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Development and Evaluation of New Sensitive Coaxial-cylinder Rotational Viscometer

Takeshi NASHIMA

Abstract

A coaxial-cylinder rotational viscometer of the outer cylinder rotation type which is suitable for a precise
measurement in regard to the geometry was developed, and the performance was tested. The viscometer
introduced an original structure and a torque measurement method, which produces excellent sensitivity and
easy handling. As to the structure of the viscometer, a collet chuck system which grasps the outer cylinder
surface, that can tolerate slight error of the diameter, brings about an important advantage that the transparent
glass outer cylinders are usable. About the torque measurement system, the principle that the torque generated
by the coil is precisely proportional to the current value was utilized, so that the very wide dynamic range was
attained.

It was demonstrated that the new viscometer is applicable to such as the creep measurement besides the
measurements under the steady rotation. The torque sensitivity of the viscometer was 1.5 x 10-® Nm. The
expanded uncertainty were 0.319% for the most small uncertainty case that the inner and outer cylinders do not
change their relative position and 2.5% when it is necessary to ensure the traceability to the viscosity standard.

It was manifested that the viscometer presents relatively sensitive and fairly precise measurements.
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Photo 1 The inner cylinder (stainless steel) and the outer
cylinder (Pyrex glass) used for the experiments.
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Fig. 1 Schematic diagram of the viscometer: a. torque genera-
tor, b. air bearing, c. inner and outer cylinders, d.
thermostat bath, e. position sensor, f. PID feedback
circuit, g. AC servo motor, h. wide aperture bearing
with cogged belt, i. elevation unit.
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Fig. 2 ISO Standard inner cylinder used for the measure-
ments?, the dimensions of which are determined after
the ISO Standard by referring to the inside radius of the
outer cylinder Ro (7,=10.177): radius of inner cylinder
(n) =R0/1.0847=09.3823, radius of the shaft (#)=0.3
7 =2.8147, cylinder length (L) =3 » =28.147, height of
the cone-shape bottom (L,) =tan(30) »=5.417.
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Fig. 3 Chucking of inner cylinder and outer cylinder.
a: air bearing-rotor, b: air bearing-stator, c: cross
roller bearing, d, e: chucking units for inner cylinder,
and for outer cylinder, f, g: outer and inner cylinders, h:
driving wheel.
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Fig. 4 Magnetic circuit torque generator, a: CORMAX mag-
net with temperature compensation (30X30X10mm?),
b: coil connected on inner cylinder axis being perpen-
dicular to the paper at the center of the figure, c: high
permeability steal.
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showing increase of strain amount with time under the
shear stress ll 0.192, @ 0.383, A 0.575, ¥ 0.767, 4 0.958,
4 1.150 (Pa) loaded after the time zero; shear rate is
obtained from the gradient of straight line to calculate
viscosity values.

Table 1 Results of viscosity measurement by the creep-mode.
sample: JS200H (Standard Liquid for Calibrating
Viscometers), temperature: room temperature=
21.7°C (viscosity of JS200H=110Pa s)

shear rate shear stress (Pa) viscosity (Pa s)
0.00157 0.192 121.8
0.00324 0.383 1184
0.00503 0.575 114.2
0.00680 0.767 112.7
0.00850 0.958 112.7
0.01051 1.150 109.4
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Table 2 Average values and standard deviations of repeated
measurement.
repeat number: 15, sample: water,
measurement routine of shear rate: starting from 1.71
(1/s), increasing with every two lines of the table up
to the highest value, and decreasing with the rest in
the order;
repeating this routine continuously.
shear rate viscosity S.D.
(mean) std. dev. As shear stress
1/s mPa s — mPa
1.71 1.417 0.277 0.475
2.284 0.998 0.170 0.388
3.042 1.355 0.113 0.344
4.051 1.153 0.0499 0.202
5.42 1.244 0.0468 0.254
7.193 1111 0.0371 0.267
9.62 1.149 0.0341 0.328
12.827 1.065 0.0130 0.167
17.102 1.078 0.0167 0.285
22.636 1.057 0.0158 0.358
30.784 1.058 0.0152 0.466
40.506 1.059 0.00515 0.209
54.972 1.068 0.00507 0.279
72.151 1.076 0.00378 0.273
96.202 1.088 0.00334 0.322
128.269 1.105 0.00169 0.217
171.025 1.124 0.00178 0.304
228.033 1.147 0.00115 0.262
307.845 1.173 0.00088 0.272
_027 T M T T T T T
-0.28 -
< 0.29 E
£
< -0.30F ]
46
at: -0.31 E
>S5
© -032+ E
®
£ -033} @ e° -
S ®
® 9
-0.34 | e ®-
_035 1 1 1 " 1 L 1
18 20 22 24 26
room temperature / °C
Fig. 9 Relation between the offset current and room tempera-

ture; the points plotted at 20.6°C and 22.5°C with dis-
crepancy were measured when room temperature was
going up, while many other points were measured when
the room temperature was going slowly down.

oOnEZ 5B, RIEZITo>Twiw, AIEINLEZLD
A, P TETHEDOERLECES>TVEH, 2875 0H
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LSFARS &, LG, THOBREGER2RIE, 202 &7
UEBBPER L T IRCHEIN D TH-Tz, ThiZ
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DTH5. Fig. 10 DFAKIOKE —REBROEE % o, N
HE, XU, HREREOHEONTLEE 2 b, c LTHIE
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Fig. 10 Dependence of the viscosity on temperature of thermo-
static bath O, and inner cylinder A, and the sample
(line) obtained from the temperature-viscosity rela-
tion of the sample (JS100).
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4.4 AFEH ST

4.4.1 BEEHERHLLVEE

B ZATER & OB E OFES R WIEEIE, HIEMEO TR
DERF MV ROEEHHEDTHEN» X DA TH S, bV
DAFE» 312IE, BBHOREY, BRAEDHODY v > b
BHoOBFEOZEYE, BEFOREN, RV, RBHZEDH
W/ AXBEEND, ThS2RE LTS 2EERIIC
ROIERELUTICRT.
BAFHERZHRT 57012, £2TOF— 2 1345
BEANTE Y b LBRIE—YIHEXIE 280 & 2wvw THIE
2Tofk, BEREE TR -NEEE LEREREEDSS
RKip o, BRHREEZRD, HMEOHEICHERZMZ 3., &K
LU HIE DIEHERZE DS HIE 21T o 1o BB DSNE 4 X580z
TP & BRT Z L2 b, HIEIX, JS100 lot147 %20°C THl
L (FEHE L L TI3F520.08°C), 4 DDEEEH (56.3,
177.7,100, 31.5rpm) %2 ERZ 2 7253 & Wi 12 1T - 72, Table
3iXZDH» 5, 100rpm (1285~ TD176 D BIEBEDO T &
BHEREEZRDIERERT. HIET TR RN EDEFEER
ZRVCRERME.2 T, SAZHNERSZWBE DR
DEDVIERINE BB 2 3 po Tz, i, Table 3 DEE#HE
REDMEIR, FOIEHIDOME L TIZ2.dmPa BETHY b2
SREREL VFRIREDLD VNV I DREED /) 4 RS D Z &

Table 3 Effect of temperature correction
sample: JS100 lot147, measurement number: 176, shear
rate: 128 1/s

FEE BEMESZL (20.08C) BEME (200)
] 84.75 85.15
R 0.119 0.0189
BHE (%) 0.140 0.022
85.20 T T T T T T T T
o 5 o ©
O
- 088 C8> © 0O
DE. 85.15 - o C o
N C)OOQO oo o)
Py O @O
@ i
2 o)
85.10 |- - -3 : - R
1 1 1 " 1 n 1 " 1
16 18 20 22 24 26

room temperature / °C

Fig. 11 Dependence of measured viscosity values of JS100
lot147 after temperature correction (Table 3) on room
temperature.
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Jt@gdolt, i, 4 DOEEKEOE S BRI REIE
TR0 1%L E > T 3728, 100rpm D F— % O & %
MY ZEWd 5, Fig. 2 CEAABOHEB s LT
uy bU7z, &7z, Table4 Wiz 2BE2BE L7 —7%, &,
BARDZNZRIZ DN TR Ty L iEREEE S 3 & iz,
i, BEOHELLTIYw, F—F I CRATERE L 25
E2MLTH3, Fig. 12 55, S »HEOWD 13 5M
T 2EERLDHE 2 EnTn s, Fiodh~rk SWZHE
OO T HEERD 27200 TR (HHREE 2 52412 13 &
HTE Tk, B MIHRESHIEEIC»Z DK RE
BRrE5ZTHW3ZLIZHSHTH S,

HEBROEEICE L T3, PEG400% 3K & LT, Rz H
WTEABOEEZRD, RMERHEE L THEREET 3
KB %1T-7-. Fig. 13 ZZDOHER%ERT, Fig. 13 13|hh
ARz, BEBOZWHD 4 HOHESOEE 2 KD b D
ThH2, H, RHPETOHE IOV, KELNEOD L

Table 4 Error of resetting the outer cylinder:

(repeatability test with resetting) sample: JS100
lot147, shear rate: 128 1/s

setting direction of
outer cylinder
average value of
viscosity (mPas)
standard deviation
(mPas)
percentage

over all 0 90 180

85.54 85.92 85.25 85.16

0.37 0.12 0.14 0.09

0.43 0.14 0.16 0.10

864 T l T T
862 v f L

86.0 -

858

(mn R R i
1

856 F - : : o

viscosity / mPa s

854

85.2

O-ooco--0-00-

OO Do-d
1

850F : : .
I 1 I 1

0 1 2 3
cup direction / (n/2)

Fig. 12 Repeatability measurement of JS100 lot147 with reset-
ting the outer cylinder; shear rate: 128 1/s. Quter

cylinder (cup) direction is changed by 90° step.
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Fig. 13 Dependence on sample amount; sample: PEG400 (poly
-ethylene-glycol), shear rate: 12.8 1/s.
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Table 5 Temperature coefficient of viscosity of the Standard
Liquids around room temperature.

HEHENR logl0 - £(T)
JS50 0.051
JS100 0.058
JS200 0.062
JS500 0.071
JS1000 0.076
JS2000 0.081
JS14000 0.099
JS52000 0.101
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Table 6 Evaluation of uncertainty

@ (b) (ab) situation, (a*b%)
source unit  error factor(%) A B C D
7, mm 0.005 111.3 0.556 0.3097
7, mm 0005 1420 0710 05044
h mm 0.02 2.7 0.055 0.0030
in % 0.022 1 0.022 0.0005 0.0005 0.0005 0.0005
chucking % 0.43 1 0.430 0.1849 0.1849 0.1849
sample volume cm® 0.2 0.125 0.025 0.0006  0.0006  0.0006
offset torque Nm  1.5x10* - - - - - -
temperature C 0.1 7.6 0.760 0.5776 0.5776
0.02 7.6 0.152 0.0231 0.0231
total (square) 1.581 0.764 0.209 0.024
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