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LiaL, BEE, &b BT ebn TV ARES L, 46 X b iR DicoTiT,
1) ooy EVv, 40 L o ik DDV TIR 2) Dy PEXHAVTVA. TDL
S5 MBOR S HEX AT AEBIE, SWCETHREOME L ZRNFINAL 57D
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REATH-T, WEEORETH HNEWEEEIZ, B HTECL 2RECHETLIHEMRER
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Fig. 1. The automatic grain-size analyser.
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Fig. 3. Fraction collector in the automatic grain-size analyser for coarse grains (5¢).
S: solenoid, ST: settling tube, M: mortor, MS: microswitch GS: gear box.
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—Dpzyp 12027 TH 5. o & B CRTHELEDOEL, FThEIOME EELKRER
DRENBREX BT, 2EDOEH LTV v F AL CAS w1 T2 T, 2D CdS w1 D
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DOBERL, BOBACHAZ AL 2EOEEL (M—15V) Tth2 (Fig. 4).
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Fig. 4. The automatic grain size analyser for fine grains (4 ¢).
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HOBETIIVOd —BOEE LT WA Enbhoc (Fig. b). Lo T, BEYARALEE
DD DR & EEEKDEMOBERN DL, BREORFORBRHELEH T LT, HEHO
By, MBEOEMNLERL..

ZDX5ILT, MNEOKNESVEL, —RUBEI-RABRLYEREDOEDCHIETTA
h, BOEE BERBEE*RARNCHBE I, BENWCNE T2 EES fithiRy & T 5.
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TREEC L ZHEBYORESITCR T, MELEBEEOMBLYRETHIZLRIELDTER
THD. BIdD L 5 EROMBTCO\VTOWBRELIE S EORATH D, —BCk
FORBESCHRIZZLEALERIN, . 20 L BN CEBEMREXYRIT LTSI
WG X THEED BTFOBEEXYRELTE% (Emery, 1938; Poole et al., 1951; Schlee,
1966). L, SWEOEENSEZ L L AR pEEMREBECY » HEHT,
KRB AERTLERNFOHBLELEN—FTAVEACIE, EV—FRTHZ LIPEFETE 0.
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Fig. 5. Curve showing the increase of the number of rotations (in minutes) with time after the start
of the centrifuger.
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Poole (1957) ix= 2 ¥ — L # 7 ARERFE ST, DL 5 RBEL L, B—DRFOUWMEE
W IEHECRD o0, EECHEBYORB Y AT B LE e EOR FRHOWEEE ICO\T,
AEEEHRCHEYR LTV 5.

XTIk, I AREFROBERESFEX AT, I ARDOEREBCHTHIREEEY K
B, ILE, WEERDOEEEAPK FOMGEECHGEZ HHEYRE L. F7ARI—ECDOHE
EHRE LD, ZOBOUWECHI > CHENSKFTHD. TOERCHWY S AR,
v A—2—TRIELIKEIL 251 ThsH. —1.0~35p 0¥ 5 2%%a Ro-Tap v =~ ~T
054 =Lt A1, BEEETERENRD 75 7 ¥ 3 VOERKE RARERIE) ki
ET, EREND T Z 7 v VERNESFBETONL, ThEhD7 7 7Y 3 VLo TOW%RE
RICRE T 2 3ERE S i iR 2 87 (Fig .6). — oS/ LERKEDO Y 5 AROIWMEEEL E T
BT (Fig. 7).

AR O KR L DR TFOTRBEE DT ERDOF 5 A A 257 5T, K& 10.0°C, 15.0°C,
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CRDLDWWERRIZLENENDIKBRICE T 2HAREDOT 7 ARDILEREN 77 L= v DEH] &
A M= 27 ZADEACHES 2B R LTS (Fig. 7). 22T, »A=vBLIUOR =27 20%EHl%
5 TCH 7 AN —BRICIRBEEDOREE L LT HELR TV AIRERNOREDHEAXT L\,
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Fig. 6. Frequency curves of the control samples composed of glass balls of known size and proportion.
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Fig. 7. Settling velocity of glass balls.
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Table 1. Settling time of quartz balls (density: 2.65) of various sizes through the 130 em high
water column at 0-30°C water temperature. (Time unit in seconds).

tor r?ltf)aerr o diameter of quartz balls (density: 2.65) in g
ture

°C -1.01-0.5{ 0.0 0.5 1.0 1.5 2.0 2.5 3.0| 3.5| 4.0 4.5 5.0
0 56| 7.3 9.8 14.0 21.0 31.3 49,3 86.0 166 | 325 | 640 | 1270 2530
2 55| 7.2| 9.6 13.9 20.5 30.9 48.0 82.0 159 1 309 | 605 | 12.0 2410

4 541 7.1} 9.5| 13.7 20.1 30.0 46.8 78.0 152 | 292 577 | 1150 2300

6 541 7.0 9.4 13.5 19.9 29.5 45,5 76.0 145 | 276 | 542 | 1090 2180
8 53] 6.9 9.3 | 13.4 19.5 28.9 4.2 73.5 139 | 262 | 517 | 1035 2075

10 52| 6.8 9.3] 13.2 19.1 28.4 43.0 71.0 133 | 248 | 487 985 1965
12 52] 67| 9.2 13.0 18.9 27.8 42.0 68.0 127 | 235 460 925 1870
14 51| 6.6 9.0| 12.8 18.6 27.1 41.0 66.0 122 | 223 | 437 830 1775
16 50| 6.5 89| 12.6 18.3 26.6 40,0 64.0 116 | 212 12 840 1695
18 50| 6.4| 88| 12,5 18.0 26.0 39.0 62.0 111} 200 390 797 1600
20 49| 63| 87| 12.4 17.6 25.4 38.0 60.0 106 | 190 | 370 757 1525
22 491 6.2 86| 12.2 17.3 25.0 37.0 58.0 101 | 180 ] 359 720 1450
24 48| 6.1 85| 12.0 17.0 24.3 36.0 56.6 971 170 | 330 680 1360
26 48| 6.0| 84| 1L9 16,7 23.9 35.2 54.5 92| 162 | 310 640 1300
28 47| 6.0 83| 11.7 16.4 23.4 34.4 52.5 88| 153 | 29 6i0 1235
30 46| 59| 82| 1L5 16.1 22.9 33.5 51.5 85| 146 | 280 580 1175
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BEELNTEOBERAZOSFRTLDL 51l TV A0 ERF L TR LERH D, 20

BRHADEDIC, F¥IAR AELE DRI VE A DEDEDIZOTO0ME 3¢ ORRBEOK T
%05 ZTLILEATL, £75 7V VOEERY —ERLLE, TORMXYESLTISHA
RO T 1P SLRBIL, FRERD7I 27 3 vOEEY —BRLThD, BOERASLT,
BRSO MECEEEARFA L. SIS LTELNAELEC L 28ES MM, BREN
RIS 72 DI Lo o T—RRIC N+ 5 (Fig. 8). #itBEIRBI KRR L F—FE (ER)
THUL, BONAEEMBIREOEIRISERF T 22T TH 50, 2 ZICBLR I
R B LR MOFHRCHE LT 2R e X W RERT 52 Ladbn e (Fig. 8).
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Fig. 8. Frequency curves of the control samples composed of quartzose sand

of known size (0 to 3¢) and known proportion of each 1 and 2g. (left
and right) at each 1¢ in 250 and 500 mV in range of the recorder. The
2 lines in the right figure increase in proportion to the square root
for settling time.
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7B T AICDIIEELFEHTH S, £ 1P ZL0RE1g SoDRKE 28 S50 KRB H
MLTELRSEES MBI RCHELTERC 2HC-o TV AHZ ERELDLRI. Lic
5T, ZORKEOMH HEEASMMRITS CERNLEITICH 2 5 & ERmTE 5 (Fig. 8),
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DML TRANICHBRESFBIREEZ DN DRES IR L OBITD DD BER A IZIFR -
LTWBEEZLRD. ZOSHBOETNLOFED 5 b, HRFFANCR S EE LA, ThRREHE
CETAEEMBESNEE LY HBNCEAZ ENTELZETHAS. ERIDWTRHEEIBE L
LTHELRTET VDT, BaDEHPEREY L ius, W LcHBEYORESfF M52
ENTERD ST, ZODWBETIIAON & R CEBES MBI EONE. Dz Lk, #BY
CERALTWAREA DBERYESINC LS CENCHN T2 2 L2480, #EBYORBKTCHEEY
DR EHBDOMAENFENBRAIEFCER It FR D EZZDNRS.
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Automatic Grain-size Analyser
for Sedimentological Investigation

Nobuaki Niitsuma

Abstract

The methods for grain-size analysis are discussed and new instruments for the purpose are
described. Analysis should be made automatically and within a short time on all of the grain-sizes
of the sediments by a sedimentational technique in order to avoid possible technical errors. The
result of the analysis should be recorded directly as a continuous frequency curve of the grain-sizes
and the fractions of the sediments should be collected for further analysis.

The newly designed instruments include a separator, and two automatic grain-size analysers
for both coarse and fine grains (Figs. 1 and 2). The instruments include electronic recorders to
obtain automatically the continuous frequency curves of the grain-sizes of the sediments during the
analysis.

To save time for grain-size analysis, the apparatus separates the sediment samples into
fractions of grains coarser and finer than 5. The apparatus consists of a plastic tube, 35 mm in
inner diameter and 37 cm in length with a funnel in the top and glass tubes in the middle part and at
the bottom of the cylinder. The grains of the sediments accumulate in the tubes separately accord-
ing to their settling rates in the cylinder filled with water.

The main part of the analyser for grains coarser than 5¢ consists of a glass tube of 19 mm in inner
diameter and 160 cm in length with a funnel at the top, a collector at the bottom, and the measuring
equipment located around the lower part (Fig. 2). The stopper of the funnel is removed automatically
by an electromagnet. The measuring equipment consists of a projector charged with stabilized
electricity and a CdS-cell receiver which transmits the light value projected through the glass tube
to the electronic recorder. The collector comprises seven rotative cylinders which are stopped at the
bottom of the the tube in turn by a microswitch (Fig. 3).

The glass tube is filled with water pouring from the lower part. The prepared sample of
sediments in the funnel is thrown into the tube. The sediment grains settle at different rates
according to their shapes and weights. The shading effects of the falling grains are recorded continuously
by the CdS-cell receiver. The grains are deposited separately according to their settling rates in the
successive cylinders of the collector intermittently rotating at the bottom of the tube. Each part
of the analyser works under control of signs recorded on tape.

The analyser for the grains finer than 4¢ is set in the centrifuger. It consists of a test tube
with measuring equipments at two levels which are connected with the electronic recorder. The
electronic recorder automatically draws the curve of the differences in the shading effects of the settling
grains at the two levels of the tube filled with distilled water in which the grains are suspended. The
curve drawn by the recorder represents the frequency curve of grain-sizes (Fig. 4). The changes in
the rotation of the centrifuger are known by the repeated measurements (Fig. 5).

The settling velocities of glass balls of 2.51 in density ranging from -0.1 to 3.5¢ in size were ex-
amined by the analyser as a reference for the interpretation of the curves drawn by the automatic
grain-size analyser. The balls were sieved at intervals of 0.5 8 by a Ro-Tap shaker and the maximum
and minimum diameters in each fraction of the sieved grains were measured under a binocular mi-
croscope. The fractions of the glass balls were analyzed at water temperature of 10.0, 15.0, 18.0, 19.5
and 22.0°C. The settling velocities of the grain-sizes of every fractions are shown on the curves of
Fig. 6. The result of the measurement shows that the settling velocity of the glass balls of the size
ranging from —1.0 to 3.5 ¢ coincides well with that calculated by the equations of Karmén and Sto-
kes (Fig. 7). The table 1 shows the times for settling of quartz balls of 2.65 in density, which are
used usually as standard grains in sedimentology, through the water column 130 cm high at 2°C
intervals of water temperature, which was calculated from the measured velocities of the glass balls
after density correction by the equations of Karman and Stokes. This table gives the sizes of the
quartz balls equivalent to various grains settled in water at the same velocity.

Some technical problems on the automatic grain-size analyser are mentioned in the text.



