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A Design and Construction of Free-Fall Electro-Magnetic Velocty
Profiler for Shallow Water Use.
PROFILER FOR SHALLOW WATER USE.

Seiichi KANNARI
Department of Geophysics, Faculty of Science,
Hokkaido University
( Received March 9, 1983 )

This paper describes the design and construction of the free-fall electro-magnetic
velocity profiler for the use of shallow water (up to 500 m) areas.

This instrument (SEMVP) is based on the same principle proposed by T. Sanford,
except that it has a single velocity sensor. The SEMVP has the electro-magnetic velocity
sensor, the pressure sensor and the flux-gate compass, and freely falls with fall velocity from
26 cm/s (for 0.5 kgiexcess weight) to 50 cm/s (for 1.5 kg excess weight) rotating around its
axis. As it has reached to the bottom, an attached recovery system releases weights, and
then the SEMVP gains positive buoyancy and turns to the surface.

Measured signals are sampled at every 90 degrees rotation of the SEMVP, which is
controlled by the flux-gate compass outputs, and recorded on the 32 khytes RAM an digital
signals.

After recovery of the SEMVP, the recorded signals are read out through a photo-
coupler, and a series of data are processed by a micro-processing system.

The basic experiments, system simulation and analysis of motional characteristics
of the SEMVP are also described.

The results of preliminary field experiment performed in a shallow water area
shows reasonable velocity profiles, though a strict intercalibration is remained.
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72 ) OFREE OIS, RUBEYIC SHOTEN 2 HETEHEORE L AT LOHE, S 5icid
FDY AT LD ERRERE 2 EET I8, »h 5 AT AREREBRIICIIRL GEL
LOTREWEV) ZLEFBALTH S, R BEERBO L ) L5 P oRE 3R THRE
TH Y, BHRBOFNORERBETRH 2V IZEEMNROEHE L RSO MERMETRICIE, RE
FHRELE - BB TFECES T2 2B 00,

WIRDSEERES % —FEOERTH HBHAN L Z LI &> TBRFICET 2 BEMELAE
L, 2N LBICHROKELZHEL LD v 752%79‘“ Farady (A.J.Williams et al, 1972) |z
ko THREE N, VonArx (1962) ic & » TERALHHED b nBIE, GEK. & L TAMEiRTER
RN T 555, Sanford (1971) (& Z & 8 #E Ui, HHE TRHOHEFRER BT
BR824 72, 21t Sanford, Drever and Dunlop (1974) 2 & » TEHR I h, EMVP

(Electro-Magnetic Velocity Profiler) g a3 &2, BiROFES AL EESLRO BRI %2R
A3ntws,

Sanford 5 i2 & - TR I N EMVP 0 1 5HIZERZ30cm, EE3 mOAEHNS 7+
U 50 cm DEER A A BIR DA SN2 ERI0OKE DL N TH B0, H2 FHTIRFEE
H—DOWRIC L ) MR (-t — 0B 2 L3 Tw) MREINLER, 07
TeVAKIIS 1. mERLOEHBINTIZV 370, FERERLVCEN - FEHOMBREZ &5
Zrer3.omzyi), YEWIEESTIE LW,

FHEIIEMR KGRSO RES O 2o DFRERTE 72 7 7 4 T — DB R
UICFHF Z B 56 G 5AT% - TE 7295, ZiE 2 MR &5 5 729Hic Sanford & EMVP ¥ (3
ol T — k- ME AR EFHRALTE Y, £z, Sanford 67 2 KE L —HK EiE- T,
1HEL P —HFRE2HRAL, BIC AT L0/NEREILEERT L L, W{22DH LR
AR o7, LTI, EZEHBRL 72 EMVP OffBgic > THET 245, %8 (Shallow
waters) ZXRICL T3 L) 2T, A TlE SEMVP OMfr% Fiv: 5,

Im # ® K I8

RELDEFINIIEARET A2 F HIREEE F o 2V OEST 58, kv 4> b i
i3 (VXF) - LoBAEARET 5, WERERICEE L EAEE (ry.2) 0BT 3 846~<7
MVEGTE (LGk) 2T B e, F= (0 i+F,-j+F, k), V= (u-ito-jtw-k) ThHdh
5, RELDEAKET A VE#hE KFICR -2 % £ AET 2BENENE AS (T

Ap= (—F, (v—v) + Fyw) Lsin wt+F, (u—u,) L cos wt (1)

THEZLN5, BL u, vl 7 A2 PRI KICEL Ty 2550 BEEKRKFTOEAICED
CFHIETET, BEMEWEBARNa> 727 22 2% 0, KEE D »§ 38,

()= pctvar L7 [4)e=
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THZLNE, w7 A DFETEE, widt7 2> P OWEHARECTH D, BEOFSIL
L7 R b #hhT NS HECE e s L, 20BBOENZESE Ady, X EW DFFEIC L - 2D
BNEL Agx LT DL

Ade= [—F (v—w)+FHw) L, A¢,=F, (u—us) L (2), (3)

Eh b, WS Fe RO F, BB H1E, & TH#EE w RO NS, EW FETHX7 A > L
IHNBAZEZWET S &ic & ), HARE (v—u), (v—v) ERDDZEHTED, us, vsid
—MCRSIC L L HWETH ), BEEEBKD I T 52 AV WA IIMETEFRET
BEUTEBERTH S, Lzd> T, (2)IC & - TR L NS FERIEIE I SREFRIES 5 O
REMDKTE 2 N5, UENGFEZITRJIcdh2), 722 FRRNEMELZRINT 572
HOER (RIECBER), w DEE LT 5 2HDES £ —ROBELMEDHHFFL) % H
WY B2 FHhier T EHWLRE L B,

I, st Y— & RESH

SEMVP gt o — ke bilEkE 7 2 > b RUVER pr———
HiEE% Fig 1iond, E&IGEE GEK IcRE N T3
&0 %R - BB — 2 b 2R L 2L 0T, ZoEBRIL,
EX#60cm, BEE2.0cmAHIz v L HEnhRIBo kR Ponous aLuss
B33 A THANI —EOOBEEI N TS, ZAuER
WICI3ME—ENEK (ALK PHLRAALTH), 20
WidmiE R —F 2 - 79 282 BLC, MK ELBEAMICEMRL Ths, Led-T, kw7
A2 PR AET B ENEICED BRI, EEREN—FHOERD HIEKL A M EEY,
AR EZFETHEOEKRL 7 A2 MCAD, L)V EDDERISGET 5 L) AHBEHEHT 5.
Z OB O —ER ARG MK MRS 0P 2 EE L Tw 272010, KEERICEMEIEL
TB, ZoE» (1) KdDu, vwic-> T3,

B-EICRERIT SEMVP OB EBEL > —Th b, BLHLATWEEH, Z0E
BULIRE, RO DELICES THBTH Y, BEME H 350 «v/°C, 500 4v/%o DK E HIREI
ISR R R - T b, BOEILOBBIINRICBE—EDBEAKEHFATLIZ L2 5
Nnay, HKkE7 Ay FOBEEBIEET S v, FW, Fig VISR & o — BB~
COIDOFBERELTLIEIICLY, BEERORERLKEL(TEIENTES, chicd-
T, FAEBENCEIEBHICET 2MER T2 Z L TE, BEEIC L 2EENMRAERE
12121 DC R L A% 2 L 9IS 5. UELIRBETIIEAKL 7 A P DWEARE o TEH
ENTVE0 5, BALERE 7 4 VY —ic k> TREZCERT 2 # DC fi5 & ZRGEE
BLEBRBITHTHILNTE B,

Fig. 213, #fef#Et > — (Fig. 1) o FEIEE % 10.8CE T RBMICELI BB ORBERE

Fig. 1. Velocity sensor construction.
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DB (BIED) TH 2%, ZO%E, ikt oo

et LT ORS00/ CE S| 440 micro volts
Twb, Fig. 2 o FHnFERIE, BEHRIEB I
0.01¢c/s DEMFEBAFH D3 RNDNT—T—
A7 4NV —EAML 256 DREEE R R r .-~’2L APPROXINATED BY EO.(4)
HTH DY, BoLPII 74 NT—IC L BRA[AE 3

FENIHIZIRYBEEICALNE, BEDLHD
FRB TR 2 > Y — D REEE B REE L %

MEASURED

o

E () =40.74(L—T){1 —exp(—at)} (4)

Eb(micro volt)

TIEML 7284 2 "7,

22, @=0.0011253(1/sec), To—T; bt % 1 ,— FILTERED RESPONSE
T o 7TREEEILDERIBETH 5, Hkwr ¥ —
HAREE R FERD AT L4 3 2L —

varTiEbia.,
0.0 4_'

IV. WEB%E e 7"_[;.0) [} 100 200 300
TIME,t(sec)

Ial—zr
Sanford & EMVP T3 Kk FHRHN THEAIC
BEEL 72 2 ADME L —Iz & D HENE
2HTEMET B, 2w H—FKTIE, 2

Fig. 2. Bulk response of velocity sensor

due to step change in ambient tem-
14 perature. The dotted line with
black circles shows the measured
response, and the upper solid curve

KDY — DR EEICF A LI EDE shows an approximated response
given by eq. (4) in the text. The
1+ 7 et 3 N

SHTRL(, TOHFERLMETIZ L, lower solid curve shows the filtered
izt L SEMVP T3, —&ADKHE > response passed through the third
. . . e order Butter-Worth CR high-pass
Vil &> TEA 2B EMET 572012, + filter with a cut-off frequency at 0.01

PH—DT NG ADMBEEIZEBTH B Cps.

B, BA2ESOT Y7 ZICERNL XV S 2018, 2EFFRICER T —n@
RAEER KRE L DUEN D D, BFTOBRM TIL, 50 cm/s DLMEE THEW 0.5 79E 1 &N
AEEEREL, MEAEEOLEEICL 2BENRAZEIT L2012, B5DY 27 v THHA
&7 7 7 27— EFAEE (RFD—-2 A) ootihic & - ChlEY 2 k2 HBL2. §4bb
TEDEA 2 KD ICHIET 2 BAEESOY > 7)) > 713, Wl > ¥ —» 90 FEEET 5 &icAT
b b D THRENLEE) L IZERRIC L S,

DB IMETIL 180 ERET 2 BICH S RIET 50T, 7T— 7 BB TEDHE
MEEAWERE % 555, ZHUEHAMHIMESOEA 2T OMDIERICL » THET 5 Z &L WHE
Thd.

LRk 5T, BA KD u, vISHIET 52 Y —EEF0T 7 ¥ 7S, G 1 EEfE
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BN 4 50 1 WEICKHEICIT b S, Li2h->T, WEXZ FVEEICLELL~LDK
I BB OFERE S RAHENRIIC L -~ THREAS 5.

DEbD LS5 % G5B EREZAV2 L LTORTEDLENS L) HIBEREOHE LY —&
SRNDINFT =27 4 NE—TIREBRBNS 5 FEH DR 2175 5 BE, FEDTESE LD
REICHBLAS» 2388 L - TRETL 72,

REED R UTRRS AL Z N2 NG), ODBELIREL, = % iBEHEE 50 cm/s, M HE
6.6 rad/s TR T T 2B DRE > H—HAE I %1 & -5 TR & 17z Bl % FrE o ik
s 7,

T(2)= 5 To(1+cos 72) (5)

<Z>:<Z:>cos% +<Z;”> (6)
Wk > —knWRIREL T, hiEEEs w & 32 &, 5IRTEH 2 LN 5 BHEERESAH
2w THHET 2ENKE L — 0B EELic T 2 REGEEEE S, ()i

e =aTol(1- 51—+ 2 [ cos B (1—2) - (1-e)dr] @

THZ LN, $72, e Lo, Coy RETTHHREND 3RDNRI—T—X T4 VI —%E8BL
2B Bout (1) 13

2 .3 _
conl =g {LETCES . o(5) | ®

TEHLENDL, ZZIWES)Te)DT 7T 2% I 77 AMTRYELT.
L7d =T, R —nlEmEkHL 0L+ BBk 0.06 vad/s)ich v b A7 %
FOEEMK 7 4 V7 —BBROE Y > —W T Eout (1) 13,

Eou(t)= {FzLUo(—}[_ - cos—’—[Hi )+ FyLw}sin a)t—i—{FzLuo(cos%Uo t— —7—11—)}
coS Wi+ €our (1) (9)
THEZ 515,

Fig.3 » FERIZ, To=25C, to=vp=#mn=vn=50cm/s, H=20m, F,=500007v, £, =25000
Yy DHENDT 4NV F —BBRENFE L —HIET T, WESAICIE L TRIBER S 2B
EuoTnD, ZOFFTEMENT 7)) THRHE» TH > 7l, FIENHEIC L - TE
FOHREREFT>72bD %P - FTERICTRT.

ZOEEEL I, REMHEFHFEHL ZERELCICHDICE 2 LN FESA & D, du, dv
D5 % Fig 4 1073, Fig 4 DGR RMEBORE L > F—n MR EsEB KR LY D
5CEmWHBAET, EMOBI &> ¥ —WEHRE &L REKESQF L WBETH B, W LA IR
DX H—RENREARICH5% LA TV B55A1310.5 cm/s BT OB TRES /i »
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0 19 38 57 76 95 e 133 152 17 190 209 (sec)
’ 8 ¥ 2; 12 22 122 e«
FILTERED SALT-BRIDGE SIGNAL
>
2
=
3 o
w =3
30
r PROCESSED Ex-SIGNAL
>
= r \\\—_—
of L
- 3oL
3°£ PROCESSED Ey-SIGNAL
z [
d t
=
w
- 30

Fig.3. Simulated velocity sensor output (top), and the processed signals correspond to
the given velocity profiles (middle and bottom).
v (cn/s) du.dvicm/s) ¥ (cals) ) dv,dvica/s)
50

100 -2.0 4 z.0 50 100 -0.5 0 0.5

°

DEPTH(METER}

Fig. 4. Reconstructed velocity profiles, and differences between the given profiles and
reconstructed ones obtained from the system simulataion.

HEEN, BTOKBERBICL 2IREETOBEIIZLALRON WV,

INE TICHBNTE WL DD OEANMBEANOKRET 28T, SEMVP n 3R - RIEHIT
wbit/z, Fig. 5lziAtEE 7z SEMVP ONE DT — B 2 R 72 T — 9 BB R0 7
Oy ZJRITH B, st — (Salt water bridge) HHI I 7 4+ V7 — BB RERERE R,
AV S Al R [ R AV SHE = B/ 8= I S/ sV 2N B B R hR PR i -3 (I |- T
DUNRAD LB FOHNIEAI & » TEFRENHEIITEbATIZE Yy POT Y I LE
FICEREND. —F, FERREICUELRMEEEIZENERBHNENE I v—ic Lo Tht
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DATA
NPT

Fx,Fy,L

PLOT.

Fig.5. Circuit block diagram of the Fig. 6. Block diagram of the data proces-
SEMVP electronics. sing system for the SEMVP.

Hansgs, Ihbsidwdnd 128y MESFELT32Xa (P IC A1) —2kE N5,
» &Y —WEIZ SEMVP BT » 7T -2 & D galEn, Fig.6icRmd L) <A
sa7aky = AT AL N REEIN, FESHOERRUCERDITE b,

V. SEMVP o Egisit

SEMVP A v 27 v Ay b 1 7 )WV TEZELSA > FORET T 28K (<> P A, 2040—
BVYBHCLNTZY, 27 NCHERZSZ 52DDRDTA XRVRAEZRET LLENH -
2., ZNRHIZ, BRIBACFOTT2AF v 7ERNE N IR S cm, £ 20 cm OEHERR &
4 BB AT, BEICERGR R & By 5 0 A i BRI KR I K I O A T, e o
T oot 2 BA L WEEEOBREERNICHANL, 22T, BA 0 2KFEEICHT 2ERED

(W/ed) {DO/W)

20.0 — 8-60° 0.15 —

150 [ 0.10 |

10.0 | 0.05

50 1 i I l 0.0 1 1 Il I

30 40 50 60 70 50 60 70 80 20
Wicm/s) 6 (degs.)

(a) (b)

Fig. 7. (w/w) response characteristics of the dummy
SEMVP ; with velocity sensor arm (A) ; without
velocity sensor arm (0). (a) (w/w) v.s. w ; (b) (e/W) v.
s. tilt angle of the wings 4.
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A QLRI X 2 WENGAIHERICNTIREMAL 42) LERTH L, UEAFK o
EATFE wHid Fig. 7(2), OICRT & Jic wic X ERRCHEA 6 0ANDBEHELD, 65
90" 2T (K (w/W) 13 KkEC 23,

EBRIIFRE L OB T 5 EE2 cm, &R 60cm o x 2 0> BH LB fHT 72854 ()
RO RS (—0—) DA DT -2, 20 ENHEIIER LISH/RIC
INEWZ E b B

ROWEZ 3, B L 0 NAE TRLLIFIRICE > THESN 2B H D, EiEEEbHDIcE— 2
PFEERTAI LIS THEL S, —HEROWEICE > TERERERICAX > 7Y 73 a v 84
L, IOHEROME 2 i 2 HFEICERS 2. RoBIREx C, RoBEEICERR T 55KKE D
iR s G ¥ 2L, AFRE o TEET 2R AEEHEHERZ

Z;U —zpsroCLw2—3.35prS’Csw2 (10

TH5zZ L5, ::IuﬁLtyﬁ—&wﬁmLﬁMibnmﬁﬁwﬁf,ﬁka#—mE%
% mo, 3% L SRKORRE me, $0E 70 £ BB [= T2+ Lmert THEZLNB. 21,
n | ZBOWE, s i3EER, p 3KNEETH L. Z’E’%":’Lﬁifﬂi (do/dt) =0 TH 55 LA05 &
r)

w Y _ _nsCe 1
(w) T 6.776Cs 1

&% b, GIRBRMICEBRTH 20 L8R, FBEHERICHyBEAIIKFLTHNBILERLT
W5, BROMERIC & BHHICx L THROFEREZREKRRICE 5 & w=30~60 cm/s DRNISKT B
VA NVZREIZ I DA —F— &%), 2 Range DHLAREUT C=0.0045 & % 5. iz, W)
b 0=80"Icx¥ % G xKedd & C=0.048 %155,

SEMVP 2§ 5B KPEEE Am, 5 7 LVEKEKNEEL v, HEREEL2 SET2
B, SEMVP N$iEERITANTERDLEINS.

iffzfn’t"g pCs - {4Ssing +7#¢} - w? 12

BL, mis SEMVP Deg &, Cs i3t S DR A M & LB DK SREEEw THRET 3
MRSt B RIER SR CH 5. w=30~60cm/s 24T 2 Re iz 10° A —5—2r %D, =
BEDEHURE 2 BROFNFH CRAT 2L C's 1304 &% 5,

< T, SEMVP oyikfs - Mmdzdsid 200, (xX2# 7L TFC 2 &It RN B,

80, £H&E 14.4kg, KPR 1.4 kg DR LRERRE I3 50 cm/s, Z DORE o JEE A HE 1T
R 1 EE ), (T THEBYoMESRLNS, AL, EBICRES ALK, HE
ELICKEERHNLONDERLD, 272 SEMVP 04£REBLEBRAY I - LETEELES
2B U o2 T, IEHELHERD, #ROZBEERE TOTHRERNT—5 (&5, 1982) %AW
THE S LTz,
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HHEE TS FERE Tld, SEMVP % 7 Bk & & A—0&#H %215 & »

ST - T0BD, ZORBICIE, 77 RS - 2 RE G ET 2 I REICZ )

BOTGEIC e Lty 2 AR D, HRAKEFE 4 (2) DD TNOP % w DkMEE T

BT 28, BEzZICBITAREKDKEEES u(2) 2 ¥5 &, Hikiz{u(z)—us(2)} | u(z)—

us(2) |12 HBIL 225007 (= s> 0 OWSIEEN ) & BBt 52T 5, RKOERE me K
FIEEE % dus(2)/dt THRHT LEREDKFES)Z

e du;§z) :%pACé’ Au(z)—us(2)} w(z) —us(2) | 13

TELEIND, hMERE w A —Eh 5, hEER 2 13 z=wt TH2H 5L, (d/d)=w(d/dz) »
TRICE > TN L Z 2 ST AR CEE|I A ZENTES, Lz, HEEZY o (2)
=u(z)—us(z) 2 B¢ &, BRIk L HicHET 5,

du' _ du  pAC{ .|,
dz ~— dz 2msw || 1)

Z 208, AR K FEFLEIC AT 5 ARhMERE, Co I3 PGk, pl3 kKnBETHS, 14
LT, Fig. 8@Icrd i, BENBHNT—EN L THHELEL, FORNH L, FTTIXL THERD
THhERWRESEL2E 2D, Tibb,

o
Z—Z:a:const; m<z<h,
15 2T
du_y L 0<z<h, <z
dz ~— ’ b -4 |+
THEb RN B RS BRI —ERBEE w
TUMT 2, WROME | o |13 2=h § [
DI TRAIC L B (Fig 80). Zofekfis = |
ulz) 0 ulz)
— £
R -10
j4— U(O)—b X
—B:.Sume— -2 |-
[: L
26 L
1 1 1 I | 1 I

o 2 3_ 4 5 6 7
du/dz, (x16°%)
(a) ( b ) Fig.9. Estimated velocity difference bet-
Fig.8. Drifting response of the SEMVP’ ween drifting SEMVP and sheared:
(b), falling through a sheared velo- horizontal flow.

city field (a).
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SUmax THELT &, w=40, 50% 60cm/sD K2 DIFAIZ, FEx OFREY TISITT 5 Sumax (3
Fig. 9o L) At s 0. Thbb, BENDI T T| SUpax | 13K ELD, ZHLLENAE
BT TR, PTOMKERI | Umax | IBREL LD, STHNEMEBZS L, L TOMK
& W BB AE I B X R L RO EEE RN (T B, wTs LT, FrED
HEEEE DR TILEEZEORAIZ 1 cm/s #8252 X%k <, B 73 #IiC B R Rk
EHITHBENT L L VI EN T D URBETHLENT VB EEZ T L,

VI. BENFLHE

SEMVP mif B3, & 7R ABkK TR AT snTwaR L2357 v ) —2 (B
CR) Bk > UTh b 3. SEMVP HERARENFN 2 - Tv 545, Fig 10 127R7 &
G2, AL NN EMLTCBCREEBICEEINZLLEDOEE v, u, ICk > TREDFNE2E52 5
Nk 5. Fig 10 @3 wn, w, DEEKREZRL 2D T, w, EEORNLT =) > 713, w
FRTLTYEERARIBITON T v 7DE—RA L ML »TE—ZICL-opN) ¢ Z6NT
Wh, W iR T w DERIKREVDT, i #W TLTWERAFBVHELCRD w DKL
F=Nr T —In50N5 2 Liddk v, Fig 10 &0 Fig. 10 (o)id w »eiEicFE L, B.C.
RBEOESE w, v 2 SBRENLBEZRLZLDTH 5, BCR#HEIZ SEMVP Rk & 3tz
w THREZ BT T BFE, Bl w pBEICHET 2 & w OEDROENHIHERT D, ZoOH,
B.C.R 2 SEMVP sRIKDE I L D W2 T 527,
BHWREFRZT » 70T— 2> b b AN, Wy Lo
DHRNGT =) > THe—7 b s (Fig. 10(b), =
DFFE T SEMVP BIKIZIED R 2 #1F L, 0BS5S
EFICELL, FRC7 v 7l C Of N TlEL
T w, DESHE LA (Fig. 10(c), SEMVP [35ELUT e
HEED SRR N TFEET 3,

BCR¥ERIIMEL D7 4 — )L FERIC L - THRE
ICHBET 5 Z AR IN T 5, ANENEELE
BLTwDRNBEDERFIZE R 0.24 mm, 1§3.2
mmawT AT AERBOY R EAL CEELT
bbh, EBRICLN, ZoOw xR i3 35%HT
BOWKPTIIA 1.5 BRI THRET 5. L -1,
W DEEIZE >TBCRYH 2B HWHEAT

Mg RIBBON

Y LSMRMBICIIw I R L) R pEmL, B (o) (b) te)
Wz EEEOY) ) B HIT b D Fig. 10. Bottom contact release (a),

and schematics of release pro-
cess (b) and (c).
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VIL RBRTTFRERER

574 8 HICADZE R ric T—2F WE R & & <
SEMVP & 25 A5 E HAt - oD T, THurl7—7Vv
- ERBALR2TFHEREZ T -2, ZOERIIZEEE
BMoIKEE 7T maoME CiThe bz, BL, E#&EHL T,
W AEEEEL Fig 11icRT & oy 72V TP 5
#2.5mTICHT LD TEMLEERL 4 mEBicy Ex
b‘.

REBERIIFUEHRAD ) bREKS (Enx) DA EL,
¥ 72, e =37 4 VS — RUHERESRBERED,
Mo ) ACKT 2 FnE EH Ly PERT—7ICE
L, SEMVP 72 FRIR##IC~<> L a—F BiCReEE
Thrw)HEE Lo,

Fig. 12 3 B4 SN0 —BITH 5 2¢, LERIT AT
NDEBEES (Enx) T, WIS SEMVP o BERiEE D
ELERNFMET L2 > THHNT W5, DA EHS
RS T, RREDANNE ZH TESEFEEL,
N DB & - C SEMVP 553% Fic#E T 3 2 ic HE
L2 ThBEEE & iR % 3, Fig. 12 o TER I3 FIRRIC FLEk
AN TE L F—HIMES T, WERBOERICIEHL TS
ICBADALNEY, BLEEHEOLDIFFEFICENASTIRE
PRLNTW3,

ET — F DT FEIR, TRIEICT— FMERATT
bbb HERICIE-72. BL, T—F13r L a—F5e&
BPHAE SO DERGOT, BEE ETH0.1 sec FRE
NEBEFETEND,

SEMVP oy ikt BEthA» SR E L TORMBIZ 2B
T, EshbEER 4mE L CTFEHORBEEL KD S &
w=25cm/s Rb NS, %7 ERHLE OB HE
DREEHECRET 2 &, F.=0.355 77 &, F;,=0.315 7
w2Ehh, UEOMEIc L > Tz=3.75m% F#r L TK
b 72 MRS A & Fig. 1310 Y. WE7 e 774 v
D (—O0—) N, FHAE DREBCERT 5 HERENE
E2EbLLTHEY, ADTHRRERKICIZIZEAEZD

e s ea — |
VELOCITY SENSER

INSTRUMENT CAPSULE

FIN —%
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Fig.11. Plan view of the SEMVP.
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Fig. 12. Playbacked analogue
records of the flux-gate
compass output (top) and
the velocity sensor out put
(bottom).
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Fig.16. View of the SEMVP and the processing system.
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