Gl

\\\\\\\ Institute of

Y= Oceanographic Sciences

)
R ——

— Deacon Laboratory

INTERNAL DOCUMENT No. 331

Evaluation report on a FSI Temperature Module
at IOSDL

T J P Gwilliam, S B Keene & B A King
1994

Natural Environment Research Council



INSTITUTE OF OCEANOGRAPHIC SCIENCES
DEACON LABORATORY

INTERNAL DOCUMENT No. 331

Evaluation report on a FSI Temperature Module
at IOSDL

T J P Gwilliam, S B Keene & B A King
1994

Wormley

Godalming

Surrey GU8 5UB UK

Tel +44-(0)428 684141
Telex 858833 OCEANS G
Telefax +44-(0)428 683066



DOCUMENT DATA SHEET

AUTHOR

GWILLIAM, T] P, KEENE, SB & KING,B A

PUBLICATION
DATE
1994

TITLE

Evaluation report on a FSI Temperature Module at IOSDL.

REFERENCE

Institute of Oceanographic Sciences Deacon Laboratory, Internal Document, No. 331, 28pp.

(Unpublished manuscript)

ABSTRACT

Laboratory tests and sea going trials have been carried out with a temperature module type OTM-D-
112 to evaluate its potential for use at IOSDL.

Tables and plots have been produced to show stability changes over a 708 day period.

KEYWORDS

CALIBRATION ACCURACY
LONG TERM STABILITY
MK3 CTD

OTM-D-112

ISSUING ORGANISATION

Institute of Oceanographic Sciences
Deacon Laboratory

Wormley, Godalming

Surrey GUS8 5UB. UK.

Director: Colin Summerhayes DSc

Telephone Wormley (0428) 684141
Telex 858833 OCEANS G.
Facsimile (0428) 683066

Copies of this report are avallable from: The Library,

PRICE £0.00




INSTITUTE OF OCEANOGRAPHIC SCIENCES
DEACON LABORATORY

INTERNAL DOCUMENT No. 331

Evaluation Report on a FSI Temperature Module at IOSDL

T.J. P. Gwilliam, S. B. Keene. B. A. King, (I0SDL Wormley)
1994

Wormley

Godalming

Surrey GU8 5UB

Tel. 0428 684141

Telex 858833 OCEANS G
Telefax 0428 683066



Section

Section

Section

Section

Section

Section

1.0.

2.0.

3.0.

3.1.

3.2.

4.0.
4.1.

5.0.

6.0.

CONTENTS.

Introduction.

OTM General Information.

Laboratory Evaluation
Accuracy and Stability.
Results.

Operation at Sea.
Results.

Conclusions.

References.

Page.

10

10

11



DIAGRAMS END TABLES
Table No.
1. OTM Specification.
2. Initial FSI Calibration.
3. Corrected FSI Calibration.
4, OTM Calibration - 30-3-92.
5. OTM Calibration - 24-9-93.
6. OTM Calibration - 29-11-93.
1, OTM Calibration - 4-1-94.
8. OTM Calibration - 28-1-94.
9. OTM NPL Calibration - 4-2-94.
10. OTM Calibration - 9-2-94.
11. OTM Calibration - 21-2-94.
12. Differences between OTM and absolute temperature.
Figure No.
1. Cable Connection. PC --- OTM.
2. 708 day Temperature difference with Time.
3. 84 day Temperaure difference with Time.
4, Thermal Response Plot.
5. Temperature data from Deployment CTD122917.
6. Scatter Plot of MK.3 and OTM temperature difference.

Page No.

12
13
14
15/16
17
18
19
20
21

22

24
25
26
21

28



Evaluation Report on a FSI Temperature Module at IOSDL.
T.J. P. Gwilliam, §. B. Keene, B.A. King (I0SDL Wormley)

1.0. Introduction.

This report is based on a series of tests and studies carried out on a Falmouth
Scientific Instruments Introduction (FSI) Temperature module type OTM - D - 112,, serial
number 1333 and received at the Institute of Oceanographic Sciences in April 1992. The
purpose of these tests was to evaluate the instrument in terms of accuracy, long term stability
and general operational handling in an attempt to assess the suitability of this sensor for use at

IOSDL for the collection of accurate and reliable temperature data.

The evaluation involved both laboratory and sea going exercises, the former
covering calibrations at intervals over a near 2 year period, while the latter include a series of

data comparative deployments with the CTD system on Discovery Cruise 199.

2.0. OTM General Information.

A brief outline of the manufacturers specification for the OTM is shown in Table 1

below.

During the laboratory tests, the instrument was directly connected to a desk top
cormputer system and a power supply using the cable configuration shown in figure 1. Using
the Procomm communications software package a two way RS232 communications procedure
was set up so that data could be acquired, and commands tc operate the module in its
different modes could be transmitted. Details of these procedures are explained in the
manual. The temperature information received was displayed on the monitor and also saved
for further analysis. The calibration polynomial equations were evaluated using the IOSDL

"POLFIT' calibration software.

For the sea going deployments the temperature data from the module was coupled

into the CTD MKS3 data stream using the interface kit provided by FSIL



Table 1

OTM type OTM - D - 112. Serial number 1333

Range -2°C.to + 32 °C.
Accuracy +0.003°C.
Stability + 0.0005 °C./mnth...
Resolution 0.0001 °C.
Response 500 m.secs@ lm/sec flow
Sensor Platinum Resistance
Supply Voltage 12 volts dc £ 20%
Current 75 m.Amps.
Data Output Temperature in °C. to IT380
Data Format RS-232-C
9600 Baud
8 data bits , 1 stop bit, no par.
ASCIH
Connector Sea - ConVSGn - 4 -BCL

3.0. Laboratory Evaluation.
3.1. Bccuracy and stability.

To determine the accuracy and stability of the OTM, a series of calibrations were
carried out at intervals, over a two year period, using the IOSDL Automatic Systems
Laboratory (ASL) F17 and Neil Brown CT - 2 temperature transfer standard thermometers. In
all, eight calibrations were completed, and the results are tabulated in Tables 4 to 11
inclusive. Apart from one, all the calibrations were carried out at IOSDL to ITS80, using
procedures to meet the WOCE temperature specification(Gwilliam and Keene, 1983) . The
remaining calibration, Table 9, was carried out at the National Physical Laboratory, NPL, in an

attempt to use the OTM in an inter comparison calibration exercise.

From the calibration data, the differences between the OTM output and the absolute
temperature, at intervals of 5°C. over the range 0°C. to 30°C., were calculated and the results

tabulated in Table 12. From the information in Table 12, two graphs were plotted of
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temperature difference against time illustrating the total drift over 708 days,(figure 2 ), and

showing the drift over the latter 84 days, (figure 3)

3.2, Results

The calibration provided by FSI for this instrument is shown in Table 2. As shown in
the table, a third order polynomial is used to calibrate the instrument but inspection of the
'differences' (col.4) of a linear fit show that these residuals are less than £1m°C. and would
therefore satisfy the manufactures accuracy specification of :3m°C. Further perusal of Table 2
show that a "clerical” error by FSI has occurred, columns 1 and 2 should be interchanged. We

have corrected this mistake, recalculated a linear and third order polynomial and include the

results in table 3.

Comparing the FSI corrected calibration (Table 3) with the first calibration of the
instrument at IOSDL (Table 4) 8 days later, immediately highlights a change in the offset of
85.2m°C.at 0°C. Further communication with the manufacture indicated that there were

problems at the time of the calibration and that this original calibration is incorrect.

The large time gap between our first calibration on 30.3.92 and the next on 24.9.93
covers the period when the OTM was being evaluated on the RRS Discovery WOCE cruises
199, 200 and 201 in the Southern Oceans. A study of Fig 2 over this period show that the
stability of the sensor at 0°C. was of the order 0.5°mC./mnth. which is within specification,
again during the latter Smonths the difference amounted to 2m°C. which produces a 0.4m°C.

/mnth. long term stability figure.

However there was an unusual discontinuity in the temperature difference during a
12 day period between the calibrations of 28.1.94 and 9.2.94 when the difference was 4m°C, a
stability of 10m°C./mnth. This appears the more unusual in that the immediate period after
this event the gradient of the drift returned to <0.4m°C./mnth. Mechanical damage to the
platinum element of the prt, over the period between 21-1-94 and 4-2-94, could possibly
cause the offset increase. However, the offset again increased between the 4-2-94 and 9-2-94
calibrations, when it would be highly unlikely to be due to mishandling. At the next
calibration, 21-2-94, the rate of change of offset had returned to the pre 28-1-94 calibration
value which introduces a doubt on the theory of prt damage. It was over this period that the
sensor was at NPL for calibration, and a possible explanation could be that with the increased

handling , an intermittent electronic fault occured within the instrument.
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From the information in Table 12 it is possible to evaluate the temperature change as a
result of sensitivity changes within the OTM between calibrations. Neglecting the initial FSI
calibration, over the period from 30.3.92 to 24.9.93 the effect of sensitivity change at 30 °C.,
were it would be most evident, was 0.3m°C/mnth., and from 24.9.93 to 21.2.94 was
0.2m°C/mnth.. When added to the worst case 0°C offset stability error of 0.4m°C/mnth. the

total error at 30°C. is 0.7m°C/mnth., which is just outside the manufacturers specification.

Thermal response time for the sensor was also evaluated in the laboratory by first
allowing the instrument to stabilise at room temperature, 20°C. , then completely immersing
it into the temperature controlled water bath at 0.3°C. The OTM data was sarapled at 2.95hz
and the plot using this information is show in figure 4. With the circulating water flow
approximately 20cm/sec. the time taken to reach 3% of its final value is approximately 1.36

seconds.
4.0. Operation at Sea.

The WOCE cruise 199 on RRS Discovery during December 1993 to February 1994
provided an opportunity to compare the performance of the OTM with the MK3 CTD under
operational conditions. The OTM was mounted on the multisampler frame such that the prts
were in close proximity, ~20 cms, and used on several deployments down to 5500 metres.
The OTM output data was integrated into the MK3 data stream and processed on board

without difficulty.
4.1. Results.

Problems with starting the OTM in the correct RUN mode caused a loss of OTM data
for some of the deployments due to the lack of a resetting pulse which normally occurs on the
step function of the supply voltage on initial switch on. The cause appeared to be the slow
rise time of the compliance voltage on initial power switch on due to the delay time in
charging the capacitors of the acoustic altimeter. To overcome this problem , it was

necessary to disconnect the OTM from the system until the capacitors were fully charged.

Figures 5 and 6 are data collected from deployment CTD 12297. The upper trace of
figure 5 is an example of a filtered MK3 prt down and up profile over the range 0- 10 °C . The
lower plots of figure 5 show the temperature difference (MK3 - OTM) for the down and up
casts against depth (0 - 2000 dbar ). If the MK3 and the OTM had the same accuracy and
thermal response then the plots would be two overlapping horizontal lines from 0°C.

However, for this example it indicates that the OTM has a thermal response time lag, with
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respect to the MK3 prt temperature sensor. Near the surface, where there are high rates of
change in temperature, the difference is most obvious, while in the deeper waters, the plots

tend to coincide much more.

To ascertain the degree of time lag that the OTM has with respect to the MK3 prt, a
scatter plot of difference (MK3 - OTM) data against the rate of change of temperature was
produced, figure 6 for the pressure range 400 - 800 dbars. The concentration of points
highlight the areas around the low temperature gradients, while the scatter for the negative
and positive higher gradients illustrate the degree of time advancement the MK3 has over the

OTM. The mean slope of the points is an indication of the time lag of the OTM. From the plot:
Time = (MK3 - OTM)/(dTEMP/dtime) Secs
= 26/40
= (.7 Secs.

The MK3 data is already accelerated by 0.2 Secs , therefore the response time of the

OTM with respect to the mk3 is 0.7 - 0.2
= 0.5 Secs.

The mean difference between the curves indicate an overall offset of near 7 m°C.

5.0. Conclusions

Both the laboratory and the seagoing trials show that there are small problems , but
overall the instrument does come very close to the manufactures specification with no overall
inherent design problems. However, because of the slower thermal response time with
respect to the MK3 CTD instruments, it would be difficult to recommend its use for SeaSoar
work or for WOCE type profiling deployments were a higher stability is desirable.
Discussions with the manufactures indicate that the later OTM models do have a faster

response prt and it is hoped to evaluate a sample in the future.

6.0. References.

Gwilliam,T.].P.,Keene,S.B., Calibration of Temperature and Pressure Sensors for the

World Ocean Circulation Experiment., International WOCE Newsletter, Number 15, February

1994.



Order of

ATEB-12350
QO.L4227
7 .033586

14.93264

22.87622

27.98922

-12 -

Polynomial = I . Number of terms = 4
gTM 1333 Calc OTM 1333 Difference
0.64240 0.64233 -0, 00005
7.08420 7 ..085437 0.00017
14.93270 14.935244 -0.00024
22.87310 22.8732% 0.0001%9
27 .98930 27 .98%923 -0 ,.00007

TAa = —-2.433536E-04

TB = 1.0003732 e et

TC = ~Z.B0OS579E-05 R

TD = 8.953358E-07 ‘ B

PRESS ANY KEY TO CONTINUE

CALIBRATION DATA OTM SERIAL NUMBER 1333
CALIBRATION DIFERENCES FROM ATB-1250 .-
WOODS HOLE OCEANOGRAPHIC CTD CALIBRATION LABORATORY

LA

DATE : /<:_/?7?QZ T2__ TECH:

Table 2. - Initial FSI Calibration



OalTd FILE:

TERM

I
i

i
il

Yi{call=

<)
51

T,m

0.56424
.054“

14.95

oy e
kk.q/ql

27.9895

STD ERROR

DaTa FILE:

TERM

I

It

0D

i

-
—~
ay
i
s
i

e )
¥

T o~
!

G424
7.’LJ4k
oy ey

" I\..).a._i
o751

S
E7.9893

ST ERROR

Sl L EEE

COErFFIC

-13-

DATE:

IENT

-, 2APLBESE~4
1. OO00RELED

B(x)+A
gTD
ME

O.6424
7. 0554
14,9326

Ram R [~aer 4 -~y
RELETEE

Y {(cal?

O.56421
7.08541
14.9528
22.3754

27.9897

1§5-3-72.

DIFF

Q. 0003
-0. 00035
-Q.0001

0.0008
-0, 0005

27.98%92

OF ESTIMATE FOR Y=0.0007

SWFIZESD
COEFFICIENT

Z2.4471709E-4
F.PPEELHTAE-T

DATE:

1% ~-3-97

E.8150400E-5
~8.9775542E-7
D3y +C (0 ™2)+RB () +A
87D
NE Yi{cal) DIFF
(. d424 G.&H424 ~0. 0001

«OEES
14.9@&&
E2.5762
——

27.9892

14.95

OF ESTIMATE FOR

7. 053

) T L
22.5760

27.98%%

Q. 0000
— (3, 0002
O, 0002
—-0.0001

=0, Q004

Table 3. - Corrected FSI Calibration



-14-

DaTas FILE: FSIVNE DATE: 30/3/9Z2
TERM COEFFICIENT
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E= 2.995540&8E—1
Y{call= B{)+A
(s} STD
F3ldaegC METSdealC Yi{cal) DIFF
0.7264 ).ﬁblE 0.46613 -0, 0002
O.7266 L BH1S Q.64617 -0. 0002
5. 4485 5.3822 5.3813 0.0007
8.&6872 8.4187 8.6188 -0. 0001
11.9511 11.881& 11.881%= 0.0007%
15,4460 15.37446 15.3747 -0.0001
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i
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Table 4. - OTM Calibration. 30-3-92.



Cala ik

aT

20

AT
B

s

ind a

TEREM

i

oI

Y{malr=

. N
LS

] o e
LRSS

«&BE7
- A705S

L0151
D344
. 0849
. 2878
5914
. 85349
L1445

T ey
SEOS

. g
i3, &0

LB L
Lt

Zen (O
S 1006

17.

LB TE T

ST

I

F170TH

-15-

DATE:

COEFFICIENT

~7  ERAGYHIE-T

(.? D

35771
- P2k G QYN W)

B (o)A

STh

TO8 E71

.. S od 7

-, 1406
—{3, 002
—-0. 0398
G.0106
O.2135
0.3171
R.7797
4., 9388
7. SQE7
817

- -
1. 5/’.’)8

Y{cal}

-0.7393
—(1.5442
~3.34173
-, 14073
-3, Q900
—~(. 0Z93
0.010%9
0.21Z27
0.3171
2.7796
4.9782
7.5027
F.9810
12.57&%
15.0191
17.574%
17.9357
22.4197
2H5.0197

24/9/79%

DIFF

=L 0001
-0, QOO03
-0. 0002
-0, 0003
-3, QO01
—-0. 0003
~0. 0003
-0, 0002
—-0. Q000
O.0001

0. 0007
0.0010

Q. Q007
0. 0004
-0. 0001
-0, Q003
-0.0004
—-0. 0004
-0.0001

CRROR OF ESTIMATE FOR Y=0.0004

Table 5. - OTM Calibration. 24-9-93.



-16-
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Table 5. - OTM Calibration. 24-9-93.
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Table 6. - OTM Calibration 29-11-93.
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Table 7. - OTM Calibration

4-1-94
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Table 8. - OTM Calibration 28-1-94.
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R
A

OTMLZES

G i
4,4
G, P
14.9

19,9070

7

24,2090
- i
258970

ST

ERROR

i

aF

NFLOTH

DATE:

COEFFICIENT

—~7.AI1IEE5E

E-2

?.PREB0R6E-1
-4, 7FE8240E-5
1.1841578E~-4

Dix"2)+C (™2)+B ) +A

STD

NEL Deal

G, O0O00
4.8840
2.8510
14.8260
19.817G
24,8180
EF . 80560

Y(cal)

4.8841
9.8309
14.8262
19.8187
24.818=
29.8059

4/2/94

DIFF

-, 0001
0. 0001

-, Q002
Q. 0007

-, OQOOF

0,0001

ESTIMATE FOR Y=0.0007F

Table 9. - OTM NPL Calibration 4-2-94.



OaTe FILE:
TERM

=
Fhas

Yi{call=

e
‘

OTrMiIEES

G431l

5. 0984

10,0828
15,0830
200822
2H.0988
29,1053

A,

STD

AFTRE L7

-21-

DATE:

COEFFICIEMT

7 . B4 1 EGAE-2
9. PCATEI4E~-1

B () +a

STD
CTOGETL

Y{({cal)

0O.3817 0.3823

5.0177 S5.016%
P.9994 ?.9987
14.9960 14.99463
19.9%18 19.9928

25.0049

25.003
29.01Z20 292.0109

A S om

Q2774

DIFF

-0, 0008
Q. 0008
0. 0004

-0.000%

-0 0010

-0, 0007
0.0011

ERROR OF ESTIMATE FOR Y=0.0009

OaTa FILE:

e T
TER

v

i

it

G[PU]E
i

i

it

Yigcal

&1
(2

OTHIEEE

G.473101
S.0782
1G.0828

15,0830

=i,

AFTRFL7

DATE:

COEFFICIENT

TATOTOE T
o

- 3
e T DML LT

~5.2776ETAE-S
1.2413022E-6

A SR
At

-l T

D30 +0 (e 2Y+B G0 +A

/2

STD

TGO

QL3517
S.0177

o oo
S on £ 77T

14,9950

12.9%18

25. 0038

27,0120

ws 7

71

Yi{cal:

0.3517
S.0177
7.9994
14.9960
12.9918
25. 0038
29.0120

/94

DIFF

O, 0000

O, 0000
-3, D000
0. 0000

Q. Q000
-y, QOO0

0. Q000

ERROR OF ESTIMATE FOR Y=0,0000

Table 10. - OTM Calibration 9-2-94.



GETE

STh

DATH

OTMLEsz

GL2l74
S 1121
10, 1937
15.118%

OF50

FILE:

ERROR

NEDTHS 4

-22.

DATE:

COEFFICIENT

7.8710843E-2

F.2?P451046E-1

S.0310
10,1099
15.0EF10
2., 0048

e~ S g
[ SN v R ]

Y{cal)

0. 13848
T.0303
10,1094
15.0313
20,0052

S T e
25. 3363

21/2/94

DIFF

-0, 0004
GO. 0005
0.0005

~0. 0003

-0.0005
0. 0003

OF ESTIMATE FOR Y=0.0005

OTHMIEESE

YU NV S v |

S.ii21

1o 1937

NEOTHM?4

DATE:

COEFFICIENT

-7 9E41E55E-2
7.99822223E~-1
—3.7E798EEE-5

7.4449127E-7

Dl ™340 (e

STD
NETS

. 17384
Sl 0E10
1o, 1099
1S, 07310
20.0048

Lo R O

e w el e

Yi{cal}

Q. 1:284
S.0310
10.1098
15.0311
20,0047

A mrer

25. 33638

2)Y+B () +A

21/2/94

DIFF

0. 0000
—-O. 0000
0.0001
-, 0001
G O000
-}

0F ESTIMATE FOR Y=0.0001

Table 11. - OTM Calibration 21-2-94.
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Date 15.3.92 | 30.3.92 | 24.9.93 |1 29.1193]4.1.94 [28.1.94 14.2.94 19.2.94 |21.2.94
Day 1 15 557 624 662 684 689 696 708
No. FSl IOSDL | IOSDL jIOSDL |IOSDL |IOSDL | NPL IOSDL | I0SDL
Temp. Difference between OTM and Temperature in m°C.

Deqg.C.

0 0.24 65 74 76 75 75 76 79 79

5 -0.78 | 66 77 79 78 77 79 81 82

10 0.06 69 79 81 81 80 82 84 84

15 -0.02 |71 82 84 83 83 84 87 87

20 -0.08 |74 84 87 86 86 87 89 90

25 -0.07 |75 87 89 88 88 g0 92 92

30 0.02 75 89 93 91 91 93 95 95

Table. 12. - Differences between OTM and absolute Temperature




+12volt
+1volt

DB - 25 Female
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Figure 1 Cable connection - P.C. to OTM
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Fig. 2 - 708 Day Temperature difference with Time



OTM1333 minus Abs. Temperature (m°C.)
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OTM Temperature {Deg. C)
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Figure 4 - Thermal Response Plot.



Temperature difference (MK3 - OTM)in°C.
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0040C1d12297
0.030L
0.020L
0.010L
0.000_
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Figure 5. Temperature data from deployment CTD122917.
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Temperature difference (MK3 - OTM)in°C
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Figure 6. Scatter Plot of MK3 and OTM temperature difference.
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