmerol 3t} W83 Fm4 2 Adjusting &
7 Atk 22y Ceramic Transducere Al7Ho] B.&ol wha} R 7}x 2 Qe 24 o]
7] Wi HA A Trimmingo] R 3tch £3 Ceramicd] £ #F L &% 447}
&3] @7 fE EHRAQ Transducer?] AHEL% W& 0(ColA 30 (T)oth

ofje

E280 A &

1. RCM 2| EFERe| RIF ¥ HX

1) EfERge RH
7h) BRI

A AHE3lT Y RE =98 SystemES LI 27 WA H A

E3] RCM € Encoder® #% 0o 2 Voltage regulator’} 7+ ¥ 3L Bridge voltageE
gtel 2 328 Aoty WEo BRI C-MosE ©]& % Crystal oscillatorE
A}43l 3 9tk Fig. 4 © RCM ol 291 322X 34 k3 n 7AA, £ B8 S
23} CR Multivibrator$} C-MosE o] £ 3 Crystal oscillator3] 28 2 &3 Colpitts 2%
B Aol 7] gl 1 5L s 53t £ IF5A%E ARl FRrrt
A E2EA Eo

A RIS Agetd CMosol i@ 237t 7/hMAxez 43 blxe 7337t
g3 AF adMe AQIsz "9k Rl CL, C29 BREHE HD3s] Addd wat
AA a® 0~VIVipp 742 4ol gl AR TR AT T2 Ao} )AL WA
a, b, Atolol A& R2ol o1& AY337t AT WF 2 2 Negative feedback ©] 2 2|7
wj o Threshold level®] %ol 3 274 4 9] #Fho] b4 glvigte A4 ad] Al Fe
A st



Rz IC 4069

Fig. 4. Crystal oscillator of C-Mos

}) OP Amp.oll 2/ & Level comparator
HTERe dvdoz &9 EF /¥ 8 FAR 3t Analog 3129 9429

2 % Threshold level 2t} &7 ¥ e7t82 AH &+ Digital Mz vs & 2

B

Digital 3|2 ZFA X Level olY Alzte] A& FAZ3E Analogd 84

N
-
™

Pulse® 27} Q1 22 9422 Analog MEFol e d&ES AnalogEolgts &3 "17,
“0" 2l Digital# o] Level comparatortt Control & ol ol &) J& & o] H i FA 2 5 Ak
2382 Ao #Aglol "0"9) IAY 3+ Analog switch 52 Digital 428 713
EEg7E Ak

Fig. 5+ RCM ol Al-8 511 9+ Analog comparator® Schematico]th. & 714 Level
comparatore 27§ 2l Analog Mt Level2 Wi a|A Y9 = Digital ¥ o0]7] o Foj
Analog 3 ¢} Digital 3] 2 9¢] Interface 3 &9 A& =}

A A 9 Level Comparatoroll A ] H Jithol 5 $43

AL flx dutxoz 4
d%9 4ol $5% A FHEEI X1 SHEE HE AL JP 29 540

oA g ofr %Kol Fad vtof webM dedch 974 = OP Amp.ol sl

__33__



Analog
input

Va &—1¢ Output; Ve=sgn (Va— Vb)

- { logic | VaxVb
logic 0 Va<<Vb

Comparator

Vb 00— -

(a)

Vee Vee

Re Re Re Re¢ Vo:=sgn(Va-Vb)

;

NAND gate
of
NOR gate

(b)

“Vee “Vee

Fig.5.  Analog comparator (a) Symbol (b) Schematic
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A7l BAMTS NS sty Stk

AR E &4 Levelo] BRZ 8= Leveldt dx3lA] gt}

ol2lgt FAMES A7) A8l RCM oAM= pA7255 AH8-3H9) Open loopEs 221

A2 E FAYY 1832 Comparator24 AHE R-&w OP Amp. 2439
g gaddEe] d49yg B & Aele +Vee—(2~3) [VI7F g3 99
4+ —Veet(2~3) [VI7} g0 t & +Vecdt —Vee?] Swing levelo] ©t} & &3
AFE 10~20[mA] =7 HEZ 28 1ZS 93 oz §2357] Y8iA Fig 6
o] (a), (b) <} o] 37} OP Amp.o] AY Aol 49 Swing levelo] T Qs AS

ZHEAFE F7F AZE A%< Fig69d (0, (A #o] Transistor A€ E o},
=

|

(a) Diode Cilamp (b) Diode Gate

$

—- —

(c)Transistor Booster (d) Transistor Booster

Fig. 6. Modification of output level



durA o2 OP Amp. Comparator?] £3 2 TTLolY C-Mos% 9 Digital ICE +
=23 oo wE Aol R 7EHE 4 $dE Fig 62 (d) ol Transistor th 2ol IC Inverter,

NAND, Schmitt circuits< #7}&ck. RCM ol A NOR gateE 72 ARt Aot

t}) Relay Driver

—iEIe s oA [Egal A o[v] “L” ¢ 5[V] "H" 7} Logic level2M o} & 911
Atk ol 59 AzgolMe AF &FHolv M Aoz & Ax77E
7% 34 Uy Relayy Solenoids & AH+5E 4 gk

22fA, Logic leveldl Al & A =t71714 Relay, Solenoids o Ww¥3tE +5% 4
Sl & Transistorg o143 F& FA7} o] & Hrh

vtol & Digital 3 2olX 9 F ol A= AA77IY RHEE +5T 2% 71T Bol
AHEEE AL Axp7RH 7jolth Relayes 712 A 02 HAA i 7174 HEoz L4450
Rem WA HES ON OFFZ2 24 71438 3d& ON OFF& & sl & Zolr}

Relay drive®} 71&-& Coiloll A A4S Az Ad o] wf FE3 HF WS ¥k

Aolth Fig. 7 2 Relay driver?] ol & H ol Zolt} o714 +Vi= Relavel A 2 Wfiltol ).

+Vv

1

Control signal R,
Tr

R2

Fig. 7. Relay driver example



©, Transistor®] Collector-Emittert X3} o] Z wlx 2 93 HAAHY Buw
AA stA Fowd BfEwifizt 53t Relay’t 88 5 3akA &
3 R1, R2, Tr& Relay coildl & 24 Wil ¥3T & AES #E3H Diode
D1& Relay?] Coilell dxqto 2 A7)s Ha At wliHol JAgH +Vo Agx
AR AAFFA Ades Aolw #Hoh

Driver2# & Transistor thA1 ] Open collector % & ] Driver ICY} o} ¥ 81 4 & 9

Transistor Relays® A8t = v37x 7 €}

2}) Chattering #| A 3 2
ICS b & FZF & 2ole 7IAHES 7HF Z Interfacedt= Z ol th3fA
Azte] BU|2 Foh dutH o VA P ERE 7iA D R gorm g Fig 8%

2ol AP AA N Hakg AHA Logic ICe 22 Aol A&t dde] A7 A e

N

P

ters) A @) Relayyt Switch$ & OFFolA ON2o 2 H2AZ 28He £7H3o=

AEghoh, HMIEES ONC 2 dte AL Z3iid dAd7e Mg 2da4 st 2

o

|52 PR BWol NE $HH0R NEH 2L f§o2 PHol BT WojWe
MRSty AEHoR Wxe) gu HE Aotk ol AL WA Chattering EE
Bouncezt st 71 ARG Aol SH A otk ojw 27) o 4be] A5t FAHA &
£4e 9o % sigh

Ve

.
R=100 M J-”-H-HI‘

Fig. 8. Interface
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o] Chattering F% fikol€ Fig. 9 118 CRe =4, RS A, Shift RegisterS AM§-3

P
i

o glth. RCM ¢} Roter counterol <1 Reed contact SW+= Fig. 9 2] (e) &} o4

ol

tek )& EWFo] CountE & & AATH

o
N
SN
o
)
)
()
=
——)
e
&
3
=
o
w
Lo
ox.
o
N
)

Voo

2/4 4001

°F 1K IK

”};\L 2/4 400I

(a) NAND (b) NOR

Voo Vbp Voo

5.IK
20K 330K

1/6 4050

ju

(c) Schmitt Inverter (d)NON- Inverter (e) Schmitt NAND

Fig. 9. Get rid of chattering circuit
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Fig. 109 &8 (c)v A Inverterdl A FE3 Zolu 2 Fig 12 9 Inputdt #&

o
jab)
tlo

ool 3 EAHEL 128 4 91ou Fig. 10 ¢ £8 (d) & Threshold EHES 2

i

ZFPA B2 Fig 119 (b & #& 54022 ()9 o]l Yo Fig 129 2 38&

SAAIZIT 222 F3 33 AREHA 8H7] 98l A& Schmitt trigger 3] 2 2 2t}

4069 UB 0)

4069 UB Jl>&
R
® @G _
) a0 | ¢ @
/;};'“P 45848

Fig. 10.  Schmitt Trigger

Vn Vu

IN
\ A v
™

¢
™
/out Vour ouT
Vi Ve “~
Vin Vin AL

(a) Inverter {(b) Schmitt Trigger Inverter (¢ )Input. Output.

Fig. 11. Characteristics of schmitt trigger



Fig. 12.  Effect of schmitt trigger

2) RCM ¢} 32 T4
7}) R-2R Network Measuring Bridge
stube] PP FHE2l Thermistor?d #S Sensor® ol &3to] A 33l 23 o3

Y& deste M F2 48 F9 shvie 29 HYE FANZE & A= Bridge

of 2% AE3 vFE AU WA gon HYPo Hr B HF&d 2179 Bridee
APerg A7}stA fok AHE T 5= = o 7HA] Bridge 448 %914 R-2R Network
WAL Wl Fu2E R FY shvolt

o] W2l &A%zl %S Binary number® &A] Fo|&A 4 Qlth

RCM ol A A1-8-# R-2R NetworkEe 13 1304} o] 282
© Sensore U A HK( ¥:)Bridge® QZ=o] 3l

RCM ol A8 3 Bridgeol & 1071 9) SWEo] 2"=10242] Resolutiong 7}#} 12 7} Sen-
sor #koll thate] A&LHo g F ot

Z, 7} Sensord &7 Ranges 10249 28 ,g UYs 4 Aok

Bridge®] #&olgt & SWE] “Zero” Y Aol ojok 5= Aol Sensor Hi /)il

(1) Bridge o9

— 40 —



vl &ol wat SWE2 Binary &l sl@ss A2 nipA @t old, 33 Bridge
A2 Bridge®] Resolution®} Bridge A%tel #2828 Yetd 4+ Ut

R.

=, 1024 TR

ot}

ol ¢] Bridge ®E 2 A A2 DC7F okt 2t SW7F ONC. 2 vt & £7F Pulser}
HA =& o] Pulse®] A tolth AL Puise2] A<} Positive pulse$t Nagative pulse &
743 =1 Nagative pulse= Bridge?] i HKAEE & & ¥ Aol Positive pulse:
@2 Conductivity cell& AFEE A$ 12 Cored A3 FAS ZAA7|= BHoz
AR Bolth RCM oA ZF Sensor £3 A35& &% 34 499 7o) &350z

AT Waguch Vi go) Hik e

to encoder control curcuit.

[ Bridge voltage °
Comporofor
Ry R=IK
R R R
AL AL S =AM\~
Ro 2R 2R 2R 2R22R
S Sz S3 Sio T)? ? Kr
] 1 1 ] L I 1 I Zero One
7 -——-

, R A | 5
R h :
et ot bridge  Fighl olf o bidae 1

Fig. 13.  R-2R Network measuring bridge

1) Reference Reading(Channel No. 1)
TR 2 AF Abelo] W& A Foln z+ Pule FEHNSE R
Aul7k Aot obgel £ Systeme FFF 7)E A%Z #AF & A} Fig
144 WR,, WR: 9 WR:& Range &0 2 A& g om o= Rangeol x| 72

M= Full bridge H<te] 378914 5 874x)0131 © A Rangeol 14 7429 72

— 41—



[ Bridge Voltage

Fig. 14.  Bridge used for Reference Reading

ot

Mt @) ol g F Al Y AZE Alole W &L Tulz HAde A
Bite] W9 sl= A7 A FaA 23S & An AYstn Y& Readings ¥
T AE ¥ otYE ¥iE e WAt He er wWee e ALyn
Readings & A9 Mg o] slzoa ZAHAC}

2) Temperature Measurement(Channel No. 2)

&% Sensor 241 Fenwal 2K ISO Thermistor GB 32 JM195 AM& 34t} Fig.
1501 41 ¢} o] wH(f:) Bridge &2 olA WR, 48< &% Sensordt "@z o

R Bridge Voltage
' mistor,
i WRI ‘ 2K2
IIiDK WRI-2K IK

WR4 WR3

%%25 or 2K 2K 2K

00
Si S2

11

Fig. 16. Bridge used for Temperature Measurement
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At WR.E Low range(3825(€)) ¢ High range(2000(Q)) & 78 A=E &

2™ Thermistor %%l 10,000(Q)2 A& WR, & WHEHE d431 WR

ﬁ

g2 d43t9 A39 (wide) Ranged 715 ZE& . ojn AdgF %ol
BE Aol 28 AL Full rangeol 9 143 =7+ W3lg #olo}, aej2 g
Range® 7 122 WR, WR. ¥ WRE H7HA#A A&t Aoloh

Reading # N& &% Sensor® #a A& RollA thg# 22 2o AgHc)

WR, 3

Low and high range : (WR4+R ry ) X 4X1,023
WR, 3
i : N= - )xaX
Wide range - N=( RX10000 ~ 8 ) X4X1,023
WR, +
R X10,000

o]m o] A& RCM o] &% Sensor2 A-&& Fenwal's ThermisorE AF8Al Ther-
mistor®] A& s HHAE AHF & wE Aot
RCM ol A &,
A) Low range: —246(C)olA 2148(C)ol® WR,=3825(Q]°] 1L
B) High range= —10.08(CJol A 36.04(C)& WR,=2,200(Q)+0.1% o]t}
C) Wide range® —0.34(C)ollA 32.17(CIJ&4 WR,=2200(Q)+0.1%,
WR.,=10,000(02) +0.1% o] t}.
Ex :a) Low range
o(C)Ydm N=108.74
10(C)d® N=551.00
20(Cldw N=964.92
b) High range
olc)dw N=0
20(CJd} N=406.84

30(C)Y o N=80251



¢) Wide range
0(C)Ygm N=9.49
10(c)Y ™ N=306.43
20(C)Yuf N=629.74

re e 4 o Fh ol de) Ngbe Asted 4

‘L
=
g
]
T~
o)

N
F A A =v S 2 538 g A9 High resolution®]
2x HIE @lEstna & F9oE Narrow range= HEAIA R
Adg #tes #2384l
(% #= ! Temperature change)
3) Conductivity Measurement (Channel No. 3)
o] Zu]ol A AF83F Conductivity cell& o] o}y Induction type 9 & o] 7
g3l u} Aok Fig. 16-1, 16-2 2 Photo 8 ©lA ¢} 2ol Conductivity cell& 1%},
221 CoillZ2 #7 2™ 13} Coil2l Pulse bridge H¢to] A7F= ™ Range &

WR:# WR:E &3t R-2R Network &2 KA Coil 2 273 coil& A &

Comparator
\ WR6
Seeondory

Primary
Rsea | WRS IK

Bridge Vbitage

YSUTIIT)

Compensating/ -
winding

1 ]

Fig. 16-1. Bridge for conductivity measurement
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4)

\W:ier Pressure

ZE B coildl 325 AFEcell WEE 52& 8|59 w3k} whof whsko g
715 ™ Bridge 14 H3d & ol2th 1A 23F HAFE Zero & Zerodl
747 HTh ol2l@ WH o2 Conductivity’ Bridge 2% 32 o] £ 5
o} A ™ Conductivity®] Total range® WR;o| 938t 24 w0}z,

1.000

= X
Range (mmho/cm) WR.+ 1000 90.5

714 90.5¢ cell®] 7)8tat2Ql Fefoll #H @ F4ol s RCM off A48 Cell 59
BFFe +1% ool A9 2e grolty 18] Conductivity ranged #HA 3t
AL 23 WRoll 93te AAdc} (2 [ Conductivity range change)
Pressure Measurement(Channel No. 4)

48 @ES Fdol olste] Bourdon tube® & A AL Hut spw Mo
TLE 3o F4dErh

=, 7PEAE 71 Wgel dte FHANTIL vtAn Ao ML ke o
HASE el § o (Fig 17 #=2)

Bridge Voitage

2K

tube

— Silf'cone
ol

Fig. 17. Bridge used for Pressure Measurement



(5) Current Direction Measurement(Channel No. 5)
2 Recording unit Woll A ¥ Magnetic compass £

H} Z‘gk .f_z‘zé]

RCM 9] &5 o
gt} Compasse= Epoxy #A1 2 # Cased W&o glon S Coilo] A
24 ©] Channel selectorel €&t Clamping A o] fidted %= & 21 coilol A 24

#H ol A7 Compass?] A-& Fo] 3774 D} ol CompassS #AF ol g

H o] Potentiometer®] o2 Ue}E Zolth(Fig 18 #%)

6 Volts p—-— Bridge Voltage

S

o Compartotor

23 o IK IK

g N

o 2K x

S S2
I

Circuit used for Direction Measurement

Fig. 18.

6) Current Speed Measurement(Channel No. 6)
RCM ol A 3l & &=+ Sampling interval &<l Rotor®] 3 Ao 2lsle =

o

2 £ Channel Analogolut 8 9] Speed ¥H2 th2 Channel¥ th2 7 Digital &
Z A 5]o] Fth. RCM 9] &7 System Bridge 2l 8 8 o] Alwt4] o] 7] wj &9l Bridge

voltageE Pulsed 33t 25 9] =& Digitalst A1 2 % Act.(Fig 19 #F2)



-

Bridge Voltagé

Rotor ‘

Comparator

10-BIT
shift register
B | K
ii E:IEV;
10-BIT 2 2K

Readswitch counter

Fig. 19. Circuit for counting Rotor revolutions

Digital 28< 7}2 Sensorg AF& & ZA$oll= 10-bit shift register Wl Data7h
zAq82 o] 2R TN FYste FHT AR A o] EFIE 2

18o A B o] Shift-register®] 3% %2 -& Comparator®] ¥oz A7 H
21t} &, Shift-register Bridge Holl A B A~ 1}& o] § 3 Shift-register LH-roﬂ

de ARE FHAIE 4GS B

Bridge7t &5 & Al#tale] B &S o] F2= &7k Shift registeroll A V2= Al 245

N

29} 3 Bit7} Comparatorol &S F&= Aol wl$ F a3y o] Bityr A4 A
HAl AT Pulseg o £ztell A9 M-S Digital FE 2 whpA o
o] £=7r9) A A& L 713 2 Shift register & M o]y} = R-2R network &l
8 dgtezA ZHE

ol Shift register 28 A ¢to] 1 2010 o] YL o F ¥ At} R-2R net-
work Ulol A ol Zold 2 o)lw Comparatorts U& Aol Zero oW "07O. 2
g8 zstel Full ol "1"2 yvehdoh

o] 7% Digital FE = Analog 2139 54 4=

B

A HEE T8 F deH

e Wi o g Analog A3 E 7128 £ U
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2. Recording Current Meter2| Error RE 7D #7

g ApzolAE 1099 o4 RCM & A&t ewA oferial geje) A%E
ol g5kl LM HEE FURAREoY qas dazde v} gl 2
A= AR

1) AL (Battery) o] vl a4 A2} &ZFEA

AFHA ZF AfAelA RCM &2.2 AHE3 AL (Battery) = R 7HAE UE
9l 21 RCM Manufacturerol] A 4§ 4+€ Battery, & =52l 3 0 Unionoll A 42
Battery, =Wl Zd 7)ol 59 FE3 Batterysd 2 7HAE AM&3te] Hpou
a1 A%E thg Table 3, 49k 2ol Yeptth

RCM £ 2| Battery:= Nonmagnetic ©]joF 3% RCM 9] 5 &4l & G 3
28t Ao] Batteryel zabitefot & @Folrh iek Battery 171= 289 °F 10,0007
129l &2o] oy Sampling time2] 7t7Ao] #H &4 Battery AR7F AL E T
L 7HA %ﬁﬂ% AAHoz 90 (V) ol 49 Batterys W A3t zk2 2 Ao] vjug=]7)
AAYL wo] AL A48t 2R ek 7 (V) o8 =2 Down Hojglth

AAg 2ol s AP 6.5 (V] o] ol ® ofF- o] o] glojof &)t o] Z 4| o] &3}
A eI Qe 3k

o~

iy

2Bz Fovt g8t o

2) otd Caseol W Ast7} 9% BRo2 PH T IF

RCM 2 ¢+ Caser + Bbgd@ Al Blgde g & "t S N 250072 = Nickel pla-
o}
Compass®) Error/t #4@ 8@ ol #7h HQov 25 Coppersh 718k ¥l &2l

ting® & A 25 o] 200} (RCM — Techincal Note 1973) F9 2%l d &S wol

319

— A9 —



Table 3 RCM & Battery Test AT}

Type | 2}
| Tudor 9T1 100 % |
I Eveready 276(U.S.A) i not Suitable(Magnetic)
Aanderaa 2,591 76 %
t Novel(Aanderaa) N5118 55 %
% Novel(Aanderaa) N306B 160 %
i * Leclanche 821 120%
EL Aanderaa Alkaline 2531

* 10,000 Samples 100% & & : 1985. B.IO. Test Az}

Feoz AN W] JFote) Ad st N F3F Az AR Hdu
a2y obF = RCM 9 AlFAdo] Steel wire AY AR 2ol ZE3 4Fo] A H =

Fo & Compassol 4 &<S Ft},

3) Z5¢] Encoding <=3t @A 8t AA 7} Compassoll v & &
Encoder= Compass® ¥ ¢ 15cm AE Aol A8 dck. Encodery: #7)
ZIAYolE ZFg AZE & AR o2 Walsly Vane 29 F4olA f2o

%2 Compass7t &3 o] £t 8 HEo 2 °F 1500 gamma?) 24| 7}

™

& 4 ©oh. Keenan, Hartling(1980) @24 Mooring 2| ol A 9] 2] 2} A| o] 2= 3 A B 31}
Encoder®l zt& o] Vector $4 0. 2 213t} Compass error® Z ¥z uelyt 4 9o},
154 o] ol &Aele 572 A< Pulse?} Z

Channelell 10708 EA3tA H2 g ofF FAIZ = i)

N

AL Encoder®) A stdE Ao

4) Fr&ol olste 3] WstE Rotor magneticd A9} 3] AApA 9k Ao st
RCM & %<& Rotor®] 3ol o3t &3t} olw Rotordtehe] Magneticol Ro-

-
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tore} 74 3] A3H RCM W Aol Magnetic 3 A 217} 21 o] Rotor7}t 8] @ stH 2}
Aol o3t FA FHert ol (HEPAH ] F2 FH HJF R oF 1800 gammaE
Compass 2ol 4 &8 n x4 gr}h.(Keenan 1980) W&ol Compass 24 ¢ A &
HE Q%o z Bo Z7A He Ao thA I 717 AlF Ftel EAjs: A
24739} Al 719k Rotor speedoll @2+ 2] Al7] 59 A3 Compass response time

2 RA Zwol ©3}E FA HE Aol

5) Magnetic tape®] Noise

RCM 28 & #4435t B 25Tl 71X &dd Spike7t FF veEbGaL Qlvt.
ol Fo FFOZ = A Sensor7t HEE A 2ot WAFHZ YFoAMo 2E o=
FH £%& Noised) dF= dou A& Tape Holl st A7 Tapes] &5, w3t
FoAA A2 5 A= NoiseZt AE S 4 4o 71502 FA H7] gy Folt)h wpaa,
RCM 71&-& #8] x& <l Magnetic tape ol A= A 7] 2A 5L ol Fo]oF 510
T3 Taped] @ B #4502 Taped] P HE ol &% & Tl dgoz wdy
A& APl GALE & Ab&stoof gt

e g EAY 23 fd 9de S FF Tapexs el ¥l Spoold Fhke]
4 x| 8t} 25 A171t) Data7} Recording Sl A 3kt Spoolell Tape 7t 7H71 Al =l vf of wl
AestdE A2 sFor A8Ha v RFAAE Aok 2o v s

A ste g U1 =y ol Rel HE I

MW
g
o
ox
o
Rl
2
~N
e
du
2
X
1o
47
”
el
hin
'S
=
t

pass?] 22HE FLAI7IH Noiseo] AAL 714 & & = Ave otk W Fol M

f r
AN
i
o
o,
o
>
ol
oo
Of
ok
e
[*]
L
)
=

Tape®] #HF zAE 443 A7+ -

6) AFZIZE T 71719 717} B

AZEAFEA SR AR Vsl FFetdol gtk B8 V179

el
=
=
oo
4
olN
2
ox

BaAs 5279 (398 44 dugts A5 75 B2 do] vl wiolrh
RCM o +%Z ¥ Spindle2] A A7} 4 2ol A 9] 27°9] Deviationol 38 =™ Com-
3

pass® Tilt= FH o2 HE 1200/t) w&ol AF Lineol sifFol 2 A3A 4 7]
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EoJA A s Fo Bao]l Az BEF 4 929 Savonius typed] Rotor7} 7}& 7

o] Speed 9A] ZHAadte WEo =z YehvA B4

of

o

7) e HE) v% % @
RCM o 72 €4 2 Errorl 990 % W3S & gl RS RCM 9 279 249

W3

2ol W3l A4goltt SensorE Replace $1S 7%, Batterye] &ul2 7 A} Tape

=
Ha
2
i
ot
o
ol
e

r
i)
r?
o
&

spools U5 Z38lAl A4 A7l ¥ Top end plated] %
CBAGE E AFE AR g5 Ade 239 dAjlo] E £ glen AlFA RCM #
AF Aol dZFo] A =AY Rotord] AL AESS whz YrtAY 27 e =

Ae T Yo w w3 gyt BEHAEA Hol

3. RCM &} Channel 7iZ= & 3|2 9iA

1) 2% Channel Modifications
Fig. 20(a) Aanderaa Recording Current Meter?] &% &% Hgl A 3 Zojt} WR, ¢
WR,2 &% Range®] d&o] o F2 WR.e WR.S gtell ot Ao} z

—x—'

olelg M= EYPsAE Axpvidol EFFA FA(Epoxy)oll 9 0] 2o} &<t
Aol E7h53lth Fig. 20 (b), (¢)3= Conductivity®} Pressure2] Channel®] 3 &%
ol o] Channel& ol&3da &% T+ Conductivity® Narrow range® 380z
upto] AREE e gl Aolth vk BAAHQl £ Ranged AHEEHA ¢al F&
HAR hEsn Jdow £ =2H3 A 3t RangeE ZA3tooF 3ot ks
Range& F319 (A& 78 Change 3tH) A x3 < Driftt} Noise7t & 71 91 7)
ol FAE A7 Aubel olg q4gg dHYstoiopnt gt

A7 A3 Aol ot g FE& 2 HYE 1(CldAM 4(Cig oy o] H <l
Resolutiona 2F 0.003(Clolt}. A & o) A Noisett Drift & ZFA A A AL 71582 A )

Ao oF 001(C)HeY doge ALHQA A CalibrationS shodor At

Jb

A7 et BE 5L $& 25 Range® vtEF (N 28ke]) 1A o 178 Az

— 53 -



312 7| }(PCB)oIM 2= HE HalA 9 2%o] 7}z atafobrt ghet o] g =2 (7] &)

Uﬂ

2 PCBA A #7+3 Ao +410] BR3H Epoxy® 238 PCB A2 & F4%2

Mzxste Aol 28 A7 F2 olg ol e T AAN =3 HAoker &

o
o

=z

HAE 7beAdE A7l MEY Aok ERFH o R ol MEAdSe AR duH
Terminal 3491 A1 Depth channel Fig. 20 (¢)& @Woj Wi &% Channel¢! WR-2+ WR &
A7A%ch a8 2% ByAZ HFL Terminal 3401 AFHo] WR. ¥ WR.e A
goz 2% RangeZA ME(AA)slo] d & A& Aot}
71 3 270 % (Fig. 20, 21 &%)
A) 8 HALE AlEEA ¥n 2 IdE Az & FS

(1) &2 4o A g8 AAME dojdict,

(2) @& 29 @& 43S AFA U

(3) 2k 15hs} w2 34 Afo]o] W

(4) &2 14be} @2} 34 Aboj o] W

mlm

AN

FAHAM U

mlm

¥ Ao 2w AL FHOZ BE(-2 t0 21 C) Standard Range®

$F weom gre BY A WRS WRol 8 £w7h dle 4 €e

&2
=
F

H1
2
1
it
=
PN
o)
oX
-jo

B) Conductivity channel A}-£ 3} %]

(1) &2 33 @z} 158 P4 S Fojult,

(2) 9= 29 &z 32 AZA3

(3) Channel® ®l9 F3= Channel SW2! 3709] Micro SW ¢218 w% |7
gk} (Solder)

(4) &2 173 %2418 Atole] A3 WR.E wojwich

(5) Conductivity cell& Holui thal WR, A& A4s 5 Celld 94
Dumny2 2=th,

(6) Conductivity cell®] PlugE ™ 71%8% Electric plug $t2toll & th& 2 22-&



WR I} é“ ﬁ WR2

NETWORK
WR4 WR3
-®
(a)
—®
COMP)
3 J\ R-2R
. NETWORK
TO S
7 14 e 3 B
EXTERNAL JUMPER /O
(b)

@ R— 2R
é NETWORK
(c) :

Fig. 20. Channel modification (a) Temperature (b) Conductivity
(c) Pressure
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01% ¢ HAES AZso AHEh(Fig 21 (a)
* 234 2 & Conductivity chg ol &3 258 912 & 2o WR.8 WR.o
olsta] #AA

C) Z+ =4

ha o

o
a
-
‘B
o
=)
fl
M
o
o,
Ho
)
12
=
=
oo
p—t
S
et
PN

(1) &+ 718l Recording headE& wloj it}
(2) Fig.21—-Ce} #o] Zoluf g9 QJIFE A8t F2 21 A EpoxvE # A
e mM pgsE el g g

(3) Fig. 21-C& & FHihoz s Adsln FA B8

M
)
e
o
ol
id
lo

MEE g2 d43t
(4) =2 H AW & 1A Epoxy compound 2 2 # 2 & &1 Recor-
ding head& A %] gc}.
(5) WR.E7 14bst @7} 34 Apolo] AR
(6) WR.¥t7} 15b%h ©ha} 34 Apolo] A7t
% 25 Ranged WSS WR. 2 WR.o 28l AAHARY 53] F2 )0}
A71eF 22 nlige] WiE ¥ ASdde dolk 53 uie} ol

g 7

rlo

i#8 e DamageE & @7t hets] xomz AE7L ool w WAEA

2) HEEEE Range MZE W

Conductivity ranget> 2% Modifications® 22 ¢fth. Conductivityy= & F-o }e}
A= WR- & WR.o} 7+ A 3ol o8t Range7t ¥z} sht H#4 4 22 WR 2 Conducti-
vity?l A RangeS ZA3A dut.

1,000
= , S — o C 21 5} & 21 o
Z, Range' (mmho’cm) WR.T 1,000 X 946019 Factor 94.6& Cell®l 7|38} 29l

2ol o)t AA A= 4ol Z+ Conductivity2] Factore 94.6+1% o] o]t}
1,000
X 94.6

28y WR= Conductivity®] Low pointE ZA = Aoz A

f



WR3

WR2 |
4 ]
3
|
o o©
@
COMP. WR6
P
b | R-2R
(RS D WR5 NETWORK
B
(b)
Pa
\:\4.}‘ cut foll here
S
\
/7 N\
/
<\©%\
/? = / ™ RECORDING HEAD
NEW N [ MQUNTING. PLATE
~
WIRE ~. ® {
~
~ i
N )
cut foll here. N S
A4

Fig. 21. Channel modification (a) Plug change (b) Conductivity circuit

(¢) Cutting methods



(mmho/cm)ol . WR:E 3,000(Q) o424 Z#38t9H Conductivity channel ztoll 7] 3
E= A7) Noise2l €<lo] Hr)

Example : WR.=220(Q)  WR:=Open Range : 0~77 (mmho’cm)

WR:=1000(Q2) WR.=3825(Q2) Range : 25~71 (mmho’cm)
WR.=6000(Q2) WR.=3825(2) Range : 25~38 [mmho/cm)
F9EH

o] A1} 22 RCM ¢ Channel modification& A A Aéjollx &5 @ BT
Wl Zo] A3 ¥e vind AAE Fe)tol e H A AccuracyE L7 A S
Channel®] RangeE &4 Modifiysts] A& 4 71 Uk 28y oleld Aol

AL HAAH FEI TestE AR F AA 3o} et

Table 5 RCM e &l HZHn 2, HMI|MET  Range/81Zgte
e =
Theoretical
Range Resolution Accuracy WR. WR.
—2~21(¢) 0.02(C) +0.15(C) 2,000(Q) 2.000{2)
-2~ 6(C) 0.008(C) Unknown 720(Q) 500(Q)
1~ 4(C) 0.003(¢C) Unknown 260(Q) 195(Q)




A7) Axx

wo|
0 ~ 70 (mmho/cm) 0.07 (mmho/cm) 220(Q) -
22 ~ 64 (mmho/cm) 0.04 (mmho/cm) 1,00000Q) | 3825(Q) |
35 ~ 46 (mmho/cm) 0.01 (mmho/cm) 7,600(02) | 2,703(Q) |
; 31 ~ 42 {mmho/cm] 0.01 (mmho’/cm) 7,600(Q) | 3,052(Q) :
i 30 ~ 36 (mmho/cm) 0.006 (mmho/cm ) 15596(Q) | 3,152(Q) !

* Non—Standard range

4. RCM 2| HuiR 3 & MizhE

RCM 9 #its #= A8
—HHY2 2 RCM o] 2182 At 1dste] o) 7kx G S AR HiFs
T2 G 92 BearingE 3} Zinc anode?] FA® HEERA T 3 HAxpEo 2}
W Sensord] e W2 glo] Ago] T s)rjolnh, e, olei e )
Aoz 199 13 E& 23]0) ZA AA| 3fofdit),
1) Rocker arm bearing®l - & t}.(Sewing machine oil A}-&)
2) Encoder top surface® 7j%o] 3t 71248 3},
a) Cap& A3t Alchohol or Clorothene2 2 Encoder top surface® #Et}.
b) SKF 65 grease® Hxt}
¢) W€ Tissue paper® EHE $Oo® S Grease THo] Yo},
3) Pinch roller®] Bearingd] F#E #t}.(Sewing machine oil AF-&)
4) Pinch roller®] %¥ Check® #t}.(500 (g)+100 B =H)
5) Upper spool holder®] B.#o]= Check(85 (g* cm)+15)

6) Pressure sensor ¢+oll Silicone oil& &t}



(Hypodermic syringeZ AM-43ted Dow Corning Silicon oil DC 200, 6000 Centistoke
g F

7) Lower rotor bearing 33|

8) HAH RE ZE(Tectyl 506 screw AME) .

9) Magenetic tape®] B HC Cleaning(AH4 < o7 Y3l Bulk eraser AHS)

FAA g

— 53] 1HHA Tools AHE3A &3 Encoder switching ping ¥ X273

— Encoder cap& AlAl wioz Edx ZA

— Test FolY e A A2 2 Channel selector SWE Channel AFolol A F 2] 3}
=g & A

— 7171401y FZolA Setting & LAI Adjust® screwE S A DA

— Aceton =+ Thrichlorethylene® Ab&3td 71718 @4 @A

— Recording %ol Tape Y Spoolel && tjx] A

* RCM Check List 3=

5. RCM BE 2 [\ FolArgt

7H) BEHK

RCM—4/59] 7122 BZ /Kol A 2 U-typedt I-type(Fig. 1 =) 9] 5 727}
Aow Fgo wet 71719 AP S E017] 93 U-typed 282 Wtypert e
g ol& U-typedltt & shviel EA 28 o] 43 yojn}
U-typet W-typeo] AlFE AslolA 23d whoz o]853 glon o wye
AT 4 Fgol &0l 1, Acoustic release systemo] §10] A F & = k= Ao
Aok £ Bl FAFOZ GolHE A AAA FARAL [type BT 4o} 2,
U-type®] 7% (W-type = v}3t712] oA qh) AlF 9t 3|5:A19) &) HolAoly 3



F4o A 2 Ao 2L nHICH BEKE (Mooring line) & 7Hs 33k 7hd

AT Bark dou N7 RAAd R OREES aesE A8 BERe a1
A

=

EAQAA I8, 997) BAE 717 AR AGS 2L} obF Fafjo

rlr

7= A
Eatn Qe Foloh(H 81, 34 86)

I-type AFE F2 AdloA 4o @A Glol Acoustic release systemE A}-E-3}
A sE dhgolt), o] Wil & thA] KB (Surface mooring) % % Al F (Subsurface
mooring) 2 {EFEE (Bottom mooring) &} 37kx 71 EHQ Wygoz L&)

old typed] AFE stoigtE slFF 2 717], Hol € 2= & /K& 2% Drag forceE
BAEY weld 71718 ke 9K, 43t FAG A Fe) A= g 9
l=Ax 71717t AAAA Bo2H A8 FFEE Foj=E Ayt €d. dA)
ZAE $HE HEE FF AF oY AFZNE gloH oo Ug BT AT
AEZ} 2830

) BEA 71719] Setting@ Bitg At @

71718 @A AX3t7] Aol A¥AolA BE 7153 #Fod g HALE ¥4l
A AA o 3t HE HAA G A2 A7) E o] Z o} BatteryE Zot ¥ dl H
o] Z = 40~50(cm) (F 208 H)E w2 ZobFH Tape spooldfl € WH=A] 7171 EE
T3 Labele B9 ETH AFNAM AFA A FAzAsE & AAFL g7 2o
RE A WrEA opgel Fik s Fojok drh

(1) TesterZ #3152 A& Wl AA ¢ktS ®l(Load and open load) ¢ Battery
BES B3 H(Open load A 9(V]) ©4, 100(Q) load Al 15 (V] o4
AetbEst glg )

(2) Rotor counter® Data sampling interval clocke H#Jol 24 Setting@ct.(4
F4A vlg Setting StEF 38 AFAAME A FAdc})

(3) 2% (Top end plate) ol ff#& B 2+ Sensore] “3#l. Electronic board terminal
7} Sensor ¢}o] HEKES S St AT



(1) 1,2),3)9 € Zei7t ¥38td A5 Fejrt =S 7]719 FFHA
A+ ARSI 29 K8 Ach.(A 79 Integration timeS L8t 3=
Al ZtH e} Integration timed) 1/2 YoM 29X E A Aol A5 A
A st}

(5) 239 A7 AU E B4 AF S H& 23] ofF < Foh

(6) ZEo] oliol givtz AogA WY (Oring) ol A &8 2(Silicon
grease) & $FAl 918 ¥ B A Case(Pressure case) o ¥ 1L C-Clamp® 178 gt}

(7) A2 33273 (Vane assembly) & 923 ch-F A F 4ol Spindled] FE ]
AAZ) oly W= By A (Gimba) & BE 29 FHE FAIT.

(8) AA AR AFZHE {EA7E B F717] AFF 2SS FAst opFol
7128e AFAA, 713 2 A3 H S obgel /A JIEs Eoh

) A A - 2AAE

(D #&A9 35 NS B 723

(2) Aol 58 71719 JFHA /T E F% A F FILAES
EERCE

(3) FEA) B8 257 M BE AP 79 229 2old o 74x 71718
AT 7|,

g

AAE W7 Aol viA g 715 AT
g op ol 7)1 E ek whoF @A thAl AHEE ot glud AN

(4) F&AE 9432 29X E Y 2938 e AR A7 ALt #e
].

E
ox
:°.‘=
rlr
S
29
oy
lo
)
l>

mlo

EAE EALL AYPLR 7IAAA FEAE 93 2AAE FH.

_?‘_
(5) FNA FEAS 9YTE HOIZE 40~50(cm)FE © T og &

fo

ol E Atk Tape spoold #AAF F Caseoll ¥ LabelS EIt}. 22y
o] A% of7 AhA TapeE AR T &S 2ol 1A/ F A2

4R AALE Zol B AUEE £ £F 799 A% JFL ol



7158 A7 42 E ZlsAdol B2 W&ol

(6) 34 ®HlolZ+= 7153 ®a Aanderaa tape readero] ZolA ¢lx & g},



9 H#

o
[

$F38

F&A oA 7h ol Ab&sta el Al Gs3ted 2l RCM & o &g ol & 7 -

o

A3, E @FdA AAD 28 28l a8l veEhd vt 435S F

}_

RTiA

2

¢EA8Y Errorel 9d& R7HAZ2 & sk siFFod AV AR

o 2 7} A] ParameterZ z}7z}tel SensorE ol & 94302 A& Agste

ol
3
alt
flo

749 #geN v AFE 1A F& F e Ao
£ A7 FolAM Jebd 271 Error source®
1. Geomagnetic fieldet W59 Az13 2 L 714 4 (Tape spool® Drive motor, Enco-
der, Nonmagnetic battery, Rotor magentic &)oll4} ®] 2= Magnetic field <}t
2. RCM 9] A% 71% 2 Handling miss(Lab. ol Check £%) 18|11 & 7ol F&=
B34 2 TEE 4 Uth
— 71719 AE5A tAl Thotsta o]sfsfof &t

£ AdS A7 g0 Ase 99 ¢ Error ¥ w4% 7%

1o o
o
o4

tlo
oX

]
=]

%

=
w5

O

— 1719 $4& AP IREZ AYsT P stelol Bk,
W4 714 RCM & A7) Memory3 2.2 7l 23he %A g BT Yoy 29
Hol glol ool ¥ P9 S|RAZ WL i Shisted Mol EHL Y

kel FEAR AZSAL AR Arse Aol BAel stz e

2}

T

19843 o] 3 1988 A 7FA] oF 51 A ZF M AN R RCM Y A - i A 2588 Egf 2
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Appendex 1

Aanderaa Current Meter
(Mechanical Check Sheet)

RCM
Serial No.

Inspector

. Pressure case checked for corrosion and cleaned.
. Top and bottom ortor pivotes checks and excessive

. Rotor cleaned and check for cracks and free

movement (0.1~0.5(mm)).

. Conductivity cell free of marine growth and cleaned.

. Zinc anode installed.

All screws on electronic board checked.

. Compass checked for oil leaks and that it ortates

frelly pass 10° tilt.

Check tension on the pinch rollor of the tape
transport approx (500(g) +100(g)).

Check that remainder of the tape transport is
functioning properly.

Clean recording head and tape transport.
“0” ring cleaned.

Check encorder rocker arm pivot and the top of the
encoder magnet for grease oil and clean.

Remove channel selector switch from well, clean
contacts and re-grease.

Check the encoder motor leads.
Coated safety wire installed on rotor.

Ensure bottom end cap is tight and electrical tape
is on the rubber base.

Check vane assembly.

Date

Signature
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Appendex 2

Aanderaa Current Meter
(Electrical Check Sheet)

Serial No.
Inspector
Average current draw while not encoding (mA)
Average current draw while encoding o (mA)
Performance Tests
First Run ¢ With 100 ohm in sea water loop and
orientation block facing East.
Second Run : With 1000 ohm in sea water loop and
orientation block facing west and after
rotor has been turned revolutions.
Dividing factor spected_
Readings
Channel No. 1 2 3 6
1st Run
2nd Run
Check resistance of recording head(pin 25-26) approx 60()
Check regulated 6 volt power supply voltage
(Batt-Board # 24) V)
Install new main battery. Battery voltage(open loop) (V)
Install new main battery. Battery voltage(100 ohm load) o (v)
Clock function power switch on h m
1st triggering h m
2nd triggering h m
Install reel of deguaussed tape
Install bag of dry dessicent
Encoder check
Measure contact resistance of encoder pins should be
less than 0.1 ohms — -
Measuring the resistance between terminal(e) and (d),
while disconnected. (1010101010 (0.9 kohm) v (kohm]
(0101010101) (0.8 kohm) _(kohm)

— ()7 —



Appendex 3

Aanderaa instrument
Check-Out List RCM.
Serial N

Visual and Mechanical Checks
Epoxy coating intact (especially near conductivity cell) {] Comments:

No corrosion, O-ring groove pressure case SO P R PRI
No corrosion, other parts R PUY
No marine fouling(especially in bore of conductivity cell) T} ...
Zinc anode installed PO PURUPRIN
Rotor end play(0.1—0.5{mm}) U U USRS PRORY
Rotor threshold check S SO TRUUTRRY
Pressure sensor oil filled L NPT
Upper spool brake, normal L e e
Pinch roller pressure. normal [0 Date..ooooevnennnnnnns Signature............

Performance Tests(to be carried out with test battery and Printer 2152 connected)
First run, with 100(Q] in sea water loop and orientation block facing east. Second run, with 1000
(Q) in sea water loop,

orientation block facing west and after rotor has been turned ......... revolutions.
First Run Second Run Comments :

No_| Reading |“GRM™ | Ko | Reading [FGRP€|
1 L
2 2
3 3 L
4 A
5 O
6 6 |

To decide whether a reading 1s O.K. compare with calibration sheet.
Duration of each measuring cycle ......... O.K., if within+1 second of value stated in Test and
Specification Sheet{Form No. 160) following each new instrument.
Clock function : Power switched on ......... hour ......... minutes. Acoustic Oscillator O.K.
First triggering ............... hour ......... minutes.
Second triggering -........... hour ......... minutes.
Date ............ Signature ..................

Deplovment Preparations
Recording head. capstan shaft and tape guiding parts cleaned "]

Fresh battery installed __  Type .............. Open loop voltage ......... Voltage with 100fQ Load......
Tape threaded according to instructions =~ Tape demagnetized

Lower tape spool labeled ........................

Time of first measurement ...... day ...... month ...... year ...... hour ...... minutes GMT LT

O-ring inspected, cleaned and greased _’
C-clamps tightened ~

Date ............ Signature ..................
Retrieval Phase
Recording unit cleaned and rinsed in fresh water '’
Time of last measurement ...... day ...... month ...... year ...... hour ...... minutes _!GMT [ LT
State Of reCOrdING UMMt ...ooiiiiiii i e e e et
Date ............ Signature ..................



£t 11251 (Reference)

Aanderaa Instrument 1984 Operating manual for recording current meter Model 4 5

Jun H. K 1981 Experiments on current meter mooring in shallow waters
Bulleing of KORDI 3 : 43-52

Bovce. R 1982 Calibrations of conductivity and Temperature for the
RCM —5 Canadian Technical Report of Hvdrography and
Ocean Science No. 1

Hartling, A.] and Hendry, R M
1978 Direction errors incluced by case magnetization for the
RCM —5 Exposure 6 (No. 3) . 4p

Hartling, A. ] and Jun H. K
1986 Review of mooring technology and instrument maintena-
nce on physical Oceanographic equipment Unpublished
Report, UNDP'ROK 82 010 85p

Keenan, P. B 1979 Sources of compass error with in the RCM, revised 1979,
BIO Report Series BI-R-79-6  70p

Keenan, P. B 1979 Possible compass errors caused by magnetic tape in
RCM © Bedford Institute of Oceanography, Data Report,
BI-D-79-7 © 29p

P.C Smith. T, R. Foots & R. Boyce
1978 In situ calibration of Temperature and Salinity for the
RCM —5 Bedford Institute of Oceanography Report series
BI-R-78-7  50p
Bovce. R 1985 Conductivity cell calibration drift of the RCM
unpublished Technical Report BIO

Advances in underwater technology and off shore engineering Vo 4
1985  Evaluation, Comparison and calibration of Oceanographic
Instruments published bv Graham & Trotman Ltd.

Union Engineering Ltd, 1983 Propeller style current-speed meter (P-RCM) for surface-
area measurement (Aanderaa improved version with
Duct) Unpublished . KOBE JAPAN
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Table BHEMEHR 2% RCM Z4 - 1™ X2 (1984~1988)

=R [ 5] = | Cablibration 3 5 l. ‘

0 | | *’tl
’ N l "84 ’ 85 '86 87 ' '88
RCM'&%J i : 7
Serial NoX| T|C|P|A|T|{CIP|A|T|C|P|A|T|C|P|A|T|C|P]|A
Ill3823 1 1 1 1l2
,[zl4097 111113 | | | ‘3
!3 4188 L . 2 214 | l l !4
[4!4757 | . | | 111 11112 111 4—!
!5!4761! | 111 2 1 113
!6!5513! | d1l1t1l3 | !1 !1 4!
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‘8!5515!1[ 1[1‘ I 1 |3|
AFEEEBEEREEREEEREBREREE
l10] 5517 | Dl Tale e st 1 a7
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|

|
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|
|
l
|

|
|

|

|

| N
LT LT T T T
EEEREERDBRER
|
|
|
|
|

lll! 5518 ’

[12! 5537 I

[T
1l

N

l14l 5666 l

|
|
|
‘13‘, 5665 [ l
1
|

T T LG T
T |

llslsem! ‘1' , 1

N s

,[16! 7019 I |

|
|
|
|
|
|
|
|
|
|
|

|
EBRBN
|
|

|
’17!7020[1! 1] | SRRNE 1 |1!2!8—l
|¢ ﬂ]!zl F 2|4 1!2,718!121747 11116 |3I9!66—!
: . i 1 . .
* I Parameter T ! Temperature

C : Conductivity
P Pressure
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RCM—4
Parameter
Serial No.

Calibration Date: 1986. 2

Calibration Data Sheet
. Temperature (T1)
. 3823

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value

1 0.994 40 1.000 0.006
2 4991 156 4981 ~0.010 -
3 9.980 309 9.975 ~0.005 -
4 14.991 470 15.010 0.019
5 19.997 633 19.989 —0.008
6 24.999 797 24.995 —0.004
7 29.920 955 29.923 0.003

Formuals . Temperature (C) = A+BXN+CXN!+DXN?

Coefficients

A B C D
—4205E—1 3584 E—2 —8497E—6 4433E—-9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T2)
Serial No. . 3823
Calibration Date: 1988. 9 30
Index Calibljation RCM—4 Correction Error Remark
Point N Value
1 1.020 40 1.021 0.001
2 5.017 156 5.016 —0.001
3 10.023 309 10.018 —0.005
4 15.023 469 15.024 0.001
5 20.023 633 20.034 0.011
6 25.024 796 25.012 —0.012
7 30.010 956 30.014 0.004
Formuals : Temperature (C) = A+BXN+CXN*+DXN?
Coefficients
A B C D
—4.056 E—1 3602E—2 —8835E—6 4644 E—9
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wm O

.C.M.-4 temp.[De

R
o

()V)
O

—
=1}

R.C.M.-4 S/N 3823

W TR U S T S S N R UL NS W WU W S SHNS UV R FUN N
+—t ot

ST TR TR

Standard temp.[Deg ]




RCM—4
Parameter
Serial No.

Calibration Date: 1986. 2

Calibration Data Sheet
. Temperature (T1)
. 4097

Index Calibfation RCM—4 Correction Error Remark
Point N Value

1 0.994 37 0.994 0.000
2 4.987 153 4.988 0.001
3 9.993 306 9.991 —0.002
4 14.995 466 14.995 0.000
5 19.995 630 19.999 0.004
6 24.995 794 24.991 —0.004
7 29.996 955 29.997 0.001

Formuals : Temperature (C) = A+BXN+CXN+DXN?

Coefficients

A B C D
—3243E-1 3594 E—2 —8676 E—6 4487E—9
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RCM—4 Calibration Data Sheet
Parameter . Conductivity (C1)
Serial No. . 4097
Calibration Date: 1986. 1 30
Calibration RCM—4 Correction
Index Error Remark
Point N Value
1 0.000 0 0.005 0.005
2 46.530 609 46.491 —0.039
3 49.540 649 49.544 0.004
4 53.330 699 53.361 0.031
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
4775E—3 7633 E—2 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter . Pressure (P1)
Serial No. . 4097
Sensor S/N 1 50539 - 40
Range . 200 psi
Calibration Date: 1986. 1 23
Calibration RCM—4 Correction
Index ) Error Remark
Point N Value
1 2.108 182 2.082 —0.026
2 4.050 312 4.064 0.014
/
3 6.070 445 6.092 0.022
4 8.090 576 8.090 0.000
5 10.111 709 10.118 0.007
6 12.132 840 12.115 —0.017
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—6930E—1 1524 E—2 0.000 0.000

_.83 —
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RCM—4

Parameter
Serial No.
Calibration Date: 1986. 2

Calibration Data Sheet
- Temperature (T1)
- 4188

Index Calibr.ation RCM~14 Correction Error Remark
Point N Value

1 0.994 40 0.997 0.003
2 4991 156 4.981 ~0.010
3 9.980 309 9.991 0.011
4 14.991 468 14.988 ~—0.003
5 19.997 631 19.990 ~—0.007
6 24.999 795 25.005 0.006
7 29.920 953 29918 —0.002

Formuals : Temperature (C) = A+BXN+CXN/+DXN?

Coefficients

A B C D
—4215E—1 3578 E—2 —7988E—6 4.038E—-9




RCM—4 Calibration Data Sheet
Parameter : Temperature (T2)
Serial No. 4188

Calibration Date: 1986. 8 . 27

Index Calibljation RCM—4 Correction Error Remark
Point N Value

1 0.995 40 1.012 0.017
2 4.992 155 4.960 —0.032
3 9.995 309 9.996 0.001
4 14.996 469 15.018 0.022
5 20.009 632 20.018 0.009
6 25.013 794 24.983 —0.030
7 30.008 955 30.020 0.012

Formuals : Temperature (C) = A+ BXN+CXN*+DXN?

Coefficients

A B C D
—4064 E—1 3578E—2 —8191E—6 4268 E—9




R.C.M. -4 temp. [Deq]

Error [Deg]

R.C.M. -4 S/N 4188

- /
[

— = N W
c o o B &

0}

Te) (@) o
@) l9] O S g\J) 2

Standard temp. [Deg]

0.040
0.035 - .
0.030 N
0.025 -

0.020 ' '\

0.015 ‘\

0.010 _ / /
ooost \ K N\~

-0.005 0 5 b o X /‘%

-0.010 \ / \
oost \/

-0.025 \ / \ /

-0.030
-0.035
-0.040 Temperature [Deg]

—_ 87 —



RCM—4 Calibration Data Sheet
Parameter . Pressure (P1)
Serial No. - 4188
Sensor S/N 51169 - 70
Range : 500 psi
Calibration Date: 1986. 1 24
Index Callibl())rizrilttion RCI\N/I —4 Co;;eifl‘iion Error Remark
1 2.029 100 2.084 0.055
2 4.050 153 4.088 0.038
3 6.070 206 6.092 0.022
4 8.090 257 8.021 —0.069
5 10.111 311 10.062 —0.049
6 12.132 365 12.104 —0.028
7 14.152 419 14.146 —0.006
8 16.172 470 16.074 —0.098
9 18.193 527 18.230 0.037
10 20.213 582 20.309 0.096
Formuals . Pressure (kg/cm’) = A+BXN
Coefficients
A B C D
~1.696 3.781E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range
Calibration Date: 1986. 8

Calibration Data Sheet
> Pressure (P2)
. 4188
: 51169 - 70
- 500 psi

Index Cal}i)iz)riittion RCI\N/I —4 Co\r/;eiclgon Error Remark
1 2.029 148 1.888 —0.141
2 4.050 200 3.908 —0.142
3 6.070 255 6.045 —0.025
4 8.090 306 8.027 —0.063
5 10.111 360 10.125 0.014
6 12.132 414 12.223 0.091
7 14.152 467 14.283 0.131
8 16.172 521 16.074 0.209
9 18.193 574 18.440 0.247
10 20.213 630 20.616 0.403
11 22.652 681 22.597 —0.055
12 24.922 737 24.773 —0.149
13 27.191 790 26.833 —0.358
14 29.460 841 28.814 —0.646
15 30.566 895 30.912 0.346
16 32.835 948 32972 0.137
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—3.862 3885 E—2 0.000 0.000

— 89 _—




Error [kg/cnid

press. [kg/cri]

R.C.M.-4
o

20 1

R.C.M-4 S/N 4188

Sensor S/N 51169—70 Range: 500 Lpsil

S

I S Sy

" . :

0.807
0.60 ¢
0.40 ¢
0.20 %

a S

0

5 :
N

Standard press. [kg/cnil

0.00
O

-0.201

-0.40
-0.60
-0.80!

Pressures [kg/cm]



RCM —4

Calibration Data Sheet

Parameter . Conductivity (C1)
Serial No. - 4757
Calibration Date: 1986. 1 29
Calibration RCM—4 Correction
Index Error Remark
Point N Value
1 0.000 0 0.005 0.005
2 46.508 601 46.465 —0.043
3 49.563 641 49.558 —0.005
4 51.756 670 51.799 0.043
Formuals . Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
4626 E—3 7730 E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range
Calibration Date: 1985. 2 . 22

Calibration Data Sheet
. Pressure (P1)
- 4757
50539 - 16
: 200 psi

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 2.039 233 2.033 —0.006
2 4.078 364 4.080 0.002
3 6.118 495 6.126 0.008
4 8.157 625 8.156 —0.001
5 12.236 886 12.233 —0.003
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.605 1561 E—2 0.000 0.000
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RCM—4

Calibration Data Sheet

Parameter . Pressure (P2)
Serial No. - 4757
Sensor S/N 150539 - 16
Range : 200 psi
Calibration Date. 1986. 1 24
Calibration RCM—4 Correction
Index ) Error Remark
Point N Value
1 2.029 227 2.029 0.000
2 4.050 358 4.047 —0.003
3 6.070 491 6.095 0.025
4 8.090 619 8.066 —0.024
5 10.111 751 10.099 —0.012
6 12.132 884 12.147 0.015
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.466 1539 E—2 0.000 0.000

— 94 J—




RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Date: 1988. 10

Calibration Data Sheet
. Pressure (P3)
. 4757
1 50539 - 16
. 200 psi

Index Calibfation RCM—4 Correction Error Remark
Point N Value
1 1.043 102 1.038 —0.005
2 2.036 166 2.032 —~0.004
3 3.073 233 3.073 0.000
4 5.093 362 5.077 --0.016
5 7.114 495 7.144 0.030
6 9.132 624 9.148 0.016
7 11.155 753 11.152 ~—0.003
8 13.175 882 13.157 —0.018
Formuals : Pressure (kg/cm’) = A+BXN
Coefficients
A B C D
—5473E~—1 1553 E—2 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter : Temperature (T1)
Serial No. 4761
Calibration Date: 1986. 5 20
Index Calibfation RCM—4 Correction Brror Remark
Point N Value
1 1.004 38 1.010 0.006
2 4.994 154 4.983 —0.011
3 9.996 308 9.993 -0.003
4 14.997 469 15.009 0.012
5 19.999 633 20.000 0.001
6 25.001 797 24.990 —0.011
7 29.999 958 30.004 0.005
Formuals : Temperature (C) = A+ BXN+CXN*+DXN’
Coefficients
A B C D
—3360E—1 3575E—2 —8588E—6 4514 E—9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T2)
Serial No. 14761
Calibration Date: 1988. 9 30
Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 1.020 37 1.023 0.003
2 5.017 154 5.014 —0.003
3 10.023 308 10.016 —0.007
4 15.023 469 15.033 0.010
5 20.023 633 20.026 0.003
6 25.024 797 25.014 —0.010
7 30.009 958 30.013 0.004
Formuals . Temperature (C) = A+BXN+CXN!+DXN’
Coefficients
A B C D
—2810E—1 3553 E—2 —8127E—6 4220E—9
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RCM—4
Parameter
Serial No.

Calibration Date: 1986. 1

Calibration Data Sheet
» Conductivity (C1)
. 4761

index Calibration RCM—4 Correction Error Remark
Point N Value
1 0.000 0 0.002 0.002
2 46.682 613 46.638 —0.044
3 49.624 653 49.681 0.057
4 53.271 700 53.257 -0.014
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
1672E—3 7607 E—2 0.000 0.000

100 -
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RCM—4
Parameter
Serial No.

Calibration Date:. 1986. 2

Calibration Data Sheet
. Temperature (T1)
. 5513

Index Calibr'ation RCM—4 Correction Error Remark
Point N Value

1 0.998 37 1.005 0.007
2 4.987 153 4973 —0.014
3 9.993 307 9.996 0.003
4 14.995 467 15.005 0.010
5 19.995 630 19.991 —0.004
6 24.999 794 24.994 —0.005
7 29.994 955 29.997 0.003

Formuals : Temperature (C) = A+BXN+CXN*+DXN*

Coefficients

A B C D
—3015E—1 3559 E—2 —7931E—6 4063E—9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T2)
Serial No. - 5513
Calibration Date: 1986. 9 27
Index Calibrvation RCM—4 Correction Error Remark
Point N Value
1 1.023 37 1.024 0.001
2 5.015 153 5.014 —0.001
3 10.017 306 10.015 —0.002
4 15.021 466 15.023 0.002
5 20.026 630 20.030 0.004
6 25.030 794 25.025 ~0.005
7 30.028 955 30.030 0.002
Formuals : Temperature (C} = A+ BXN+CXN+DXN*
Coefficients
A B C D
—2919E—1 3587E—2 —8511E—6 4.387E—9
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RCM—4 Calibration Data Sheet
Parameter . Conductivity (C1)
Serial No. . 5513
Calibration Date: 1986. 1 28
Calibration RCM—4 Correction
Index ) Error Remark
Point N Value
1 0.000 0 —0.005 —0.005
2 46.972 611 47.012 0.040
3 48.612 632 48.627 0.015
4 51.756 672 51.705 —0.051
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
—4512E—3 7694 E—2 0.000 0.000

— 105 —




cond. [mmho]

R.C.M.-4

[mmho]]

Error

997

301

R.C.M.-4 S/N 5513

45

45

0.107
0.08t

0.06;

0.04
0.02

O
n

Standard cond. [mmho]

Ci

BN

0
e}

0.00
-0.02]
-0.04;
-0.067
-0.08;

45

-0.10°

Conductivity [mmho]

— 106 —

55



RCM—4

Calibration Data Sheet

Parameter : Pressure (P1)
Serial No. - 5513
Sensor S/N 51169 - 10
Range : 500 psi
Calibration Date: 1986. 1 23
Index Calfi)t();ittion RCI\;II —4 Co\r,;elﬁtéon Error Remark
1 2.029 126 1.946 —0.083
2 4.050 180 4.053 0.003
3 6.070 231 6.044 —0.026
4 8.090 286 8.190 0.100
5 10.111 336 10.142 0.031
6 12.132 390 12.249 0.117
7 14.152 438 14.122 —0.030
8 16.172 489 16.113 —0.059
9 18.193 540 18.103 —0.090
10 20.213 595 20.250 0.037
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—2971 3902E—2 0.000 0.000
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RCM—4

Parameter
Serial No.
Calibration Date: 1986. 2

Calibration Data Sheet
. Temperature (T1)
: 5514

Index Calibr'ation RCM—4 Correction Error Remark
Point N Value

1 0.986 39 0.983 —0.003
2 4.981 154 4.991 0.010
3 9.988 307 9.976 —0.012
4 14.994 468 15.002 0.008
5 20.005 632 20.002 —0.003
6 24993 796 24.994 0.001
7 29.493 941 29.493 0.000

Formuals : Temperature (C) = A+BXN+CXN*+DXN?

Coefficients

A B C D

—3275E—-1 3571E—2 —8355E—6 4330E—-9
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RCM—4 Calibration Data Sheet
Parameter » Conductivity (C1)
Serial No. . 5514

Calibration Date: 1986. 2 . 4

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 0.000 0 —0.019 —0.019
2 40.260 520 40.346 0.086
3 45.088 581 45.081 —-0.007
4 51.468 663 51.446 ~0.022
5 53.968 695 53.930 ~0.038
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
—1946 E—3 7762E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range
Calibration Date: 1986. 1 . 22

Calibration Data Sheet
. Pressure (P1)
. 5514
. 51726 - 50
1 200 psi

Index Calibr‘ation RCM—4 Correction Error Remark
Point N Value
1 2.029 187 2.051 0.022
2 4.050 318 4.044 —0.006
3 6.070 450 6.053 —0.017
4 8.090 | 583 8.077 0.013
5 10.111 716 10.101 —0.010
6 12.132 851 12.155 0.023
Formuals : Pressure (kg/cm’) = A+BXN
Coefficients
A B C D
—7947E—1 1521 E—2 0.000 0.000

._I‘s._




R.C.M.- 4 S/NS33514 :
Sensor S/N 51726-50 Range: 200 [psi]

/

4

R.C.M.-4 press. [ kg/cm]

0 — ——y
' —+ '

o ) o
Standard  press. [kg/cm]

0.10 .
0.08 |
0.06 |
t‘vg 0.04 |

o 0.021 /
— 0.00 | 4\ . N _

Pt

k

5-0.02] e ——27
“_0.04 Pressures [kg/cni]
-0.06 |
~-0.08 .
-0.10 1

—114 -



RCM—4 Calibration Data Sheet
Parameter . Temperature (T1)
Serial No. . 5515
Calibration Date:. 1984 . 7 16
Calibration RCM—4 Correction
Index Error Remark
Point N Value
1 3.790 124 3.816 0.026
2 5.090 161 5.051 —0.039
3 9.900 311 9.921 0.021
4 14.840 468 14.830 —0.010
5 21.010 761 21.012 0.002
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
—4455E—1 3517E—-2 —6908 E—6 3.201E—9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T2)
Serial No. - 5515
Calibration Date: 1985. 11 6
Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 0.559 25 0.563 0.004
2 4.991 153 4975 —0.016
3 9.990 307 10.000 0.010
4 14.994 467 14.997 0.003
5 19.996 631 19.996 0.000
6 25.000 795 24.992 —0.008
7 29.999 956 30.009 0.010
Formuals - Temperature (€] = A+BXN+CXN*+DXN*
Coefficients
A B C D
—3287E—1 3588 E—2 —8700E—6 4557E—9
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RCM—4

Calibration Data Sheet

Parameter > Conductivity (C1)
Serial No. . 5515
Calibration Date: 1986. 2 4
Calibration RCM—4 Correction
Index Error Remark
Point N Value
1 0.000 0 —0.001 —0.001
2 40.260 521 40.275 0.015
3 45.088 583 45.068 —0.020
4 51.468 666 51.484 0.016
5 53.968 698 53.958 —0.010
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
—1234 E-—3 7730 E—2 0.000 0.000
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RCM—4
Parameter
Serial No.

Calibration Date: 1988. 9

Calibration Data Sheet
. Temperature (T1)
. 5516

Index Calibljation RCM—4 Correction Error Remark
Point N Value

1 1.02 38 1.019 —0.001
2 5.017 154 5.021 0.004
3 10.023 307 10.020 —0.003
4 15.023 467 15.015 —0.008
5 20.023 632 22.041 0.018
6 25.024 795 25.010 —0.014
7 30.010 955 30.014 0.004

Formuals : Temperature (C) = A+BXN+CXN+DXN?

Coefficients

A B C D

—3400E—1 3611E—2 —9.200E—6 4890E—9
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RCM —4

Calibration Data Sheet

Parameter . Temperature (T1)
Serial No. : 5517
Calibration Date: 1986. 2 15
Index Calibr'ation RCM—4 Correction Error Remark
Point N Value
1 0.986 31 0.990 0.004
2 4981 146 4972 —0.009
3 9.988 299 9.991 0.003
4 14.994 459 15.000 0.006
5 20.005 623 20.001 —0.004
6 24.993 787 24.991 —0.002
7 29.493 932 29494 0.001
Formuals : Temperature (C) = A+BXN+CXN*+DXN?
Coefficients
A B C D
—1202E—-1 3609 E—2 —9.051E—6 4734 E—9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T2)
Serial No. . 5517
Calibration Date: 1986. 5 20
Index Calibr'ation RCM—4 Correction Error Remark
Point N Value
1 1.004 31 1.009 0.005
2 4994 146 4.984 —0.010
3 9.996 299 9.997 0.001
4 14.997 459 15.003 0.006
5 19.999 623 20.002 0.003
6 25.001 787 24.992 —0.009
7 29.999 948 30.002 0.003
Formuals : Temperature (C) = A+BXN+CXN+DXN?
Coefficients
A B C D
~9927E—2 3602E—2 —8975E—-6 4709 E—9
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RCM—4

Calibration Data Sheet

Parameter . Conductivity (C1)
Serial No. : 5517
Calibration Date: 1985. 1 28
Index Cal}i)t;t;ittion RCI\N/I 4 Co\r,rae;ﬁtéon Error Remark
1 12.660 12410 12.649 —0.011
2 20.870 20.280 20.931 0.061
3 25.760 24.900 25.694 —0.066
4 38.350 37.540 38.349 —0.001
5 39.450 38.600 39.385 —0.065
6 40.860 40.190 40.932 0.072
7 41.250 40.570 41.300 0.050
8 41.760 41.100 41.813 0.053
9 42.370 41.710 42.403 0.033
10 42.860 42.160 42.837 —0.023
1 43.450 42.690 43.347 —0.103
Formuals : Conductivity (kg/cm) = A+BXN
Coefficients
A B C D
—8433E—1 1.108 0.000 0.000
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RCM—4
Parameter
Serial No.

Calibration Date: 1986. 1

Calibration Data Sheet
. Conductivity (C2)
. 5517

Index Calibration RCM—4 Correction Error Remark
Point N Value
1 0.000 0 0.002 0.002
2 46.508 606 46488 —0.020
3 49.563 646 49.556 —0.007
4 51.756 675 51.781 0.025
Formuals . Conductivity(mmho/cm) = A+BXN
Coefficients
A B C D
2359 E-3 7670 E~-2 0.000 0.000
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RCM —4

Calibration Data Sheet

Parameter . Pressure (P1)
Serial No. . 5517
Sensor S/N 151167 - 18
Range - 100 psi
Calibration Date: 1986. 1 24
Calibration RCM—4 Correction
Index ) Error. Remark
Point N Value
1 1.019 193 0.967 —0.052
2 2.029 333 2.057 0.028
3 3.040 464 3.076 0.036
4 4.050 593 4.080 0.030
5 5.060 717 5.046 —0.014
6 6.070 845 6.042 —0.028
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—5351E—1 7.783E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Data Sheet
. Pressure (P2)
. 5517
$ 51167 - 18
: 100 psi

Calibration Date: 1986. 12 . 15

Calibration RCM—4 Correction
Index Error Remark
Point N Value
1 2.029 338 ' 1.871 —0.158
2 4.050 596 4.167 0.117
3 6.070 849 6.417 0.347
4 8.209 1016 7.903 —0.306
|
Formuals . Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.135 8896 E—3 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Data Sheet
. Pressure (P3)
1 5517
© 51167 - 18
- 100 psi

Calibration Date: 1988. 6 . 18

Index Calibfation RCM—4 Correction Error Remark
Point N Value
1 0.000 47 —0.145 —0.145
2 0.514 120 0.450 —0.064
3 2.029 326 2.129 0.100
4 4.050 586 4.248 0.198
5 6.070 840 6.318 0.248
6 8.090 1016 7.753 —0.337
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—5280E—1 8.150E—3 0.000 0.000
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RCM—4

Calibration Data Sheet

Parameter . Temperature (T1)
Serial No. . 5518
Calibration Date: 1985. 11 7
Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 0.560 26 0.570 0.010
2 4.993 153 4978 —0.015
3 9.993 306 9.995 0.002
4 14.998 466 15.004 0.006
5 19.998 630 20.009 0.011
6 24.997 793 24979 —0.018
7 30.000 954 30.006 0.006
Formuals : Temperature (C) = A+BXN+CXN+DXN?
Coefficients
A B C D
—3661E—1 3622E—2 —9204 E—6 4826 E—9
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RCM -4 Calibration Data Sheet
Parameter - Conductivity (C1)
Serial No. 1 5518

Calibration Date: 1986. 1 . 30

Index Calibration RCM—4 Correction Error Remark
Point N Value

1 0.000 0 —0.003 —0.003
2 46.682 | 607 46.705 0.023
3 49.624 645 49.629 0.005
4 53.271 692 53.246 —0.025

Formuals : Conductivity (mmho/cm) = A+BXN

Coefficients

A B C D

—3196E—3 7694 E—2 0.000 0.000
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RCM —4 Calibration Data Sheet
Parameter . Pressure (P1)
Serial No. . 5518
Sensor S/N 1 51167 - 16
Range - 100 psi
Calibration Date: 1986. 1 23
Calibration RCM—4 Correction
Index ] Error Remark
Point N Value
1 1.019 183 1.033 0.014
2 2.029 313 2.017 —0.012
3 3.040 449 3.046 0.006
4 4.050 579 4.030 —0.020
5 5.060 715 5.060 0.000
6 6.070 850 6.082 0.012
Formuals : Pressure (kg/cm’) = A+BXN
Coefficients
A B C D
—3522E—1 7569 E—3 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter - Temperature (T1)
Serial No. . 5537
Calibration Date: 1985. 11 6
Index Calibr.ation RCM—4 Correction Brror Remark
Point N Value
1 0.559 25 0.563 0.004
2 4.991 153 4975 —0.016
3 9.990 307 10.000 0.010
4 14.994 467 14.997 0.003
5 19.996 631 19.996 0.000
6 25.000 795 24992 —0.008
7 29.999 956 30.009 0.010
Formuals : Temperature (C) = A+BXN+CXN:+DXN?
Coefficients
A B C D
—3287E—1 3.588E—2 ~8700E—6 4557E—9
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RCM—4 Calibration Data Sheet
Parameter . Pressure (P1)
Serial No. . 5537
Sensor S/N 1 51169 - 10
Range 2 500 psi
Calibration Date: 1985. 10 30
Index Cahbr.atlon RCM—4 Correction Error Remark
Point N Value
1 3.746 146 3.976 0.230
2 7.585 251 7.827 0.242
3 10.110 313 10.101 —0.009
4 11.420 351 11.494 0.074
5 15.160 446 14.978 —0.182
6 18.897 542 18.499 —0.398
7 30.313 840 29428 —0.885
8 34.148 994 35.076 0.928
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.378 3.667E—2 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter . Pressure (P2)
Serial No. - 5537
Sensor S/N  :51169-10
Range + 500 psi
Calibration Date: 1986. 12 15
Index Calli)%liittion RCI\IG —4 CO{,;?EEOH Error Remark
1 2.090 99 2.090 0.000
2 4.050 153 4.168 0.118
3 6.070 203 6.091 0.021
4 8.090 255 8.092 0.002
5 10.200 311 10.247 0.047
6 12.245 363 12.247 0.002
7 14.290 416 14.287 —0.003
8 16.335 467 16.249 —0.086
9 18.380 521 18.326 —0.054
10 20.383 572 20.289 —0.094
11 22.122 628 22.443 0.321
12 24473 678 24.367 —0.106
13 26.518 731 26.406 —-0.112
14 28.563 783 28.407 —0.156
15 30.566 834 30.369 -0.197
16 32611 890 32.524 ~0.087
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.718 3.847E—-7 0.000 0.000
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R.CM.- 4 S/N 5537
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RCM—4

Parameter
Serial No.
Calibration Date: 1986. 1

Calibration Data Sheet
. Conductivity (C1)
. 5665

Index Calibration RCM—4 Correction Error Remark
Point N Value
1 0.000 0 0.026 0.026
2 46.530 590 46.386 —0.144
3 49.540 629 49.451 —0.089
4 53.330 681 53.537 0.207
Formuals . Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
2600E—2 7857TE—2 0.000 0.000
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RCM —4

Calibration Data Sheet

Parameter . Pressure (P1)
Serial No. . 56€5
Sensor S/N  :51252-12
Range - 500 pst
Calibration Date: 1986. 1 24
Index Cal}i)t())riittion RCI\N/I —4 CO{[I;SSEOH Error Remark
1 2.029 101 1.998 —0.031
2 4.050 154 4.012 —0.038
3 6.070 208 6.064 —0.006
4 8.090 261 8.078 —0.012
5 10.111 316 10.167 0.056
6 12.132 370 12.219 0.087
7 14.152 422 14.195 0.043
8 16.172 474 16.171 —0.001
9 18.193 526 18.147 —0.046
10 20.213 579 20.161 —0.052
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—1.839 3799E—2 0.000 0.000
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RCM—4 Calibration Data Sheet

Parameter . Pressure (P2)
Serial No. : 5665

Sensor /N :51167-15
Range : 100 psi

Calibration Date: 1987. 6 . 15

Index Calibration RCM—4 Correction Error Remark
Point N Value
1 2.029 308 2.026 —0.003
2 4.050 557 4.055 0.005
3 6.070 804 6.067 —0.003
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—4828E—1 8147E—3 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T1)
Serial No. - 5666
Calibration Date: 1985. 1 26
Index Calibr‘ation RCM—4 Correction Feror Remark
Point N Value
1 3.550 115 3.370 0.020
2 5.090 162 5.050 —0.039
3 7.600 237 7.621 0.021
4 9.560 296 9.563 0.003
5 15.180 475 15.175 —0.005
6 19.560 618 19.561 0.001
7 24.770 782 24.770 0.000
Formuals : Temperature (C) = A+BXN+CXN'+DXN’
Coefficients
A B C D
—1.023 4014E—2 —1824E—-5 1161E—8
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RCM—4

Calibration Data Sheet

Parameter . Temperature (T2)
Serial No. : 5666
Calibration Date: 1986. 1 17
Index Calibr‘ation RCM—4 Correction Error Remark
Point N Value
1 1.000 38 1.012 0.012
2 4999 153 4973 —0.026
3 9.993 307 10.005 0.012
4 14.990 467 15.002 0.012
5 20.007 631 19.999 -0.008
6 24.995 795 24.991 —0.004
7 29.940 954 29.943 0.003
Formuals : Temperature (C) = A+BXN+CXN+DXN?
Coefficients
A B C D
—3436 E—1 3.600 E—2 —8908E—6 4661 E—9
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RCM—4 Calibration Data Sheet
Parameter . Temperature (T3)
Serial No. : 5666
Calibration Date: 1986. 8 27
Index Caliblfation RCM—4 Correction Error Remark
Point N Value
1 0.995 38 1.004 0.009
2 4.992 153 4973 —0.019
3 9.995 307 10.004 0.009
4 14.996 467 14.996 0.000
5 20.009 632 20.021 0.012
6 25.013 . 795 24.996 —0.017
7 30.008 955 30.014 0.006
Formuals : Temperature (C) = A+BXN+CXN'+DXN’
Coefficients
A B C D
—3559E—1 3614 E—2 —9348E—6 5029E—9
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RCM—4

Calibration Data Sheet

Parameter . Temperature (T4)
Serial No. - 5666
Calibration Date: 1986. 12 15
Index Calibltation RCM—4 Correction Error Remark
Point N Value
1 0.996 37 0.997 0.001
2 4.990 153 4.988 —0.002
3 9.988 306 9.987 -0.001
4 14.986 466 14.988 0.002
5 19.986 630 19.989 0.003
6 24.986 794 24981 —0.005
7 29.986 955 29.987 0.002
Formuals . Temperature (C) = A+BXN+CXN*+DXN*
Coefficients
A B C D
—3195E—-1 3590 E—2 —8655E—6 4486 E—9
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RCM—-4 Calibration Data Sheet
Parameter . Temperature (T5)
Serial No. : 5666

Calibration Date: 1988. 9 . 27

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value

1 1.023 37 1.026 0.003
2 5.015 153 5.008 —0.007
3 10.017 307 10.024 0.007
4 15.021 467 15.012 —0.009
5 20.026 632 20.040 0.014
6 25.029 795 25.017 —0.012
7 30.028 955 30.032 0.004

Formuals | Temperature (C) = A+B XN+ CXN+DXN?

Coefficients

A B C D
—2890E—-1 3586 E—2 —~8869E—6 4774E—-9
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RCM —4 Calibration Data Sheet
Parameter . Conductivity (C1)
Serial No. . 5666
Calibration Date. 1986. 12 15
Index Callbr.atlon RCM—4 Correction Error Remark
Point N Value
1 0.000 0 —0.039 —0.039
2 22.315 279 22.315 0.000
3 27.882 349 27923 0.041
4 39.971 500 40.021 0.050
5 48.715 609 48.754 0.039
6 55.655 694 55.564 —0.091
Formuals : Conductivity(mmho/cm) = A+BXN
Coefficients
A B C D
—3885E—2 8011E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range
Calibration Date. 1986. 1 . 22

Calibration Data Sheet
. Pressure (P1)
. 5666
- 51078 - 20
. 200 psi

Index Calibr'ation RCM—4 Correction Brror Remark
Point N Value
1 2.029 176 2.049 0.020
2 4.050 309 4.044 —0.006
3 6.070 446 6.099 0.029
4 7.080 508 7.030 —0.050
5 10.111 711 10.075 —0.036
6 12,132 851 12.175 0.043
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—5910E—1 1.500E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Data Sheet
- Pressure (P2)
: 5666
51078 - 20
- 200 psi

Calibration Date: 1986. 8 . 26

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 2.029 177 _ 2.042 0.013
2 4.050 309 4.035 —0.015
3 6.070 446 6.104 0.034
4 8.090 ) 574 8.037 —0.053
5 10.111 710 10.090 —0.021
6 12.132 850 12.205 0.073
7 14.152 977 14.122 0.030
Formuals . Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—6313E—1 1510E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Data Sheet
. Pressure (P3)
. 5666
- 51078 - 20
: 200 psi

Calibration Date: 1986. 12 . 22

Index Calibljation RCM—4 Correction Error Remark
Point N Value
1 2.020 176 2.026 0.006
2 4.050 31 4.067 0.017
3 6.070 443 6.063 —0.007
4 8.090 574 8.044 —0.046
5 10.111 710 © 10.100 —0.011
6 12.132 849 12.202 0.070
7 14.152 976 14.122 —0.030
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—6.353E—1 1512E—2 0.000 0.000
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RCM —4

Parameter
Serial No.
Calibration Date: 1985. 11

Calibration Data Sheet
. Temperature (T1)
. 5669

Index Calibr'ation RCM—4 Correction Error Remark
Point N Value

1 —0.003 10 —0.001 0.002
2 0.560 26 0.568 0.008
3 4.993 154 4973 —0.020
4 9.993 308 9.993 0.000
5 14.998 469 15.013 0.015
6 19.997 633 20.003 0.006
7 24.999 797 24.984 —0.015
8 30.000 958 29.983 —0.017
9 30.723 982 30.744 0.021

Formuals : Temperature (C) = A+BXN+CXN+DXN®

Coefficients

A B C D
—3583E—~1 3584 E—2 —~8657E—6 4484 E—9
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RCM—4

Calibration Data Sheet

Parameter - Pressure (P1)
Serial No. - 5669
Sensor S/N 151170 - 26
Range : 1000 psi
Calibration Date: 1986. 12 15
Index Calfi)lz)ri;:lttion RCI\I:II —4 Co\r]rjion Error Remark
1 2.029 77 2.255 0.226
2 8.090 151 7.854 —0.236
3 14.290 237 14.361 0.071
4 20.383 318 20.489 0.106
5 32611 480 32.746 0.135
6 38.746 558 38.647 0.099
7 44.832 635 44473 —0.359
8 50.925 719 50.828 —0.097
9 57.060 801 57.032 —0.028
10 63.153 882 63.160 0.007
11 71.284 993 71.558 0.274
Formuals : Pressure(kg/cm’) = A+BXN
Coefficients
A B C D
—3.570 7565 E—2 0.000 0.000
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RCM—4
Parameter

Serial No.

Calibration Date: 1986. 2

Calibration Data Sheet
. Temperature (T1)
. 5670

Index Calibljation RCM—4 Correction Error Remark
Point N Value

1 0.998 39 1.009 0.011
2 4.987 154 4.964 —0.023
3 9.993 308 9.999 0.006
4 14.995 468 15.009 0.014
5 19.995 631 19.990 —0.005
6 24.999 795 24.990 —0.009
7 29.994 956 29.999 0.005

Formuals : Temperature (C] = A+BXN+CXN+DXN?

Coefficients

A B C D
—3774E—-1 3588 E—2 —8459E—6 4352E—9
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I{Chdfj4
Parameter
Serial No.

Calibration Date: 1986. 2

Calibration Data Sheet
. Temperature (T1)
. 7019

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value

1 0.994 37 1.003 0.009
2 4.998 153 4.979 —-0.019
3 9.993 307 10.001 0.008
4 14.993 467 15.003 0.010
5 19.991 630 19.984 —0.007
6 24.995 794 24.991 ~0.004
7 29.980 954 29.983 0.003

Formuals : Temperature (C) = A+ BXN+CXN*+DXN?

Coefficients

A B C D
—3.074E—1 3572E—2 —8319E—6 4358 E—-9
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RCM —4

Calibration Data Sheet

Parameter . Temperature (T2)
Serial No. 7019
Calibration Date: 1986. 12 15
Index Calibr‘ation RCM—4 Correction Error Remark
Point N Value
1 0.996 37 0.996 0.000
2 4.990 153 4.990 0.000
3 9.988 306 9.988 0.000
4 14.986 466 14.986 0.000
5 19.986 630 19.986 0.000
6 24.986 794 24.986 0.000
7 29.985 954 29.985 0.000
Formuals : Temperature (C) = A+ BXN+CXN*+DXN?
Coefficients
A B C D
—3239E—1 3599 E—2 —8931E—6 4.732E-9
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RCM—4 Calibration Data Sheet
Parameter . Conductivity (C1)
Serial No. £ 7019

Calibration Date: 1986. 12 . 15

Index Calibljation RCM—4 Correction Error Remark
Point N Value
1 0.000 0 —0.072 —0.072
2 22.315 292 22.377 0.062
3 27.882 364 27913 0.031
4 39.971 522 40.060 0.089
5 48.715 634 48.670 0.045
6 55.655 724 55.590 0.065
Formuals : Conductivitylmmho/cm) = A+BXN
Coefficients
A B C D
—7166 E—2 7688 E—2 0.000 0.000
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RCM—4
Parameter
Serial No.
Sensor S/N
Range

Calibration Data Sheet
. Pressure (P1)
- 7019
. 51167 -15
2100 psi

Calibration Date: 1986. 1 . 22

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 1.019 177 1.016 —0.003
2 2.029 302 1.997 —0.032
3 3.040 441 . 3.087 0.047
4 4.050 565 4.060 0.010
5 5.060 691 5.084 —0.012
6 6.070 820 6.060 —0.010
Formuals : Pressure (kg/cm?) = A+BXN
Coefficients
A B C D
—3727E—-1 7845E —3 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter . Pressure (P2)
Serial No. $ 7019
Sensor S/N : 51252 - 12
Range - 500 psi
Calibration Date: 1986. 12 22
Index Calfi)l?)ri:rilttion RCI\N/I —4 Co\rlgeilcltgon Error Remark
1 1.019 74 1.024 0.005
2 2.029 101 2.046 0.017
3 3.040 127 3.029 —0.011
4 4.050 154 4.051 0.001
5 5.060 180 5.034 —0.026
6 6.070 208 6.093 0.023
7 9.101 287 9.081 —0.020
8 12.132 370 12.221 0.089
9 15.162 449 15.209 0.047
10 18.193 526 18.122 —0.071
1 21.224 606 21.148 —0.076
12 27.285 767 27.238 —0.047
13 30.316 849 30339 0.023
14 33.347 931 33441 0.094
Formuals : Pressure(kg/cm?) = A+BXN
Coefficients
A B C D
—1.774 3.782E—2 0.000 0.000
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R.C.M.-4 press. [kg/cnf]

R.C.M.-4 S/N 7019
Sensor S/N 51252-12 Range:500L psi J

O
o)
o

0 @)

s ° e 8§ & ¢
Standard press. [kg/cmJ

O
o
0©

E\

Error [kg/crf]

i
O
o
(8

-0.101

Pressures [kg/cni] \\ /

— 174~



RCM—4 Calibration Data Sheet
Parameter . Temperature (T1)
Serial No. 17020

Calibration Date: 1984. 6 . 18

Index Calibr‘ation RCM—4 Correction Error Remark
Point N Value
1 2.960 106 2.995 0.035
2 5.720 179 5.654 —0.066
3 10.070 311 10.101 0.031
4 14.670 458 14.689 0.019
S 20.230 640 20.193 —0.037
6 23.240 739 23.258 0.018
Formuals : Temperature (C) = A+ BXN+CXN+DXN’
Coefficients
A B C D
- 1.196 4.162E—2 —2102E—5 1.282 E—8
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RCM—4

Calibration Data Sheet

Parameter . Temperature (T2)
Serial No. . 7020
Calibration Date: 1986. 1 23
Calibration RCM—4 Correction
Index . Error Remark
Point N Value
1 0.988 33 0.992 0.004
2 4.984 148 4977 —0.007
3 9.986 301 9.984 —0.002
4 14.993 462 15.007 0.014
5 19.993 625 19.976 —0.013
6 24.934 787 24.938 0.004
Formuals : Temperature (C) = A+BXN+CXN/+DXN’
Coefficients
A B C D
—0.195E—1 3.628E—2 —9856 E—6 5499 E—6
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RCM—4
Parameter
Serial No.

Calibration Date:. 1986. 2

Calibration Data Sheet
. Temperature (T3)
. 7020

Index Caliblﬁation RCM—4 Correction Error Remark
Point N Value

1 0.994 32 0.998 0.004
2 4.998 148 4991 —0.007
3 9.993 301 9.993 0.000
4 14.993 461 14.996 0.003
5 19.991 625 19.997 0.006
6 24.995 789 24.985 0.010
7 29.980 950 29.984 0.004

Formuals : Temperature (C) = A+BXN+CXN+DXN*

Coefficients

A B C D
—1405E—1 3584 E—2 —8.586 E—6 4454 E—9
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RCM—4

Calibration Data Sheet

Parameter - Temperature (T4)
Serial No. 2 7020
Calibration Date: 1986. 8 17
Index Calibr'ation RCM—4 Correction Error Remark
Point N Value
1 0.995 32 0.997 0.002
2 4.992 148 4.988 —0.004
3 9.995 301 9.992 —0.003
4 14.996 461 15.002 0.006
5 20.009 625 20.011 0.002
6 25.013 789 25.007 —0.006
7 30.008 950 30.010 0.002
Formuals : Temperature (C) = A+BXN+CXN*+DXN?
Coefficients
A B C D
—139%6E—1 3579E—2 —8419E—6 4361 E—9
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RCM—4

Calibration Data Sheet

Parameter - Temperature (T5 )
Serial No. - 7020
Calibration Date: 1988. 9 27
Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 1.023 30 1.024 0.001
2 5.015 .145 5.011 —0.004
3 10.017 298 10.022 0.005
4 15.021 458 15.015 —0.006
5 20.026 623 20.033 0.007
6 25.029 787 25.024 —0.005
7 30.028 947 30.029 0.001
Formuals : Temperature (C) = A+BXN+CXN*+DXN?
Coefficients
A B C D
—5331E—2 3620E—2 —9.597E—~6 5179 E—-9
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RCM—4
Parameter
Serial No.

Calibration Date: 1986. 1

Calibration Data Sheet
. Conductivity (C1)
. 7020

Index Calibr.ation RCM—4 Correction Error Remark
Point N Value
1 0.000 0 -0.017 —0.017
2 43.949 573 44.028 0.079
3 47.803 623 47.871 0.068
4 50.873 661 50.792 —0.081
5 53.685 698 53.636 —0.049
Formuals : Conductivity (mmho/cm) = A+BXN
Coefficients
A B C D
—1.713E—-2 7686 E—2 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter - Pressure (P1)
Serial No. 27020
Sensor S N $ 51660 - 17
Range 500 psi
Calibration Date: 1986. 8 26
Index Cal}i)l())riittion RCI\IG —4 Co\r/;?ﬁteion 0 Error Remark
1 2.029 97 1.774 —0.255
2 4.050 152 3.893 —0.157
3 6.070 207 6.012 —0.058
4 8.090 262 8.131 0.041
5 10.111 314 10.134 0.023
6 12.132 366 12.138 0.006
7 14.152 424 14.372 0.220
8 16.172 477 16.414 0.242
9 18.193 531 18.494 0.301
10 20.213 587 20.651 0.438
11 22.652 643 22.809 0.157
12 24.922 693 24.735 —0.187
13 27.191 745 26.738 —0453
14 29.460 796 28.703 —0.757
15 30.566 851 30.822 0.256
Formuals © Pressure (kg em’) = A+BXN
Coefficients
A B D
—1.962 3852E—2 0.000 0.000
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RCM—4 Calibration Data Sheet
Parameter . Pressure (P2)
Serial No. 27020
Sensor S'N 51160 - 17
Range - 500 psi
Calibration Date: 1988 . 10 4
Index CalFi)t())riittion I{CIKI —4 Co\r/raellcltéon Error Remark
1 1.019 75 1.191 0.172
2 2.029 100 2.120 0.091
3 4.050 126 3.085 —0.965
4 6.070 213 6.317 0.247
5 8.090 265 8.249 0.159
6 10.111 319 10.255 0.144
7 12.132 370 12.150 0.018
8 14.152 426 14.230 0.078
9 16.172 480 16.236 0.064
10 18.193 535 18.279 0.086
11 20.213 592 20.396 0.183
12 22.234 647 22.440 0.206
13 24.255 695 24.223 —0.032
14 26.275 750 26.266 —0.009
15 28.295 799 28.086 —0.209
16 30.316 855 30.166 —0.150
Formuals : Pressure (kg em: = A+BXN
Coefficients
A B C D
—1.595 3714 E—2 0.000 0.000
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RC.M.—-4 S/N 7020
Sensor S/N 51660-17 Range: 500L psi, 1

R.C.M.-4 press. [kg/cri]

' o 10 o
e ok = 2 N N !

Standard press. [kg/cm]

[kg/crrzlj

Error
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