1 C SPECI FI CATI ON ROTARY VI SCOSI METER 5

[ Techni cal Fi el d] ‘The present invention relates to, Jp rotary Vi scosi net er
for measuring the viscosity of a liquid by bringi ng a rotor into contact
with the liquid, and rotating the rotor via a spring and in particular to a
rotary viscosineter which is capable of 10 automatically neasuring the(
viscosity characteristics by using a sprling rel axation technique in an %
ultra-low fluidity range. [Background Technol ogy] Such r ot ary—

vi scosi neter whi ch neasures the viscosity 15 charact er@&c &b %s%a?b .
liquid in an ultra-low fluidity range by using the rela on of a spiral
spring is disclosed in a report entitled "A new nethod for the viscosity
measurenent of paint in setting, SaQPEMYFICATEON ng and penetration shear
rate range of .0.001 to 1.0 reciprocal seconds usFng a cone/plate spring 20
rel axati on techni que" by T.C. Patton, Journal of paint technol ogy, Vol. 38,
No. 502, Nov. 1966. This viscosineter is a nulti-purpose rotary .

vi scosi meter havi ng a cone/ pl at ROTARY VISGOSIMETERg uni t

(Wel I s-Brookfield mcro visconeter RTV cone plate nodel). The summary of
the structure of such a viscosineter is 25 shown in Fig. 4. The

vi scosi meter includes a scale disc 3 secured to a drive shaft 2 which is
rotated By a[Technicgl diedd] 1 with a 2 reduction gear. A rotor shaft 5is

connected with the lower end 21 ) ]
The present invention relates to a rotary viscosimeter for

measuring the viscosity of a liquid by bringing a rotor into contact
with the liquid, and rotating the rotor via a spring and. in
particular to a rotary viscosimeter which is capable of

10 automatically measuring the viscosity characteristics by using a

spring relaxation technique in an ultra-low £luidity range.

[Background Technology] '
Such a rotary viscosimeter which measures the viscosity
15 characteristics of a sample liquid in an ultra-low fluidity range by
us;'ing the relaxation of a spiral spring is disclosed in a report _ C
entitled "A new method for the viscosity measurement of paint in
setting, sagging, levelling and penetration shear rate range of
0.001 to 1.0 reciprocal seconds using a cone/plate spring
20 relaxation technique~ by T.C. Patton, Journal of paint technology,
Vol. 38, No. 502, Nov. 1966. This viscosimeter is a multi-purpose
rotary viscosimeter having' a cohe/plate rotor in a measuring unit
(Wells-Brookfield micro viscometer RTV cone plate model).
The summary of the structure of such a viscosimeter is_
25 shown in Fig. 4. The viscosimeter includes a scale disc 3 secured

to a drive shaft 2 which is rotated by a driving motor 1 with a



of the drive shaft 2 via a spring 4. Asanple liquid 9, the viscosity of
which is to be neasured, is disposed between a cone rotor 6 and a plate 7
bel ow the |l ower end of the rotor shaft 5. This 5 condition is enlarged
and shown in Fig. 5. On the other hand, a pointing needle 8 which extends
above the scale disc is secured to the rotor shaft 5 so that the relative
angul ay_di spl acenent between the drive shaft 2 and the rotor shaft 5 can be
read fromthe position of the pointing nédedle 8 on 1 0 the scale disc 3.

If the torsional spring constant of the spring 4, the size of the rotor 6
and the rotational speed of the rotor are deternmi ned, the scale pointed to
by the needle 8 on the scale disc 3 is proportional to the viscosity of the
sanple liquid. Accordingly, the viscosity can be determ ned fromthe scale

1 5 pointed feguetiongeaee A erctor | shdffes dgsephinécted Wit e ORAwet il 21
principle of the viscosineter set forth in the above nentioned report, it

i s assuned thef theedrigtoshafioad tvia, at §pringtdr A samplbhligﬂtd B,i fhe NdsebsityB
are engaged with the lower end 21 of the drive shaft. 20 However, the
system of t heof ovhiclsliafto bei measared) &s idisposed besweentareoneArotordiongl vy,
In an actual viscosineter, the rotor shaft 5a is borne by a pivot 11 and a
bearing 12 neand od platstobelow thedowien &idy.ofc the rover shaft GppEhisend of the

rotor shaft 5a is prevented fromsw nging by a pin 13 penetrating into a

hole in 25 condi tis emlergadhandoshowmin Figir8sented with reference

nuneral s suffixed with a of the corresponding parts_ in_Fig. 4. 3

Ao On the other hand, a pointing needle 8 which extends above

the scale disc is secured to the rotor shaft 5 so that the relative
angular displacement between the drive shaft 2 and the rotor
shaft 5 can be read from the position of the pointing .needle 8 on

10 the scale disc 3. If the torsional spring constant of the spring 4,
the size of the rotor 6 and the rotational speed of the rotor are |
| determined, the scale pointed to by the needle 8 on the_ scale disc
3 is proportional to the viscosity of the sample liquid.
Accordingly, the viscosity can be determined from the scale

15 pq'inted to by the needle 8.

In the description of the operation principle of the
viscosimeter set forth in the above mentioned  report, it is
assumed that the rotor shaft 5, the rotor 6 and the pointing
needle 8 are engaged with the lower end 21 of the drive shaft.

20 However, the system of the rotor shaft 5 is unstable in such a
~ structure. Accordingly, in an actual viscosimeter, the rotor shaft
S5a is borne by a pivot 11 and a bearing 12 made of gemstone as
shown in Fig. 6 so that the upper end of the rotor shaft Sa is
. preireﬁted- from swinging by a pin 13 penetrating into a hole in
'25 the shaft. The other parts are represented with reference

numerals suffixed with a of the corresponding parts in Fig. 4.



However, a reference nuneral 4a corresponding to the spring 4 in Fig. 4
denotes a spiral spring. A reference nuneral 17 denotes a jacket for

mai ntai ning the sanple liquid at a constant tenperature, to which
ci.rculating water is introduced from a 5 separately provi ded constant
tenperature, bath. Since both the pointing needle 8a and the scale disc 3a -
are rotating during neasurenent of the viscosity in the present (o,
viscosinmeter, it is hard to read the $cale pointed to by the needl e during
the rotation of these parts. Accordingly, standard 10 operation of the
present viscosinmeter is perfornmed as follows: After the indicated point or
the scal e has becone stable after starting the rotation of the
viscosimeter, a clanp lever 14 of Fig. 6 is depressed downward with a

finger to plsWever,2aPvéferefce Mmbmépaladauedries uham%n_ tb} the TSpingays gy 2
scal e disc shaft 16 engaged 1 5 with the push-up chip 15 and the scal e

di sc 3a |i Wigd 4nidendtes @ ispitallsptingbeAl réfershoep wumieralbsl?2 denodes af this,
the pointing needle 8a is clanped relative to the scale disc 3a to keep the
scal e posi jacketwifior ennintainingt ithg senple liguids atngagenstanth one of a nunber
of knurled grooves (not shown) forned on the outer 20 periphery of the
scal e di sc tempgnature, rto: avhicht wirowlatinghavaser tis. imrodpoedt framnaedl e 8a i s
st opped_ whil e cl anped on the scale disc 3a when the notor is stopped in
this sthteseparately nprovided ceastangoitemperatingy bath. poi nti ng needl e can be

easily read. Whgp the clanp |eyer, 14 is released, the pointing needle is -
di sengaged 25 §¥'¥Q9m?1%£ %mmm& needlg Fla%“‘fﬁ@epéﬁ:ﬂpi ﬂ@%gadaee 8a i s ‘w

rel eased to return,tq the "0" gositio? n the scal e, di %c.
. rotating during measurément of the viscosity in the present

viscosimeter, it is hard to read the séalfe pointed to by the needle
during the rotation of these . parts. Acco'rdinigly,.. standard -
10 operation of the present viscosimeter is performed as follows:
After the indicated point or the scale has become stable after
star_ting the rotation of the viscosimeter, a clamp lever 14 of Fig. 6
is depressed downward with a finger to push up a push-up chip
15 around a fulcrum 14'. This ‘causes a scale disb shaft 16 engaged
15 with the push-up chip 15 and the scale disc 3a linked with the | =
shaft 16 to be lifted upward. As a result of this, the pointing
needle 8a is clamped relative to the scale disc 3a to keep the scale
position while the pointing needle 8a is engaged with one of a -
number of knurled groo\fés (not .shown) formed on the outer
20 petiphery' of the scale disc 3a and is rbtated together therewith. .
The pointing needle 8a is stopped while clamped on' the scale
disc 3a when the motor is stopped in this state. Accordingly, the
scale pointed to by the pointing needle can be easily read. When
the clamp lever 14 is-released, the pointing needle ‘is disengaged
25 from the scalié disc 3a--s6 ,th_a.t-' the pointing needle 8a is released to:

return to the "0" osition -on the scale disc.
p
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4 The above nentioned report nmentions the viscosity neasurenent by a spring
rel axation nmethod using the relaxation of a spiral spring in the above
menti oned viscosineter. In the viscosity nmeasurenent using the spring

rel axation technique, the 5 rotor is manually rotated until the spiral
spring of the viscosineter assunmes a full scale position (in which the

poi nti\ng needl e points to "100" on the scale). This operation is carried
out without a measuring unit installed, 4nd before the sample liquid is

| oaded between the coil and the plate so that the pointing 10 needle is
clanped in this position. Wnding of the spiral spring is conducted by
manual |y and slowy rotating the rotor at the |lower end thereof until the
poi nting needl e points to "100" on the scale. In order to fix the pointing

needl e in this pPospRd Cdhove EmenPidred ¢ [ 3 [ [ pound
condition, the cl ;rrr‘})é F%?/%Yei?e?l?lxaeﬂ irfg?ogpt‘ﬁghggg&ggbedﬂgg?ﬁtygn, for

exanpl e, by whedsiferdehtbb Fabﬁﬁﬁn@’ etk dtith | métod fising TRE CeSlanati d
clanp lever. Thereafter, this condition is maintained until the lever iIs

rel eased for pfrd aspiralg sphimgadh utle \aboves nenticead ndsessimetensgaugis | y, the
viscosity nmeasurenent is performed by the follow ng steps. 20 A
stopwat ch i s viscosityzaneasuremerd lusing the cspringeselakatipni nechwiquegdtlee at
"100" on the scale is released Sinultaneously with this, the stopwatch is
started. Phenrotoneispanasually t rotatedh|untihithe: $piralhsprimge®fobthe he needle is
read at appropriate intervals (for exanple, at intervals of 10 to 15 25
sekonds at t heiscosimetsr assumesisarBrbricaly pesitien &in iwhichy she peinting
seconds near the_end), The neasurenent is conpleted over, . .
needle points to “"100" on the scaleg. This operation is carmried out
without a measuring unit installed, and before the sample liquid
is loaded between the coil and the plate so that the pointing
10 needle is clamped in this position. Winding of the spiral spring is
conducted by manually and slowly rotating the rotor at the lower
end thereof until the pointing needle points to "100" on the scale.
In order to fix the pointing needle in this position, i.e. to fix the
spiral spring in the wound condition, the clamp lever is fixed in
&,‘ 15 the depressed position, for example, by winding a rubber band
around the lever after depressing the clamp lever. Thereafter,
this condition is maintained until the lever is released for |
performing the actual viscosity measurement. Subséqucntly, the
viscosity measurement is performed by the following steps.
20 A stopwatch is set to zero and the lever which fixes the
pointing needle at "100" on the scale is released
Simultaneously ‘with this, the stopwatch is started. Then, the
point on the scale which is indicated by the needle is read at
appropriate intervals (for example, at intervals of 10 to 15
25 seconds at the start of the measurement cycle and at intervals of

30 seconds near the end). The measurement is completed over

L P
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5 several mnutes. The neasurenment is term nated when the change in reading
since the previous reading becones | ess than the m ninum scale division.
Then, the thus obtained data are plotted on semlogarithmc 5 gr aph
paper. The readings are plotted on the |logarithmc scale (two cycles) and
the tine data are plotted on linear scale. The resultant curves are "
exenplarily illustrated in Fig. 7. Thegviscosity at a desired point oR.he
curve, the shear stress.correspondi ng ?o this point and the rate of shear
are determined 1 0 as follows: The shear stress is determined froma
coordi nate value on the logarithm c axis, through which a horizontal
straight line is drawn leftward froma point to be determ ned. The reading
is proportional to the shear stress and can be converted into the 1 5
shear stresseverdl cBHAULRS.| M@P@Wﬁﬂe%llﬁl texminpted mhem thepropriate
constant. |f_ the nmxinmumtor responding to the full scale 100) of
t he spiral §‘M“P%® B fﬁﬁg} B§¢ n&;\eerPTP%lqll@pF degpmes (lpss tthant or que
I\/B relative to the desired,scaje Sis. represented by a 20 formula (1). M
= (S/100) [ ethg minimum geale, Jfyision. ne enl ar ged view of the cone rotor

poris on aui o oChieh b vty hagfntl ey "o Bl o8> 3 RReRBRIBIE,  ong
{he st 2l ONBLauf) Sifer"Fhb Feddthgh'ark! plBibd B’ 1bGritAMc! ScdigP" esent e

by a foilmul
(two cycles) and the time data are plotted on linear scale. | \;

The resultant curves are exemplarrly illustrated in Fig. 7.
The v1scosrty at a desired point on the curve, ‘the shear stress
corresponding to this point and the rate .of shear are determined
10 as follows: _ _
The shear stress is determined from a coordinate value on
the Iogaritlim-:ic axis, through which a horiion_tal’- straight line is
drawn leftward from a point to be determined. The readi'ng_ is
proportional " to '-the. shear stress and can be converted into the
15 shear stress represented in dyne/cm? by ~multiplying it by an -
appropriate ‘constant. | _
- If the maximum torque (correspondmg to the full scale 100)
of the spiral spring of the viscosimeter is represented by Mioo,
the torque Ms relative to the desired scale S is relrresented by a
20 formula'(_l).
= (§/100)M100 .... (1)
As shown in _t_h__e_ enlarged view of the cone rotor portion of
Fig. 5, the relation between the shear stress applied upon the
sample liquid loaded between the rotating. cone of the
25 viscosimeter and the stationary plate and the tortlue M applied

~upon the cone is repre_Sent_ed by a formula (2).

R A R
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6 [err] (shear stress) = 3MJerr] .... (2) wherein r denotes the radius of
the cone. A formula (3) is obtained by putting the formula (1) into the
formula (2). [err]= 3(S/100)/2[err] ... (3) 5 wherein [err] is the
shear stress applied upon the sanple liquid when the point on the .scale is
S. A case in which the pointing needle is prelimnarily clanped in the
positidam of the scale Sis firstly considered. Although 7 a torsional
reaction force of the spiral spring is agplied upon the rotor in this
phase, the rotor is prevented fromrotating by a clanp mechanism Wen
clanping of the rotor is released on starting the neasurenent ([err]), the
spiral spring is relaxed so 5 that the rotor conmmences rotating. If the
change in the indicated point on the scale during a very short period of

time dt is represented R gle r] (in radian) by which
the pointing needle is ﬁi?]ardgﬁéﬁg the p %?gd of[(? rre dt is represented by

scal'e val ub mﬁ?chw*gersm & Semolt? gt TS G 30 Wne A7 28BN Al o
pitch at whi P&&Fﬁangﬁ’(aﬁ? “pzc}i‘gof%{lﬁe (ﬁ?airﬁoph’?é o?hﬂ?hgﬂ scosi neter.

I'f the rotationa poitnting needl
ts = 3(S/100)Mioo/2xr3 ... (3)
5 wherein t s is the shear stress applied upon the sample
s ~ liquid when the point on the scale is S.

A case in which the pointing needle is preliminarily clamped

in the position of the scale S is firstly considered. Although



15 desiredtinme is represented as radi an/second, [err] = [err]. Aformla
(5) is obtained if din the fornula (4) is converted into this
representation. [err] The shear rate Dis represented by a formula (6) in
20 consideration of the shape of the cone in the cone/plate viscosineter.
-D = Jerr] ... (6) wherein [err] and[err] denote the _
rotational angular vel OCIty and the angle of the cone, respectively. \Eg
A formula (7) is obtained by puttingJerr] in formula (5) into formula (6).
8 D= (ds/dt)(2 [err]Ca) .... (7) Te viscosity n of the sanple liquid is
- defined as the ratio of the shear stress to the shear rate. In other words,
the basic fornmula of the viscosity is given by a fornula (8). 5
[err](viscosity) = [err]shear stress)/ D(shear rate) ... (8) A fornula (9)
i's obtained by putting Din fornula (7) and in [err] forrmula (3) into
formula (8) and borsienal seggition i forcelsof the spifair spritlg is applied dpbn From
(9, 10 ~[err] [err] Since the values in the parentheses are
det er mi nedlhbyrotm' im athist plmsedl thedlromrsmacpr&veateldorfrmh roaating byl e
torque scal e

clamp mechanism. When clamping of the rotor is released on

starting the measuremem (t=0), the spiral spnng is relaxed so

5 that the rotor commences rotating.

&

If the change in the indicated point_. on the s_¢é.l_e during a
very short period of time dt is rcpreseﬁted _a_s’_ ds, a very small
angle dé (in radian‘)"by whi_ch the pointing needle is mbved during

“the period of time dt is represented by formula (4).
10 de = (ds/C2m ... (4) -
| wherein constant ¢ denotes the full scale value which is
obtained by- dividing by 360 at the same graduation pitch at
which the scale reads 100 on the scale plate of the viscosimeter.

"If the rotational angular speed of the pointing needle at the

15 desired time is represented as radian/'seb.ond,_ o =de/dt. A ™
t‘o.i'mula {5) is obiained if d in the formula (4) is converted into
this representation.

@ = do/dt = (ds/dt)(2z/C) .... (5)

The shear rate D is represented by a formula (6) in

20 _consideration of the shape of the cone in the c—onélplate-
viscosimeter, |

D=o/la wes (6) |

wherein @ and o denote the rotatienal “angular velocity and
the angle of the cone, respectively. | _

25 - A formula (7) is obtained by putting @ in formula (5) into

formula (6).



plate of the spiral spring in the viscosineter, the cone size, and the
angle, they are determ ned by the design of the viscosineter. 15
Accordingly, the forrmula (9) can be sinplified as represented by formul a

(11). K= TJerr] [err] ...(11) From the formula 11, the
viscosity at a desired point on the 20 g curve whi ch i s obtained as shown
in Fi / is obtained by drawing a straight line which is tangential to

that point.. The viscosity[j et r(]jsmj(zbg{]@&tyr m neg7py the cal cul ation based
upon the in proportional relation of the viscosity with the gradient d | og

S/ [err] as is giverhdyvishesitprfUbL thd. sakiples MRjaid Sis' 86finé@'dy tRE Fatide of

shear rate Din this 25 point can be determ ned by the relations set

forth in formul gfe (sheafNétrésd) to! GiPRRkhY late, TRCoMRIUSOrdS] theabssic
determned fromthe 9 dinmensions of the viscosineter and the nmeasurenent
data in such a fermela ofetheelviscusity i diven By dhforimilgo@)ng is the gist of
t he above nentioned report. Wen the viscosity neasurenent using the spring
relaxation § technique m¥viscoSityded t(shear stbessd/ D{sheanadte)onyef8) onal
art, the clanp |lever should be fixed by a rubber band in order to clanp the
poi nting needl e by pAeformular (9) isceobtained byt putting aDr i doramlah@) hhd in
spiral spring is wound to a full scale position and by depressing a needle .
clamp | ever. Wes farmulaafd)y dmantformula (8t andebly rearfangisgeitsary to renove

t he rubber band while the needle ¢lanp | everziss depressed wth a finger and
to read the . ds / S = (3Ml 0C0./41l r IOOﬂ)dt "ee ( 9 )
From (9, o
10 | dlnS= (3M100C a/ 4x2r3100m)dt

n =(3M100C o / 4n2r3100)/(dinS/dt) ~(10) -~
Since the values in the parentheses are determined by the

graduation. dividing specification of the full scale torque scale
plate .gf the spiral spring. in the viscosimétcr, the cone size, and
the angle, they are detetfnined by the design of the viscosimetér.
15 Accordingly, the formula (9) can be simplified as represented by
formula (11).
| K = 3M100Ca/4%3100-2.3
v - n = K/d logS/dt «(11)
From the formula 11, the viscosity at a desired point on the
20 curve which is obtained as shown in Fig. 7 is obtained by drawing
a straight line which is tangential to that point. The viscosity i1 can
be determined by the calculation based upon the in proportional
relation of_ the viscosity with the gradient d log S / dt as is given
by the formula 11. The shear stress ts and the shear rate D in this
25 point can be determined by the relations set forth in formulae (3)

and (8), respectively. The values which are determined from the



poi nted scal e at predeterm ned intervals which are tined fromthe start of
the nmeasurenent, when a finger is released fromthe clanp | ever, while

| ooking at a watch. There are problens that 1 5 this operation is not only
very troubl esome, but also two operators are necessary to read the pointed
scale and to record it while |looking at a watch. [Summary of the Invention]
20 It is a first object of the _present invention to provide awygtary
vi scosi meter which is capabl e of aut offat i cal | y measuring the viscosity
characteristics-in an ultra-low fluidity range by a spring rel axation
methad. It is a second object of the present invention to provide a 25
rotary viscosinmeter which is capable of performng the steady rotation
viscosity neasurenent by constant speed rotatiton as well 10 as the
spring rel dipicnefon®idodhe! Vistodihei? aREOM imBasirenidRY AafENid yR® i rst
obj ect, in an aspect of the present invention, there is provided a rotary
vi scosi met @ manrlexdareg set fotthr imtFigh 7.s driven to rotate while contacting
with a liquid, the viscosity of which is to bhe 'neasured; a rotor shaft

whi ch supports The faregoingdsi thea gisr of the aboybafitentionedr geposti ting a
rotational drive force to the rotor; rotating drive means having a drive
pover sour Whesr thei vnsngsnme men&nremntousm shel springt pelaxationt f or

out put tj trh)“drlver po a second drive shaft for transmitting the
drive p% RCERNIGNE 15t Perig) nmed in the ab qwmn%nqml.scmvemam [ ARY
li nki t shaft h d d ft -
' nking Saltﬁle éJIa ) Sevglr shvt\alllﬁcgJ Itae Fixet ny a rrlugge r]J%md in order to oo/

clamp the pointing needle by preliminarily manually rotating a
rotor so that the SPirat spring is -wou.nd to a full scale positioi} and
by depressing a needle cl'a_mp lever. Whéh. the measurement is
10 started, it is necessary to remove the rubber band while the
needle clamp lever is depressed with a finger and to read the
pointed scale at predetermined intervals which are timed from
~ the start of the measurement, when ' a finger is released from the
clamp lever, while Iooking at a watch. There are 'prdﬁlems that
15 this operation is not 'oniy very trc;ublésbme', but also two - ' -
operators are necessary to read the pointed scale and to record it

while looking at a watch.

[Summary of the -Invention]) |
20 It is a first object of the present invention to provide a
- rotary viscosimeter which is capable of automatically. 'measuring
the viscosity characteristics in an ultra-low fluidity range by a
sprmg relaxation method.
It is a second object of the present invention to provide a
25 rotary viscosimeter which is capable of performing the steady

rotation viscosity measurement by constant speed rotation as well



a spring for transmtting the drive power therebetween; support neans
havi ng a pivot and a bearing for rotatably bearing and supporting the rotor
shaft; and a second |inking nmeans whi ch bypasses said support neans for
linking the rotor shaft with the second drive shaft; characterized.in that
sai d vjscosineter conprises rotational angul ar displacenent detecting nmeans
for dedetting the rotational angul ar displacement of said rotor shaft with
respect to the output shaft; 20 Vi scasqty cal cul ati ng neans for :
calculating the viscosity fromthe resdltant angul ar di spl acenent; pivot
protecting means having a | ocking mechani smfor |ocking and unl ocking the
rotor shaft against and for rotating, respectively and a pivot separating
mechani sm for separating and contacting the pivot of said support neans
fromand 25 vv'hth the bearing, respectively; and control neans for
control | ing i dheoSBEINgg relaxasioneamethadd sai d pivot protecting means;
sai d pivot protec&i ng means having a first state in which the rotor shaft
i s | ocked agai nst 1R oPEderno aee igh wbe abowveaimientippedt firsebbjéét, Shpar at ed
fromthe bearjing and a second state in which the pivot of said support ’
nmeans is in @%t%éEchqfhﬂF%d”Séﬁ'Pﬁ Agvention,othensginfproveded : aoresarghaft is
rel eased; said control neans having a control node for neasuring the
vi scosity by viseoNiidder ncludinga ool Which i¥hdriven 16 rovate’ whilgeans has a
capabi | ity of controlling the Ppivot protecting neans so that the pivot
protecting neontadting with& liguid, theaviscosity of whith b benpleasurad; od
measHrement and in the second state during 10 neasurenent and having a
capabi l ity ofrotenshaft! whicls suppsras ahe rotel and iseafisstsdriveashaftifot or que of a
spring of the first Iinking neans reaches _ '

transmitting a rotational drive force to the rotor; rotating drive means

havihg a drive power source for driving the rotor to rotate and an

lo output shaft for outputting the driver power; a second drive shaft for
transmitting the drive power to the rotor shaft; a first linking means
for elastically linking said output shaft with the second drive shaft via
a spring for transmitting the drive power therebetween; support means
having a pivot and a bearing for rotatably bearing and supporting the
rotor shaft; and a second linking means which bypasses said support

v L3 means for linking the rotor shaft with the second drive shaft;

characterized in that said viscosimeter comprises rotational angular

displa’cement detecting'means for detecting the rotational angular
displacement of said rotor shaft with respect to the output shaft;

20 viscosity calculating means for calculating the viscosity from the
resultant angular displacement; pivot protecting means having a
locking mechanism for locking and unlocking the rotor shaft against
and for rotating, respectively and a pivot separating mechanism for

_separating and contacting the pivot of said support means from and

25 with the bearing, respectively; and control means for controlling said

' rotating drive means and said pivot protecting means;



a preset desired value at the start of neasurenent. Wen in the contro

node ror neasuring the viscosity by the 1 5 spring relaxation nethod, the
control neans brings the pivot protecting device into the first state by
driving the | ocking nechanism and pivot separating nmechanism until the
first detecting nmeans detects that the pivot protecting neans is in the:
first state after receiving an instrjugtion to start the neasurenent.

Then the control neans drives the rotating drive nmeans to adjust the torque
of said spring until the spring torque becones a preset target value. |f
the spring has noved beyond the prelimnarily set target value, the spring
Is relaxed to reach the target val ue. Upon conmencnent of neasurenent, the

‘ég“éiighg‘éa{‘ﬁeihﬂmnétﬁﬁﬂﬁ'g?ﬁtgﬁa?\ae“*” Siterih M ahe e?ﬁ%”ﬁaf:titfﬂe
second stagghﬁ ﬁdﬁg#éﬁ %"ﬂg{iﬁé@ﬁpﬁ 2@4?@%?% Oéﬁ%@[g‘fmgﬂr@gﬁ@g Nster ‘e
or ot ect i ng “Searied HrofiF e pefinbCehd & sdFealeodte B uifieh HBRROLYL. i o anc
bi vot pr ot S44 RipBBE Akt T cofed ?%?“‘Qf“}é’%@‘ihﬁ%‘fs'm‘?{%?% B0l oo the

aut onmatg c CohtFs] h#ydg for of a
rot or shaf th%l?gg?fr%gsqffd&%gr |s%§,g%6ﬁ k| ng o?ﬁvﬁ% rotor aft maasurerrent

and | ocki ngneislmng the viscosity by a spring relaxation method in whlch the v

control me_an-s has a capability of controlling the pwot-pro_tecnng-
means so that the pivot protecting means is in the first state on
starting and completion of measdrement- and in the second state during
10 measurement and having a capability of controlling said rotating drive
means so that the torque of a spring of the first linking means reaches
‘a preset desired value at the start of measurement. |
- When in the control mode ror meaéuring the vi-scoSity._ by the
15 spring relaxation method, the control means ‘brings the pivot_
pr'otecting device ‘into the first state by driving the locking | | \:d

mechanism and pivot separating mec_h_a_nism unti.l' the first
detecting means detects that the pivot protectmg means - ls m the
first state after receiving an instruction to start the measurement.
20 Then the control means drives _the rotating drive means to adjust
the torque of said spring until the spring torque becq;_n__es__ a prgsei
target value. If the spring has moved beyond the preliminarily
set target value, the spring is relaxed to reach the t__a_rg'et_ value.
Upon commencment of measurement, the co_nt_rol means b;ings
25 the pivot prbtccting .lmeans into. the second s_tate by driving the

locking mechanism and pivot separating mechanism until the



the rotor shaft after the viscosity measurement in an ultra-low fludity
range by the spring relaxation nethod. Accordingly, troublesone
mani pul ati on such as spring w nding by manual 15 rotation of a relaxation
rotor, and clanp holding with a rubber band is not needed. In the present

i nventi on, the angul ar di splacenment of the rotor shaft is detected by

angul ar—di spl acenent detecti ng neans such as an angl e detector and the
viscosity can be calculated from?20 t detection result. Accordingly,
since reading of the angul ar di splacenent at a desired tinme can be
automatical ly achi eved, the nunber of persons involved in neasurenent can
be reduced. Furthernore, it suffices for the involved operator to carry out
the preparation for the neasurenment and to instruct to start the 25

measur ement . Sgoond rdeietting nicansedetettosthuet the ipivensprorectingenmeangnis of
work involved is | ess, the present viscosineter is 13 excellent in
operabi | i ty. ifthahensegcundfsthiegsand thenalactiyatdsephe cviscosity calcdbatimgi ng t he
angul ar di spl acement and by controlling the biasing of a spring by neans of
the control neeeans.In order to acconplish the second object in a second )
aspect 5 of the present invention there is provided a rotary viscosineter
i n which the cont rafterecompletioncof imeasuresments| theo conteol maeans ibringse

viscosity _by rotating the rpotor at a constant, speed in whjch the, control
means hasa c%mwp?wr&ﬁem _r@PPPﬁg‘“ttﬁettl}ﬁ \thSPpﬁ‘BEeerciW Ying dheo ¢ hat

{he DIvOt P ol Sha0 padhidh hd" pivof Ephtdiilg HRLRaRIE" ublif SRR O
detecting means detects that the pivot protecting means is in the
] first state.. _
Such a structure enables the automatic performing of a
10 sequential operation such as locking of a rotor shaft, biasing of a
spring, unlocking of the rotor shaft, measurement and locking of
the rotor shaft after the viscosity measurement in an ultra-low
fluidity range by the spring relaxation method. Accordingly,
troublesome manipulation such as spring winding by manual
: 15 ratation of a relaxation rotor, and clamp hblding with a rubber
&f  't band is not needed.

In the present invention, the angular displacement of the
rotor shaft is detected by angular displacement detecting means
such as an angle detector and the viscosity can be calculated from

20 the detection result. Accordingly, since reading 'of the angular'
displacement at a desired time can be automatically achieved, the
number of persons involved in measurement can be reduced.
Furthermore, it suffices for the involved operator to carry out the
preparation for the measurement and to instruct to start the

25 measurement. Since handling of the viscdsimefer is easy and the

amount of work involved is less, the present viscosimeter is



second state fromthe start to the conpletion of neasurenent, and a
capability of controlling the rotating drive neans so that the rotating
~drive nmeans drives the second drive shaft to rotate fromthe start to the
conpl eti on of measurenment. 15 When in the control node for neasuring
the viscosity by rotating the rotor at a constant speed, the control neans
brings the pivot protecting device intQ the second state by driving t

| ocki ng mechani sm and pivot separati nb’3machani_sm until the second detecting
nmeans detects that the pivot protecting neans is 20 in the second state,
after receiving an instruction to start the neasurenent, and then drives
“the rotating drive neans. The control neans stops the. rotation of the
rotating drive neans after receiving an instruction to conpl ete neasurenent
and brings éxeelpentoin poperadiling Thenamount oficbiasing ist alwapy kKept driving
t he | ocki ng mechani sm and pivot separating nechanismuntil the first

det ecti ng neemstadttbyt detdcting Ithepiangulan aisplacement andmbyn<amtroltinghe
first state. In another aspect, the control neans is capable of selectively
oper ati ng itheebiasingont afspring dyhtmeansrofe theyrcanteslumeanst he vi scosity by
the spring relaxation nethod and the control node 5 6 for neasuring the

vi scosity by rotlat prden e acgamplishatheosecand abjset ini @ seeprehsaspest a node
sel ecting si?nal . [Brief Description of  the Dfraw ngs] 10 . Fig. 1Ais a
| ongi t ui naPf et ipsesent, ARVERHOR: FHeT$ ciss Providad &IofaNeHSEPSmRIes: o

rotary viscgsi r of the present _
Y > vrvTE%c% the contr - means further has a control mode- for -

measuring the viscosity by rotating the rotor at a constant speed
in which the control means has a capability of controlling the
pivot protecting means so that the pivot pr_otécting means is in

10 the first state after the completion of measurement and in the -
second state from the start to the completion of measurement,
and a capability of controlling the rotating drive means so that
the rotating drive means drives the second drive shaft to rotate
“from the start to the completion of mé‘asurement.

15 .~ When in the control mode for measuring the viscosity by N
rotating the rotor at a constant speed, the control means brings
the pivot protecting device into the second state by driving the
locking mechanism and pivot separating ‘mechanism until the
second detecting means detects that the pivot protecting means is

20 in the second state, 'after receiving an- instruction to start the
measurement, and then drives the rotating -drive means.

The "control means stops the rotation of the rotating drive .
means after receiving an instruction to complete measurement
and brings the pivot protecting means into the first state by

25 driving the locking mechanism and pivot "sepérating mechanism

until the first detecting means detects that the pivot protecting



invention; Fig. 1B is an enlarged sectional view of a part of Fig. 1A, Fig.
2 is a block diagram showi ng the systemconfiguration of 1 5 a control
system of the enbodinment; Fig. 3 is a flow chart showi ng the summary of_the
operation for measuring the viscosity in the foregoing enbodinent;. Fig. 4
I's an explanatory view show ng the principle of operation of a cone plate
type r\el/ary vi scosi neter; 20 Figy 425 is an enl arged view of a cone
plate portion; Fig. 6 is a |ongitudinal sectional view show ng the
structure of a conventional cone plate type rotary viscosineter; Fig. 7 is
a graph show ng data which are obtained by the neasurenent of the viscosity
in an ultra-low fluidity range using 25 the spring relaxation nethod; Fig.
8A is an explanatory view showing the state in which 15 the pivot is
separat ed froMneans Beain the Hfirstt $t8te.0t or shaft is:1ocked in the rotary

Showi ng The. stat e fih IRIBH SRBCEhyHIC (comtFbl. BHRaRs: 5 ARaDIE DbAEISRIERIY « he
Tnvention: i SPBARg tn ilhes' Ofen6t Wh¥ Canksl PR i Pl Ben,
crbodi rent ety S B SBring recAiRRaRARLE, Bl JE GUIRIA, HaRRe 10°
operation &isi pg,t faaSRihBItHe R¥ESSRN B rotsting e rétoiCat! 4% sustant

W speed, in response to a mode selecting signal.

[Brief Description of the Drawings]

10 Fig. 1A is a longitudinal sectional view showing. the structure
~ of an embodiment of a roiary viscosimeter of the present
invention;.
'Fig. 1B is an enlarged sectional view of a part of Fig. 1A;
Fig. 2 is a block diagram showing the system configuration of
15 a control system of the embodiment;
s , ) ‘Fig. 3 is a flow chart showing the summary of the operation
for measuring the viscosity in the foregoing embodiment;
Fig. 4 is an explanatory view showing the principle of
operation of a cone plate type rotary viscosimeter; .
20 Fig. 5 is an enlarged view of a cone plate portion;
Fig. 6 is a longitudinal sectional view showing the structure
of a conventional cone pl’éte type rotary viséosimeter;. :
Fig. 7 is a graph showing data which are obtained by the
measurement of the viscosity in an ultra-low fluidity range using
25 the spring relaxation method; '

Fig. 8A is an explanatory view showing the state .in which
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of the above nentioned enbodinent; Fig. 10 is a flow chart show ng the
Vi scosity measuring operation using the spring relaxation nmethod in the
~ above nentioned enbodi nent; 15 Fig. 11 is a flow chart show ng the
vi scosity neasuring operation by rotating the rotor at a constant speed in
t he above nentioned enbodinent; Fig. 12 is a flow chart for the conpletjon
operation in the viscosity measur emepts using the spring rel axation mewHod
in the 20 above nentioned enbodi nent;” Fig. 13 is a flow chart show ng the
conpl etion operation in the constant rotational speed viscosity
measurenent; and Fig. 14 is a bl ock diagram show ng the structure of
anot her enbodi ment of the present invention. 25 [Best Mdes for Enbodying
the Invention] . 16 Now, embodi nents of the present invention will be
descri bed. the "piyot oishseparated: trom  the: bensing: andnthe watar i shaftsisnot 1inited
to only thme_ 0di gents.- 5 . . An_enbadiment of a rotary viscosineter
of the prelesked iRethe oFOtagy sKisgesimetergof 1 fhe present JRVERHOR 2 part of

Vi'scosi net e of FihcBhr S cXBAEPBh HigHpAhoRdng fie,sitexth oPRIG dheg
sampl e |1 aidr 3s1ACShedd) wilh e BeaHhEOURHS i SobbP Bt il kiR "9 he
5 in the rotary viscqsi-me_ter of the present inv_en;i(m;

Fig. 9A is a_.'state transition diagram showing the constant U
rotation measure‘meﬁt operation in the viscosimeter of the above
mentioned embodiment;

Fig. 9B is a state transition diagram of the measurement _

10 operation using the spring relaxation method in the viscosimeter
of the above mentioned embodiment;

Fig. 10 is a flow chart shdwi_n'g the _viscoéity measuring
operation using the spring relaxation method in the above
mentioned embodiment;

15 Fig. 11 is a flow chart showing the viscosity measuring : -
operation by rotating the rotor at a constant speed in the above
mentioned embodiment; |

~ Fig. 12 is a flow chart for the completion operation in the
viscosity measurement using the spring relaxation method in the

20 = above mentioned embodiment; | | |

Fig. 13 is a flow chart showing the completion operation in
the constant rotational. :speed'viséosity measurement; and

Fig. 14 is a block diagram showing the structure of another
embodiment of the present invention.

25 | | |
[Best Modes for Embodying the Invention]



a constant tenperature; a cone-shaped rotor 6a; a rotor shaft 5b (a first
driving shaft) for holding and rotating the rotor 6a; a main body 100 for
driving the rotor 6a through the rotor shaft 5b and for neasuring the
viscosity; and a pivot protecting device 200 1 5 which forns pivot

prot ecfing neans between the main body 100 and the rotor 6a. The nmin body
100 i nskudes a driving notor 21, a rotarg coupling 25 and an out put shaft
22, which formrotary driving neans; a skbond driving shaft 5c having a

| ower end which is 20 linked with the rotor shaft 5b within the pivot
protecting.device 200; a first |inking neans 400 which elastically |inks
the output shaft 22 with the second drive shaft 5c; and a rotary
differential transformer 23 which functions as angul ar di spl acenent
detecting neans between the output shaft 22 and the second drive shaft 5c.
25 The first |inking means -400 includes a L-shaped nmenber 4b havi ng

one end which i s coueRG! EMbYdiMente of Qhai preseht ! iveneii will e end of the
out put shaft 22; and a spiral spring 4a di sposed between the other end of

the L-shaped ngederibedk Indst be beannderstdod: thhnftheSpresBme invetition nisi not
means 400 further includes an arm nenber 4d having one end |inked with the

L- 5 shaped limibed ¢ ouly tthesetémbodimentsiked with a sl eeve 10b which

wi |l be described hereafter for transmitting the rotational drive force of

t he out put Sshaft 22Anoembodimanteof C. rotapy nvisgesime¢ten of thet qrebént

ot shaf oimveRdiahgs shown in Fig. 1A, The stwuctarc of a part of the
embodiment is shown in'Fig. 1B. | o

As shown in Fig. llA, the rotary viscosimeter of the present

invention comprises a plate 7a for holding sample liquid; a jacket

10 17 which Surrounds the plate 7a for keeping the samplé quuid at
a constant temperaturé; a cone-shaped rotor 6a; a rotor shéft 5b
(a first driving shaft) for holding and rotating the rotor 6a; a main
body 100 for driving the rotor 6a through the rotor 'sﬁaft S5b and
fdr measuring the viscosity; and a pivot protecting devi’ce'200

15 Which forms pivot protecting means between the main body 100
and the rofor 6a. |

The main body 100 includes' a driving motor 21, a rotéry

coupling 25 and an output shaft 22, which form rotary driving
means; a second driving shaft Sc having a lower end which is

20 linked with the rotor shaft 5b within the pivot protecting devicé
200; a first linking means 400 which elastically links the output
shaft 22 with the second drive shaft Sc; and a rotary differ_ential
transformer 23 which functions .a's'-'angu-la'r' displacement detecting
means between the output shaft 22 and the second drive shaft Sc.

25 The first linking means 400 includes a L-shaped member 4b

having one end which is connected with the vicinity of the lower
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10 second drive shaft 5c for preventing the second drive shaft 5c from
swinging is provided between the output shaft 22 and the second drive shaft
5c. The hol es (not shown) provided at respective end faces of the output
‘shaft 22 and the second drive shaft 5c have such a depth that a -slight

axi al displacement of the 15 pin 13a is allowed, i.e. a depth by whith
the axi al displacenent of the point 1B3 corresponding to that of the tor
shaft 5b and the second drive shaft '5¢c can be absorbed. The pivot
protecting device 200 includes a pivot 11 and a bearing 12 which form neans
for rotatably bearing and 20 supporting the rotor shaft; a channel-type

| i nkage nmenber 10a which functions as a second |inkage neans for |inking

d ache BRI S TR A Al AL 0,
her caf t o1 ”g?%lvs"é h@é@f?nﬁﬁﬂfulﬁg”a?%ﬁé‘%@ el SRaCHEsT,
det ecti ng ? -tefa[f. " Theo et I9Akine :ﬁﬁ:?st 400 FuFirot ecting

-s aped

means, and an for operati®n mt swtches 31 and

32. Most ofj tnh:g'@? Wﬂ?%énﬁl@ft‘ haungding éhec%h'd‘q"ﬁéd 1il}‘ﬁhlotll’é'-’tL-ll s

nmount ed on ower end of the second 5~ drive shaft 5c while the bearing
12 i s nguntgithped amember 4bdand Othedfother aidhdinked awithnaeslebde 1O i ded

around the second drive shaft 5c. The pivot .11 and the bearing are’
coaxial 'y nwhmcledwrlllhcbes Idfeeeabbﬂc hleseafteatﬁml yransnmnngd tluy mtaumnal
dnve force of the output shaft 22 to the sleeve IOb |
A pin 13a whlch is rotatably mserted mto holes (not shown)
provrded at respectrve end faces of the output shaft 22 and the
10. ~second dnve shaft 5¢ for preventmg the second drive. shaft S¢
from swmgmg 1s provrded between the output shaft 22 and the
' second drive shaft 5c. The holes (not shown) provrded at
respectlve end faces of the output shaft 22 and the second drive
shaft 5c have such a depth that a sltght axial dlsplacement of the
15 pin 13a is allowed, i.e. a depth by which the axial displacement of
the point l3la correSponding to that of the rotor shaft 5b and the e
second drive shaft Sc can be absorbed.
The ptvot protectmg device 200 mcludes a pivot 11 and a
‘bearing 12 whtch form means for rotatably bearmg and
20 supporting the rotor shaft; a channel -type lmkage member 10a
which functions as a second linkage means for lmkmg the rotor
shaft 5b with the second drive shaft 5c by bypassmg the pivot 22
and the bearmg 12 a lockmg mechamsm and a pivot separatmg
mechamsm functtonmg as prvot protecting means, ~which will be
25 descrtbed hereafter, ltmlt swrtches 31 and 32 functtonmg as first

and second detectmg means for detectmg the state of the pivot

R LR LS T



fl ange 27a of the casing 27. The arm nenmber 4d is linked with 10 the upper

end of the sleeve 10b as nenti oned above.

di sposed within the casing 27 as shown in Fig. 1B. The sleeve 28 is

provided with an internal thread 28a in the lower portion thereof.. The

i nt er nal

t her eof .

A sleeve 28 is axially novably

thread 28a is threadably nmeshed with a disc 41. The disc 41 is
provi ded with 15 a through-hole 41a in the center thereof, through which
the rotor shaft 5b can freely pass. The WBsc 41 is provided with a first
engagi ng nmenber, such as an internal threaded gear 42 on the upper side

The rotor shaft 5b is provided wth a second engagi ng nenber,
as an externally threaded gear 40, which 20

such

Is nmeshed with the internally

threaded gear 42. \Wen the internally threaded gear 42 is displaced by the
spl acepméc@ﬁ%t fifeansgeard 24n  Livhapede fiteingy 30n fopdepeiitig 4flei S

axi al di
br ought

into nesh wt

the internally threaded gear 42 and then contact

with the di spllimit sivischesl. 31T, 32heMosteofiahkye Xomponentiec drg disuseéd iin

secured to the rotor shaft 5b so that the gear 40 is axially displaced
19 A block 33 which is forned with a
ortion of the sleeve 28. On the

toget her with & hoasing &@7.shaft 5b.
screw hole 33a is secured to the upper

other hand, a |ockiThg pivet 134 is smensfackan dhetlowen gndeof 7thei seeondsi ti on
opposite tg the block 33. The _notor 34 js provided with a threaded shaft

34a 5

asdan driveushafhade while the heasing a2 ds Jpguntedomay lomes sidec
hol e 33a of - th
cl agkwi se or c

drive shaft Sc. The pivot 11 and the bearing are éoaxially

mounted. The sleeve 10b is rotatably supported by an upper

flange 27a of the casing 27. The arm member 4d is linked with

10 the upper end of the sleeve 10b as mentioned above.

fod: SFceotherad ssiee | @oalss 408 phavided around “fhe”'second

rew

A sleeve 28 is axially movably disposed within the casing 27

as shown in Fig. 1B. The sleeve 28 is provided with an internal

thread 28a in the lower portion thereof. The internal thread 28a

is threadably mesﬁed with a disc 41. The disc 41 is provided with

15 a through-hole 41a in the center thereof, through which the rotor

shaft 5b can freely pass. The disc 41 is provided with a first

engaging member, such as an internal threaded gear 42 on the

upper side thereof. The rotor shaft 5b is provided with a second

engaging member, such as an externally threaded gear 40, which

‘20 is meshed with the internally threaded gear 42.

When the internally threaded gear 42 is displaced by the

axial displacement of the sleeve 28, the externally threaded gear

40 is brought into mesh with the internally threaded gear 42 and

then contact with the displaced disc 41. Then, the externally

25 threaded gear 40 is secured to the rotor shaft 5b so that the gear

40 is axially displaced together with the rotor shaft Sb.



bl ock 33 upwards or downwards. The sleeve 28 is displaced in an axial
direction by the axial displacenent of the block 33. 10 The stroke of
t he di splacenent of the sleeve 28 is preset to a value which is necessary
to separate the pivot 11 fromthe bearing 12. The stroke is preset to such
a length that the externally threaded gear 42 is displaced to engage Wit h
the externally threaded gear 40 and the disc 41 is brought into \_J
contact with the externally threaded déar 40 to push the gear 40 upmard for
separating the pivot 11 fromthe bearing 12. One side of the L-shaped
fitting 30 is secured to the upper portion of the sleeve 28. The L-shaped
fitting 30 is disposed in such a manner that the other side 30a projects
outside of the sleeve 28 and is 2 0 positioned between the Iinit Swi t ches

31 and 32 which. ha\woéfe%%d;g p | 3§k rgfédowlﬂ‘i $créw hbR 3 g?cpﬁed

di sposed so that 1t may ace the-axial disp acerrent

sleeve 28 fqp genpperdpbition iof th@vslé@wsmlmn%@?ombr (Hd!PR Tocki | OVer

limts of the displacenent, respectively. Accordingly, the limt 25

swi tches 31 morbr3d4ais dispwmledml the fldnge J%cén aqb@shueﬁSBp?omé rigspondi ng
to the stroke displacenent of the sleeve 28 20 including the driving

stroke of anheoblooki 33neThei hdtes. 34\ isoprovidedewitle 83threadedt shafad4ahown
in, for exanple, Fig. 2. The control device 35 shown in Fig. 2 includes a
drive cdhtrals ani ougnet shafth The cthreaded shaft [34a risi mesbeg with & the 5
viscosineter for transnitting and receivi ng measur enent data and control ~=
si gnal s; an scréwr held &3%0&8‘@5 ibleckiid3. The logking motor 34 rotates the ‘o

screw shaft clockwise or counterclockwise 34a to displace the
~ block 33 upwards or downwards. The sleeve 28 is displaced in an
axial direction by the axial displacement of the block 33.
10 The stroke. of the' displa'cemen-t' of the sleeve 28 is preset to a
value which is necessary to separate the pivot 11 from the
. bearing 12. The stroke lis preset -to such a length that the
externally threaded géar: 42 is displaced to engage with the
- externally threaded gear 40 and the disc 41 is brought into
15 -. contact with the externally threaded gear 40 to push tﬁ.e gear 40 o
‘upward for separating the pivot 11 from the bearing 12. One side
 of the L-shaped fitting- 30 is secured to the upper portion of the |
sleeve 28. -The L-shaped fitting 30 is disposed in such a manner
that the other side 30a projec‘:té ‘outside of the sleeve 28 and is
20 positioned between the Timit switches 31 and 32 which- have been
described. In other words, the side 30a is disposed so ‘that it may
- be displaced by the axial displacement of the sleeve 28 for
‘operating the limit switches 31 and 32 at the upper and lower
limits of the displacement, re_spectivély. -Accordingl{y,- the limit
25 . switches 31 and 32 are dispescd in such a spaced relationship i

- corresponding to the stroke displacement of the sleeve 28 -



processi ng measurenent data fromthe drive control unit 360 and for
controlling the operation of a drive control system and an i nput/out put
unit 370 for inputting/outputting information to 10 and from the

i nformati on processing unit 350. The information processing unit 350

I ncludés a central processing unit (CPU) for executing control for the
measur\exent of viscosity and executing Egﬁsprocessing of the measurenent
data; a nenory for storing therein progr whi ch are executed 1 5 by the
CPU 351, various data, results of processing; a data bus 353, and an

I nterface board (1B) 354 for controlling input/output of the measurenent
data and control signals; and an input/output interface 355. The nenory 352
has a ROM (read only nenory) for mainly 20 storing prograns, and a RAM

(random accessinchrding) therdrhving ngrolal f dayeoné ofHahst swiehps.ogr ans
execute, for exanple, a process as follows: A process for neasuring the
viscosity by a spridngondtalxdevine 35t isodormegrasshowmr inf €ps example, Fig.
accepting an instruction to start_ measurenent _in a control node for

measuri ng t he i Jhescoptrp) dewicepdd rhoven draFign2 includestadtivenconggiolg t he
pi vot protecting ans into.,a first state by driving the |oc¢cking

mechani sm andlmﬁgé&vwm@bﬂ&rﬁﬁﬂwtﬁ@cm&m ammain; bpdy 100sef dheect i ng

neans det egts that the pivot 5 pr_ot,ecti_n% nmeans .in the first state;
: ) viscosimeter for transmitting and receiving measurement data

Y - and control signals; an'information ‘processing unit 350 for
processing measurement data from the drive control unit 360 and
for controlling the operation of a drive control system; and an
input/output unit 370 for inputting/outputting information to

10 and from the information processing unit 350.

The information processing unit 350 includes a central
processing unit (CPU) for executing control for the measurement
of viscosity and executing the p‘rocessirig of the measurement
data; a memory for storing therein programs which are executed

15 by the CPU 351, various data, results of pi'ocessing; a data bus
35‘3, and an interface board (IB) 354 for controlling input/output
of the measurement data and control signals; and an input/output
interface 355. - |

The memory 352 has a ROM (read only memory) for mainly

20 storing programs, and a RAM '(random access memory) for storing
data. Some of the stored programs execute, for example, a process
as follows: | |

A process for measuring the viscosity by a 'spring relaxation
method comprises the steps of:

25 _ aceepting an instruction to start measurement in a éon_trol Ii

mode for measuring - the viscosity by the spring relaxation



presetting the biasing condition of the spring so that the torque becones a
prelimnarily preset desired value by driving the rotary driving nmeans when
detecting that the pivot protecting neans is in the first state; 1 0
bringing the pivot protecting neans into a second state by driving the

| ocki ng mechani sm and the pivot separating nmechanism until a second
detecting nmeans detects that the pivet; protecting neans in the second~J
state;. activating a viscosity calculating neans to execute the 1 5

vi scosity neasurenent when detecting that the pivot protecting neans in the
second state; and bringing the pivot protecting nmeans into the first state
by driving the | ocking nmechani sm and pivot separating nmechanismuntil the
first detectin ans detects that the pivot protecting 20 means in the
first statén&iﬁﬁgeconpletlon of the measurenent. A .process for neasuring
the viscosity by yotati a.rotor at a constant, speed conErlsesythe st eps

of : accepting aRTiHERELE 5 Biveh proleling, Mmeans; intoh first staten nmode for

measuring t e VI scosi t r ot atl ng 2 Lot or const ant ..speed;
driving th iﬂ&*f" lh@“ﬁm/ a‘te‘ﬁ&r iYL SePasatiRg hani sm i'n

e i L, R %chétspﬁ«age@ﬁé feg
mechani gm %x&&%g' iﬂefan§eﬁi"rt"l‘lre' fifst state;

N presetting the b1as1ng condition of the spnng S0 that the u
torque becomes a preliminarily preset desired value by _.d-_nv,mg
the rotary drivi-'ng means when detecting that the pivot protecting
means_ is in the first state; | '

10 bringing the pwot protectxng means into a second state by
driving the locking mechanism and the pwot separatmg
mechamsm until a second detecting means detects that the pivot
protectmg means in the second state; | | )

actlvatmg a viscosity calculating means to execute the

15 | v1scos1ty measurement when detectmg that the pivot protecting
m'eans in the second state; and o _ o/

bringing the pivot protectmg means i‘nt’o | the first state by
dnvmg the locking mechamsm and pivot separatlng mechanism
unttl the first detectxng means detects that the plvot protecting

20 means in the first state after completlon of the measurement.

A process for measunng the v1scos1ty by rotating a rotor at .a.
constant speed compnses the steps of:
| accepting an instruction to start the measurement m a
control mode for measunng the v1scos1ty by rotatxng a rotor at a
25 constant speed

dnvmg the locklng mechamsm and the prOt separatmg

oo syt ey



5 mechanism to drive rotating drive neans when the second detecting
neans detects that the pivot protecting neans in the second state;
accepting an instruction to conplete the neasurenent, which is inputted
from an external device; 10 stopping driving of the rotating drive
means ,in response to the instruction; and driving the | ocking nmechani sm and
t he pilyot separating mechanism until the first detecting neans detects
that the pivot protecting nmeans in the Rigst state. 15 These processes
are illustrated in nore detail in, for exanple, Figs. 3, 10, 11, 12 and 13
by reference to which the present invention will be described. The drive
control unit 360 conprises a rotating drive notor driving circuit 360 for
rotating the rotating drive notor 21; a 20 rotating drive notor interface

362 for outputti a control signal from.he infornmation processing unit
380 to the or MFIANEE dhaBasporeo te; HF rostrction, antl, the (€608% of dri vi ng
t he | ocki ng [ .84 Locki,ng npt i pterf.ace 0 tti.ng,a
control si gngﬁgﬁcﬁﬂg h@'eﬁﬁ? of’ﬁ&":{g nﬁ%} o@tes sé lﬁé?uﬁﬁ%eé‘%gt ﬁ‘ieto 8c mehg

motor drive 23, Oﬁarﬁﬁtk' 363; alimt switch interface 365 for inputting
on/ of f signals ‘f:or the TTmt switches 31 and 32 to the information 23

e "o ue PP A BRI e OB gon sGA{aRg "0 e
converted yal weedlarifm it8f @rives irdfating drive means when the second
W detecting means detects that the pivot protecting means in the
‘second state; - - |
accepting an instruction to compléte the measurement,
which is inputted from an external devic-e;
10 stopping driving of the rotating drive means in response to
the instruction; and | I
driving the locking mechanism and the pivot separatiﬁg
-mechanism until the first Idetecting means detects that the pivot
protecting means in tfne first state. |
15 . These processes are illustrated in more detail in, for
example, Figs. 3, 10, 11, 12 and 13 by reference to' which the
present invention will be described. |
The drive control unit 360 comprises a rotating drive motor
driving circuit 360 for rotating the rotating drive motor 21; a
20 rotating drive motor interface ‘362 for outputting a control signal
from the information processing unit 350 to the drive circuit 361;
a locking motor drive circuit 363 for driving the locking motor 34;
a locking motor interface. 364 for ou.tputti'ng- a control signal from
the information processing unit 350 to the locking motor drive
25 circuit 363; a limiti switch i';lterface 365 for inputting on/off

signals for the limit switches 31 and 32 to the information



processing unit 350; and an input/output interface 367 for 5 connecting
this control device with an external system for exanple, a conputer
'system The conputer system 390 includes, for exanple, a central processing
unit (CPU) 391, a printer 392, a menory 393, etc. The input/output unit 370
has a key-board 371 for 10 externally I nputting instructions to ‘
execute/stop as well as data to the control device 35, a data dlsplay

for displaying information outputted 23om the information processing un|t
350, a status indicator 373 and a notor indicator 374. The key-board 371

I ncludes a nunerical keypad 371a for 1 5 inputting nunerals; a run/stop _
swtch 371b to instruct run or stop; and node sel ecting keys 371c and 371d.
The node sel ecting key 371c selects an ordinary viscosity measurenent node

(ORD MODE) gi‘odéys fig { GRitr 350¢ 4R A?Datc%vehe@ saasraﬁtaﬁdleglh g the key
371d selects a viscosity nmeasur enent node (S in 20 Ich the

spring rel agghvefting! tiesl measarement ovdlue Tlof a:easwrgd diffegentiay and the
rotational speed of the rotor are displayed in nunefical formon the data

di spl ay 372tranisfermeri 23t t sehd3aheoconvertede valipaoedhé nidfornmition!s

i ndi cator 373. These indicators :include, for exanple, light emtting 25
di odes. Theproctssimgr anit7350; 3484, aﬁ?%nputlﬁﬁtpﬂna’lnfﬁ%d A6 ofor STOP,
LOCKI NG, RELEASI NG, RUN and MEASURI NG, respectively, 24 and are

i 11 uni nd edconpeetinggthisonontrel sdeviseotwithhcawi externale systemhdorode
' ndi cat or SZia&ﬁe? na Oégtln?)%;gr \Qyzfe%silt erre ggrlrjxrplurt]gr system 390 includes, v
for example, a central processing unit (CPU) 391, a printer 392, a |
memory 393, etc. o
The mput/output unit 370 has a key-board 371 for
10 eXtemally inputting. instructions to execute/stop as well as data to
the control device 35, a data display 372 for displaying
information outputted from the information processmg ‘unit 350,
‘a status indicator 373 and a _motor mdlcator 374.
The key-board 371 includes a numerical. keypad 371a for
15 mputtmg numerals; a ‘run/stop switch 371b to instruct run or -
stop; and mode selectmg keys 371c and 371ld. The mode selecting
key 371c selects an ordinary viscosity measurement mode (ORD
MODE) in which the rotor is rotated. at a_constant speed, and the
key 371d selects a viscosity measurement .m'ode (S.R.MODE) in
20 which the spring relaxation method is carried out.
The measured viscdsity and the rotational speed of the rotor
are displayed in pui_ngrical form on the data display 372. |
Five indicators 373a to 373e are disposed in the status
indicator 373. These indicators include, for example, light emitting
25 diodes. The indicators 37.3a,'37_3b,_ 373c, 373d and 373e indicate
STOP, LOCKING, RELEASING, RUN and MEA_SURING, respectively,



fmode i ndi cator (ORD. MODE) 374a indicating the node in which the rotor is
rotated at a constant speed and a viscosity nmeasuring 5 node i ndi cat or
(S.R MDE) 373b indicating the node in which the spring relaxing nmethod is
carried out. The pivot protecting device 200 has at least a first state in
which the rotor shaft 5b is locked and the pivot 11 is separated fromthe
bearlng/lz and a second state in which hﬁ pivot 11 is in 10 contact with
the bearing 12 and | ocking of the rotor shaft 5b is released. The control
system 35 controls the driving of the |ocking notor 34 to bring the pivot
protecting device 200 into a target state and controls the driving of the
rotating driving notor 21 depending upon the target state 15

Qperation of th pres t enbodi now b descrlb with reference to
Figs. 3, 9A QBS mmat&ﬂd °& I%HFP% ﬁh‘e néhﬁlmesunawrngs

Aceor dnce i th a “” mods @&5323’742ﬂ‘éﬁﬁm”e”iﬂé?gﬁg?%sbtsﬁyiﬁwi‘ééubﬁxg in
a i s ¢, RR9dE iR ﬂqeart%t (ARDE B S P RRAath Bng oodE 18 SRk or
State. A numedds 9%39?323%{18@6‘% K sonigye st nd efL égﬁtl‘!? Radplipe”
oot 2Fuod HATSAYy (8 RIRIBRY STaUCRkERA o' odh it
pivot 11 2§pi‘ﬁ1g %%ﬂhgchéﬂha echigd Hutl2 so that_ the rotor shaft 5b
o The pivot protecting device 200 has at least a first state in
which the rotor shaft 5b is locked and the pivot 11 is separated.
from the bearing 12 and a second state in which the pivot 11 is in
10 contact with the bearing 12 and locking of the rotor shaft 5b is -
released. The control system 35 controls the driving of the locking
motor 34 to bring the pivot protecting device 200 into a target
~ state and controls the driving of the rotating driving motor 21
dependihg upon the target state.
15 ~ Operation of the present embodiment will now be described
"~ with reference to Figs. 3, 94, 9B, 10, 11, 12 and 13 as well as the
.above mentioned drawings.
The rotary viscosimeter of the present embodiment changes
its_ state in accordance with a series of sequences as shown in Figs.
20 9A and 9B. In Figs. 9A and 9B, a numeral "O" denotes a stopped -
state of the viscosimeter. At this time, the pivot 11 is separated
| from the bearing 12 and the rotor shaft 5b is locked against
rotation. This state is referred to as a first state. A numeral "1"
denotes a state in ‘which the locking of the rotor shaft 5b is -
25 released, A numeral "2" denotes a state in which the viscosimeter

is in the rotation state for measurement..In this case, the pivot 11



rel eased fromlocking. This state is referred to as a second state. A
nunmeral "3" denotes the state in which the rotor shaft 5b is | ocked agai nst
rotating. A character "A" in Fig. 9B denotes that the 5 viscosineter is in
~a spring winding/rew nding operation state. A character "B" deneotes that
the viscosimeter is in a spring relaxing neasuring state. The sequential
operation wll now be described. The 2:$gmary of the measuring operati of
the viscosinmeter I 0 of the present odinent will now be described with
reference to Fig. 3. Wien the power of the control system 35 is turned on
for starting the neasurenent (step 1001), the CPU 351 checks whether or not
the contacts of the limt switch 31 are turned on 1 5 (step 1002). This
can be detected by a signal fromthe limt switch interface 365. If the
limt swtcis 34 ¢ontact nwithothe beéwingdld B9 dwdtothelrover shaftuiSh 63 is
instructed to drive the |ocking notor 34 in such a direction as to lift up
the sl eeve fgleased tfrorml dokking.nThis stateeis acfertiidt tosaepa 1s¥2dnd sktes A s
time, the CPU 351 lights the 20 indicator 373b until the |limt switch 31
i s brought nameral c@ddenotas shet state fint whichnthe sotorcishaflt 5 s r eady
turned on, the locking motor 34 is not driyen. Wien the | ocking nmotor 34 is
driven, 't helogkedyagainstsrotatingedA oharagterc kA33inviiga 9B denetes thatnthewe
screw 3 is,25 , axially,displaged by the rotatjon of the screw 34a so
Chat the s| EISAOSmEler s ih 4 nepmngcWinding/rewindiog ioperaiien stater A 26

character "B" denotes that the viscosimeter is in a spring relaxing \J
measuring state. |
The seql_iential operation will now be described.
The summary of the measuring operation of the viscosimeter
10 of the presem embodiment will now be described with reference
to Fig. 3. | |
When the power of the control system 35 is turned on for
starting the measurement (step 1001), the CPU 351 checks
whether or not the contacts of the l_irh‘it switch 31 are turned on
15 .(sgep 1002). ‘This can be detected by a signal from the limit switch ~
interface 365. If the limit switch 31 is turned off, the locking
motor drive circuit 363 is .instructed to drive the iocl’(i_n‘g_ motor 34
in such a direction as to lift up the sleeve 28 via the :loéking motor
interface 364 (step 1003). At this time, the CPU 351 lights the
20 indicator 373b until the limit switch 31 is brought into a
conductive state. If the limit switch 31 is already turned on, the
locking motor 34 is not driven.
'When the locking motor 34 is driven, the screw 34a is
rofated. The block 33 which is meshed with the screw 34a is
25 axially displaced by the rotation of the screw 34a so that' the

sleeve 28 to which the block 33 is secured is moved upward.



‘When the sleeve 28 is noved upward, the disc 41 to which the sleeve 28 is
secured is also noved upward. The internally threaded gear 42 which is
provi ded on the disc 41 is brought into threadabl e engagenent with the
externally threaded gear 40 and is 5 t hereby secured to the disc 41 by

t hr eadabl e engagenent therebetween. This causes the rotor shaft 5b to be
Iockenggainst rotation by the sleeve 28. Further upward novenent of the
sl eeve 28 causes the disc 41 to push upghe externally threaded gear 40
This causes the rotor shafts 5b and 5¢c to be pushed upward for noving the
10 pivot 11 upward so that the pivot 22 is separated fromthe bearing 12.
This state is shown in Fig. 8A This operation causes the rotor shaft 5b to
be | ocked and causes the pivot 11 to be separated fromthe bearing 12. The

bear i ng 3o | el e laEHe o 30 ComRE! bbb sl ARt os R i ﬂ“e
?222;' ?;84?”%1%%%%{%3%%9@“%@? Y °”x8fisw"ea§%fﬂ‘kenéﬂmrna Bighs onoor i he
et ﬁoéz. < eel Brefe 3{:%? 37 WhioH i CaRRfes o Sk, YBE. A, asgﬁ@au%m A" d
ot at on ot beAuatd neagknidt, WAGORR! S BRAN, 16ERREd Yedk o SRR T00°
1007). Whgn r@gg@% ﬁéeuwweﬁmg u?rl?ys GRASEY ergBeRRMl MeareBet

conpl etion o are carri teps 1006 and 1008) .to conpleie
megsuring operat iPiis causes the rotor shaft S5b to be locked against rotation by

- the sleeve 28. Further upward movement of the sleeve 28 causes
the disc 41 to push up the externally threaded gear 40. This causes
the rotor shafts 5b and 5c to be pushed' upward for mbving the
10  pivot 11 upward so that the pivot 22 is separéted from the béaﬁng
12. This state is shown in Fig. 8A. | |
This operation causes the rotor éhaft 5b to be locked and
causes the pivot 11 to be separated from the bearing 12. The
locking of the rotor shaft 5b and separation of the pivot 11 from
15 the bearing 12 is also performed on completi-on of | measurement
as will be described hereafter. |
Then, determination of the measuring mode is made (Stép
- 1004). Measuring mode determination is made by Checkin'g which
of the mode selecting keys 371c and 371d is selected. If the
20 spring relaxation method is selected, the spring relaxation
viscosity measurement method is carried out (step 1005). If the
viscosity measurement by the constant speed rotation method is
selected, this measurement method is carried out (step 1007).
When respective measurements are completed, respective -
25 completion operations are carried out (steps 1006 and 1008) to

complete measuring operation.



a0 0 0 0 05 NIV e rces 10 o Tl b raG e s

27 Now, the viscosity measuring operation using the spring relaxation
nmethod will be described with reference to the flow chart of Fig. 10. An

i nput instruction to execute neasurenent is accepted 5 (step 1501). If
execution is instructed, the CPU 351 accepts this instruction and presets
the spring 4a into a biasing state at a target peak value. Since the rotor
shaft 5b is locked in this state, thezipri ng 4a i s wound or rewound t
change the biasing state if the rotat9fg drive pulse notor 21 is driven to
rotate. 10 In the neasurenent relying on.the spring relaxation nethod
of the present enbodi nent, the w nding speed of the spring is not directly
related with neasurenent. However, in order to reduce variations in
position where the spring is stopped on conpletion of winding, a |l ow

wi ndi ng speed | Now| aheedisdosityexasasdiring hepération vu'siﬂgnﬂxémﬁxgmy be
practically about 5 rpm The speed of the pulse notor 21 can be changed
dependi ng uebaxaticn i methodt will. b&hdesqribed cwithoaefdrengedtdythehfhgivng, for
exanple, the pulse rate of a pulse train drive signal. Instruction of the
speed can lwhartef, Figir 18@xanpl e, by feeding a speed instruction based on the
20 speeds prelimparily registered in the RAM to the rotating drive _
not or drive ciré&tinpgt HRSRRtiopUGaXecAte c MIRASHTRINGNL ¢ ife aceeRigtg drive

he spebd grtesokitny Tnexpurenos: teserisdthe! RPUCEEL acepie. 4iF i ng. the
AT 25 snsSHE i) 3keck R hhe e R SR e w0
target peak value. Since the rotor shaft 5b is locked in this state,
the Spring 4a ié wouﬁ_d or rewound to change the biasing s_t_afe if
the rotating drive pulse motor 21 is driven to rotate. o
10 In the measurement relying .6n the spring relaxation method .
of the present .embodiment, the winding speed of the spring is not
directly related with me‘asurément._ Howevér_,_ in .o.rder -to reduce
variations in position where the spring is stopped on- completion
of winding, a low w.inding speed is. selected. For example, the |

15 winding speed may be practically about 5 rpm. The speed of the

(@

plilse motor 21 can be changed depending upon the instruction.
The speed can be changed by changing, for example, the pulse
rate of a pulse train drive signal. Instruction of the speed can be
made, for .e;cample, by feeding a speed instruction based on the
20 speeds preliminarily registered in the -RAM to the rotating drive
motor drive circuit 361 by. the CPU .351.-Alt,ernatively, the
rotating drive motor drive circuit 361 may be provided with the
capability of instructing the speed presetting.
On adjuStment.of the biasing state of the spring, the winding
25 angle 0 of the spring is detécted by the rotary. differential -

transformer 23 is converted into a digital value by the A/D



28 converter 366 and is sent to the CPU 351. The CPU 351 conpares the
winding angle [err] of the spring with the target peak value [err](step
1502) and activates the rotating drive pulse notor drive circuit 361
dependi ng upon the result of the conparison for 5 controlling the rotation
of the,rotating drive pulse notor 21. If [err] [err], the spring 4a is
wound Keyond the target value. Accordingly, the pulse notor 21 is reversed
to rewind the spring 4a (step 1503). If Z8rr], the spring 4a is not wound
to the desired value. Accordingly, the pulse notor 21 is normally rotated
to wind the 10 spring 4a to the desired value (step 1504). The target peak
value [err] can be inputted by using, for exanple, the nunerical keypad
371a of the key-board. The input value is stored in, for exanple, the RAM

together wth didRred! 566! 41 iS'ni%id e CPE S8Y. 35HHRx eRIIeI5 Y Adiares S

determ nations wth reference to t ormation In the [err}, the

spring 4a nay the winding camdleain ofhthe apging Meith thel varget tsgaki he spring 4a
has been conpletely rewound. Alternatively, the spring 4a may be

aut onat i cal | y value(stept $502)nmét activates meees wotasing. dfive pulse |hotderr],
t he. CPU 351 does not drive the pul se notor 21 and activates the | ocking

drive notor drdriee ceircuitt 3863 depending/iuppn fthel oedulhgofiintheeconiparisoh ifor a

rel easing direction (step 1506). The CPU 351 continues this releasing

oper ati on ant iQOlttmlﬁlﬁgrrilge siqtaian3of jthet rotatingodrive pplsesamgtaandll iI§h@<>t he

Grfien To 1 ondd e SREEAG 48 18 OWBL, BEYRBin g SEHERS, MURN] RCPEIBBHDSi ¢ o

to the the pulse motor 21 is reversed to reWind the spring 4a (step
1503). If 8 < ©, the spring 4a is not wound to the desired value.
Accordingly, the pulse motor 21 is normally rotated to wind the

10 spring 4a to the desired value (step 1504).

- The target peak value © can be iﬁputted by using, for
example, the numerical keypad ‘37la: of the key-board. The input -
value is stored in, for example, the RAM together with mode
selecting information. The CPU 351 executes various |

15 determinations with reference to the information in the RAM.

If 6 > ©, the spring 4a may be wound to obtain the target
peak value after the spring 4a has been completely rewound.
Alternatively, the spring 4a may be automatically rewound after
completion of measurement.

20 If 8 = @, the CPU 351 does not drive the pulse motor 21 and
activates the locking drive motor drivé circuit 363 for driving the
locking drive motor 34 in a releasing direction (step 1506). The
CPU 351 continues this releasing operatioﬁ until the limit switch
32 is turned on (step 1507) and lights the indicator 373c.

25 In other words, the locking drive motor 34 is driven to lower

the sleeve 28 in the releasing operation which is opposite to the
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29 | ocki ng operation. Wien the | ocking notor is driven, the screw 34a is
rotated. The bl ock 33 which is neshed with the screw 34a is axially

di spl aced by the rotation of the screw 34a so that the sleeve 28 to which
the block 33 is secured is |owered. Wen the 5 sl eeve 28 is |owered, the
di sc 41 which is secured to the sleeve 28 is |owered. The externally

t hreaded gear 40 which has been pushed up by the disc 41 is | owered byjthe
| owering of the disc 41 so that the p2@ot 11 i's | owered make to contact
with the bearing 12. The internally threaded gear 42 is di sengaged from 10
the externally threaded gear 40 so that |ocking of the rotor shaft 5b by
the sleeve 28 is released. This state is shown in Fig. 8B. Wen the limt
switch 32 is turned on, the releasing operation is stopped to carry out the

Spring rel apdiRg aﬁa%ercﬂneWhed\tmtehnéclahgsmtbhelsr AriVersNald sbews

rotatable as 15 ~“shown in Fig. 8B and the“pivot 11 is In contact W|th t he
bearing 12.344 ishirstat@dis ThHe dléck (38 whicH i§amieshéd i with e {fteehe!agat i on

torque exerted by the spring 4a to rotate against the viscosity t orque of

the sanpl e isi guially Tdisplacedabiyortie soustiontefl thy sdrew Gdar sodilidtetlpnt i al
transfornmer 23. The CPU 351 sanples at a 20 predeternmined period the

rotational sleguéa28 dioswhichrmtie black 33 ispsecuredeisniowereddWhenhilsh i s
obtained formthe rotary differential transformer 23 via the A/D converter
366 (st8p 1gleeye Wrisnipowered,pthe disof4k iwhich: s sepurabtoc thpslesve 128
period 25 of time t |lapsed since the start of nmeasurenent with the .
pr edet er ni nidd lewepednFherexsermally  thseadrsb) gearr 40<whiche has been -/

pushed up by the disc 41 is lowered by the_ l_owermg- of the disc
41 so that the pivot 11 is lowered make to0° contact with- the
‘bearing 12. The internally threaded gear 421s disengaged from
10 the externally threaded gear 40 50 that- locking of the rotor shaft
5b by the sleeve 28 is released. This state is shown in Fig. 8B.
When 'the,limit switch 32 is tﬁ-'rnedﬂ on, the -releasing""
operation is stopped to carry out the spring _relaxation
measurement. At this phase, the rotor shaft 5b is rotatable as
15 _'sltown in Fig. 8B and the pivot 11 is in contact with the bearing o
'12. In this measurement, the -ro_tex_' 6a is driven by the relaxation
torque exerted by the spring 4a to rotate again'st the ‘viscosity
torque of the sample liquid. This rotation is detected by the
rotary differential transformer 23. The CPU 351 samples at a
20 - predetermined period the rotational angular displacement data as
spring relaxation data which is obtained form' the rotary
differential transformer 23 via the ‘A/D converter 366 (step
1508).
During this period of time, the CPU 351 .compares the penod
25 of time t lapsed since the start of measurement with “the “

predetermined sampling- period T (step 1509). If t<T, the
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30 neasuring operation is continued and the indicator 373e is lit for this
operation. If t > T, a neasurenent termnating signal is outputted to

term nate the neasurenent (step 1510). The sanpling interval and the
sanpling period can be 5 prelimnarily registered by nmeans of the
key-board 371. The selected sanpling interval is, for exanple, from1l to
sever al_seconds. The sel ected sanpling ged]l od is, for exanple, from1l0 to
20 m nutes. Registration can be made i n°tthe RAM of the nenory 352. The

| apsed period of tine t can be determ ned, for exanple, 10 by providing a
timer for counting the | apsed period of tinme. The sanpling period T may be
prelimnarily preset inthe tinmer. In this case, conparison of Twitht is
not necessary. Measurenent is termnated at the tinme when a term nating
signal is out m¢dsatiig copérationi iercomtidued and Tthe #mdicagor 873¢ais dit Fora i s
stored in, for exanple, the RAM of the nenory 352. QOperation for

det er mi ni ng t kkisvioperatian: Ifs tper Toraemeassrinemotethinating esignal ds A resul t
of the operation is stored in the RAM and di spl ayed in the data display
372. Al ter nat iouspyttedhdomsersninatentheameasuyemendefstepo k5k0)20 - conput er
system 390 and tenporarily, staored in the nmenory 393. Operation to

det erni ne the vi schbet Jamphinge ipterval and ghe; sar %-@rlﬁgé@'hrkﬁ t he

stored data. |In jhi,s case, the resylt can be printed out b ri.gter 392
of the conbut BrelNaRly Thegistergd; by, meansy o thec keyrboarte I4hi The: aphi cal

or &jher For msgf]ec?e& 5sargbﬁgiga¥nt%?\%l ?Q,O%)'example-, from 1 to several

secopds. The selected sampling period is, for example, from 10 to
20 minutes. Registration can be made in the RAM of the memory
352, The lapsed period of time t can be determined, for example,
10 by providing a timer for éounting the lapsed period of time. The
sampling period T may be preliminarily preset in the timer. In
this case, comparison of T with t is not necessary. Measurement is
terminated at the time when a terminating signal is outputted
from the timer.
15 o The spring relaxation data is stored in, for example, the RAM
L _of' the memory 352. Operation for determining the viscosity is
performed based upon the stofed data. A result of the operation
is stored in the RAM and displayed in the data display 372.
. Alternatively, the measurement data may be sent to the
20 computer system 390 and temporarily stored in the memory 393.
Operation to determine .the viscosity can be performed. by the CPU
391 based upon the stored data. In this case, the result can be
printed out by a printer 392 of the computer system. The result
| can be displayed in numerical, graphical or ofher form on a
25  display (not shown).

Thereafter, the measurement termination operation is



Thereafter, the nmeasurenent term nation operation is 3 1 executed. This °
operation begins with reception of a stop instruction as shown in Fig. 12
(step 1601). The stop instruction is made in response to the nmeasurenent
term nation signal when the neasurenent is conducted by the spring

rel axation method. If 5 the CPU 351 receives the stop instruction, the
CPU 351 controls the | ocking drive motor drive circuit 363 to drive t'\@

| ocking drive motor 34 in such a direc3lon that the rotor shaft 5b is

| ocked, i.e. the sleeve 28 is noved upward (step 1602). This control is
continued until the contacts of the |imt switch 31 are 10 turned on (step
1603). During this period of tinme, the indicator 373b is |it. Wen the
limt switch 31 is turned on, driving of the locking drive notor 34 is

stopped and éxeeutdd! CPRig" oEZ?@tiér? bégdins SRAtE YetaptioneobPt 4 Oftopf - t-he
vi scosity neasurenent by the spring relaxation nethod is thus conpleted. 15

Now, oper at i iggtriuetioneasushownt e Figgcd2i (stepyl160E). CThet stop swstedction aisi on
met hod will be described with reference to the flow chart of Fig. 11. An
i nput i nst r uskaiden ihorespaarser doethe ereasurement wenipation( sigmall iGhen | f
there is an execution instruction, the CPU 351 20 receives it and
i nstructs t hthedmeasureoienthds | cendugtedobyr the springcrelaxatiooc methadalf t he
sleeve 28 is Iomered g%tep_1302),_Tye_r$leasjng o] gﬂation IS 28nti?ued
until th8 |ithe GRWt 3a13reqeives thedstop. imstrugtipn,hthe: RYaB854ncontrelcryu 351
LL?Q;; Lgeogﬁ%ﬁ%ﬁké Zl?f%ve ';L&é‘f dlr%vrg tcil"scvt\lli-iE C§63?2toi-§ri-tvlér- ?ﬁg _l%?:kirtxgh © \;«
| - drive motor 34 in such a direction that thé rotor shaft -5b is |
‘locked, 1e the sleeve 28 is moved. 'upWa-r-df (step 1602). This
control is continued until the contacts of the limit switch 31 are
10 turned on (step 16.03). During this period--of time, the indicator
373b is lit. When the limit switch 31 is turned on, driving of the
locking drive motor 34 is stopped and the-_,indic'ator--.37_3ﬁ is  lit. -
Sequential: operation of the viscosity measurement by the
spring relaxation method is thus .compféted. |
15 . Now, operation for measuring the viscosity by the constant
speed rotation method will be described with reference to the e
flow chart of Fig. 11. .
An input instruction for -'measuremeni execution - is -accepted
(step 170). If there is an. execution instruction, the CPU 351
20 receives it and.-instructs the driving of the locking motor 34 in -
-such a direction that the sleeve 28 is lowered (step 1702). The
. releasing operation is continued until the limit switch 32 is- turned
on. During this operation, the CPU 351 lights the indicator 373c. If
the limit switch 32 is tufned on, the releasing operation is
25 stopped to-light the indicator 373d (step 1703). The CPU 351 -

instructs the rotating drive motor drive circuit 361, via the



75 stopped to light the indicator 373d (step 1703). The CPU 351

I nstructs the rotating drive notor drive circuit 361, via the 32
rotating drive notor interface 362, to rotate the rotating drive notor 21
(step 1704). The rotational speed can be specified and changed as nenti oned
above. Measurenent of the viscosity is conducted in this state. 5
Measur'epent is performed by detecting the angul ar di spl acenent between the
output shaft 22 and the second drive sh&2 5c by means of the rotary
differential transforner 23. The value detected by the rotary differential
transfornmer 23 is converted into a digital value by the A/D converter 366
and is sent to the 10 information processing unit 350 via the interface
board 354. The neasurenent data are stored in, for exanple, the RAM of the

menory 352 an %Sﬁt AN J-h - Theo ORf I+ Siido | s

di spl ayed on ? ﬁe a?aagygp_lr{ggtog7§nt?§g%ﬁ362ﬁ t?% _thgt%ﬁ _otpgt Fgﬁgﬁ%pdgé‘ée of the
rotor which i nagianqt ghtepl 1704JCIPREN FitltioNhF GpeBdt BaR 'Bésﬁ;eéiﬂ%d and
measurenent data nmay be sént to’the conputer syStem 390 and tenporarily

stored in the ghpiiped 333 méhdbatdoabboe. determ ning the viscosity by the
CPU 391 may be perfornmed based upon the stored data. The operation result

can 20  be print eMeasuremeniteoprthet aisBtyofist benductpdt in thist state.
Alternatively, it may be displayed on a display (not shown) in numerical or
gr aphi cal §or Meapurement isn pesfipimed obyofdeteciing e tieet abgulare displacement
;;, between the output shaft 22 and the second drive shaft Sc by
means of the rotary differential transformer 23. The value
detected by the rotary differential transformer 23 is converted
into a digital value by the A/D converter 366 and is sent to the
10 information processing unit 350 via the interface board 354.
" The measurement data are stored in, for example, the RAM
of the memory 352 and operated on by the CPU 351. The
operation result is displayed on the data display 372 together
with the rotationai speed of the rotor which is separately
15 determined. |
Also in this case, the measurement data may be sent to the
computer system 390 and temporarily stored in the memory 393.
Operation for determining the viscosity by the CPU 391 may be
performed based upon the stored data. The operation result can
20 be printed out by the ‘printer 392 of the computer system.
Alternatively, it may be displayed on a display (not shown) in
numerical or graphical form. '
Operation on completion of measurement by the -
viscosiﬁleter' will now be described with reference to the flow
25 chart of Fig. 13.

A stop instruction is received while the rotating drive motor



viscosinmeter will now be described wth reference to the flow 25 chart of -
Fig. 13. A stop instruction is received while the rotating drive notor
33 is rotating and the indicator 373d is illum nated (step 1801). This stop
instruction is made by input of a step operation of the run/stop switch
371b. If stop is instructed, the CPU 351 sends an instruction to the "
rotating drive notor drive circuit 3 via the 5 rotating drive m)f\ef)
interface 362 for stopping the rotati drive nmotor 21 (step 1802). The CPU
351 then instructs the | ocking nmotor drive circuit 363 via the | ocking
notor interface 364 to drive the |locking notor 34 in such a direction that
the sleeve 28 is noved upward 10 (step 1803). The | ocking operation is
continued until the limt switch 31 is turned on. During this operation,
the CPU 35is| rofating laadi the cindica®r3B873dhis dHunsipated ((step HBOLckThis
operation and lights the indicator 373a if the Iimt switch 31 is turned on
(step 1804)stopsinstructionts sw@decbyoinpie ot a o3tepf eperasisurafnthe he viscosity
by the constant speed rotation_nmethod is thus conpleted. The notor shaft 5b
is | ocked 3yafsiop switeh &Y 1ix.t B stop léomtemtgd.-gge;r &P 33bosendsd anoos
shown. in F,ig. 3 .has-. agqen Qer,for d. The igqt 11.is.s at.ed fromthe
bearing 12.1NSHUCHOR,LQ; Hift FOLAWRS (FTI¥E MOIOEANVE, EHEBY PoOmVigethty damaged
even ifgthe rotor Qa._is washed or.repl Sipce.the conpl ef.i on eration
s sequint oHGRE AR BTG AR B ko, sRPpihE° e Forkhing” GV
motor 21 (step 1802). L e \J
The CPU 351 then instructs the locking motor drive circuit
363 via the locking motor interface 364 to drive the locking
.motor 34 'in such a direction that the sleeve 28 is moved upward
10 (step ,1803). The locking operation is continued until the limit
switch 31 is turned on. During this operation, the CPU 351 lights
the indicator 373b. The CPU 351 stops the locking operation and
lights the indicator 373a if the limit switch 31 .is turned on (step
1804). '

15 _ The series of operations for measuring the viscosity by the s
cc;_nstant speed rotation method is thus completed. N~
The motor shaft 5b is locked against rotation after the
completion operation 1006 _and. 1008 shown. in Fig. 3 has been
| performed. The pivot 11 is separated from ihe bearing  12.
20 Accordingly, the pivot can be prevented from béing .damaged
even if the rotor Sa is. washed or replaced. Since the completion
operation is sequentially and automatically performed in ..
response .to only one instruction of the measurement termination
until the protection of the pivot, the rotor is prevented from being
25 removed when a user fails to lock -the rotor. Since the state of the-

viscosimeter is displayed in the present embodiment, a. user can



response to only one instruction of the neasurenment ternmination until the
protection of the pivot, the rotor is prevented from bei ng 25 r enoved
when a user fails to lock the rotor. Since the state of the viscosineter is
di spl ayed in the present enbodi nent, a user can 34 easily notice the
state of operation of the viscosineter and wong operation can be
preven{ed. Since the rotating drive notor is not driven while the | ocking
motor is driven in the present enbodi nerd#4 a | ocking or releasing 5
operation simnmultaneous with the neasurenent of the viscosity is prevented.
Anot her enbodi ment of the present invention will be described with
reference to Fig. 14. The enbodi ment shown in Fig. 14 is a viscosineter
having a 10 namin body 100 of the viscosineter and a pivot protecting

apparatus 200 whiéRh. I+f{h | - Qﬁﬁ; t BE NRONSscB ik W%Si nt
and is identic%#iwqtlﬁh&e ta ogtgtérg?\t:i neaﬁéﬂbggi%n;(ﬁ?n s{dregéc}te%rne an '{E
function excepdpdratiorn NGarst be'Chidveritbda control systemis - different from
that of the aboR/e ment i oned 15b enbodi ment. Accordingly, only the

di fference therebeRiged the! rofliny \irbee dasedr hiechdredeiven Wisilé Otie Pbckingt em
of the present enbodi nent perforns control by neans of a hardware | ogic

circuit while motordst driveny$hethe greséet achadivesnit] andockivip domasleasing
perforns control by 20 neans of software using a conputer. In Fig. 14, the
present enbodi operatiomnsimdtanecqus! seith the measurement of the viscosity is
U prevented.
Another embodiment of the present invention will be
described with reference to Fig. 14.
The embodiment shown in Fig. 14 is a viscosimeter having a
10 main body 100 of the viscosimeter and a pivot protecting
apparatus 200 which are similar to those of the abéi;e mentioned
embodiment and is identical with the above mentioned
-embodiment in structure and function except that the structure of
a control system is different from that of the above mentioned
15 erpbodiment. Accordingly, only the difference therebetween will
mainly be described herein. |
The  control system of the present embodiment performs
control by means of a hardware logic circuit while the control
system of the above mentioned embodiment performs control by
20 means of software using a computer. | |
In Fig. 14, the present embodiment compﬁses a pulse
generator 301 for generating a drive ‘signal; a sampling time timer
304 for determining a sampling time; a driver circuit 303 for
driving a rotor driving motor (refer to Fig. 1A) disposed within
25 the main body of the viscosimeter; an automatic rotor shaft

‘locking device 305 for autOmati'cally locking 'a rotor shaft



generator 301 for generating a drive signal; a sanpling tine tinmer 304 for
determning a sanpling time; a driver circuit 303 for driving a rotor '
driving notor (refer to Fig. 1A) disposed within 25 the main body of the
vi scosi nmeter; an automatic rotor shaft |ocking device 305 for automatically
| ocking a rotor shaft 35 simlarly to the enbodinment of Fig. IA, an A/D
converter 306 for converting a change in rotational angle between t hiswf Ot OF
and a drive notor, detected by a rot3by difference transformer into a
digital value; a conmparator 307 for outputting a wi nding stop 5
instruction signal and a signal identifying the rotational direction when
the change in rotation angle becones a preset w nding angle; a sw tching
circuit 302 for selecting whether or not a drive pulse fromthe pul se

generat or 3fhilafly 16 Uilec émiodint¥nt V6f mgr AL aR0A/DN d&%ﬁ&esbeafdxgna' S

fromthe pul se génerator 301 and the 1 ~conparator 307; a sign _
processi ngconvertiig 4 Ochdindecrif rotationak atigle Obetweerthe rotod ah@ ghange in

the rotational angle; and an indicator 309 for indicating an output from
t he signal dpivecamnstory detecté&dsby Therctagyradiffsrenes siragsforier3@fitoray be
connected with another conputer system 390. The conputer systemincludes,
for 1 5 edigitak valucra sompimaton 3073§ar eutputtimg Fa gwindinga stopist ant
tenperature bath 38 for supplying a I%&giq to naintain a sanple liquid at a
const ant t dngsEuctionesignal | andt a asignal Tidentifying the retational odireetiononnect ed
w th the enbodi nent shown jn Fig, 1A |In the nmeasurenent of the viscosity™
in an ul t r ®hedy theychapge oip rotation rangle bocomes < rpreget avindinBon net hodwh
the presentangle: a switching circuit 302 for selecting whether or not a drive

pulse from the pulsé -generator 301 is ‘inputted to a driver".c_i-rcuit

303 in response to signals from the pulse generator 301 and the
10 comparator 307; a signal processing  unit 308 for determining the

viscosity based upon the change in the rotational angle; and an

indicator 309 for indicating an output from the signal- processing

unit 308. The signal processing unit 308 may be connected with

another computer system 390. The computer system includes, for
15 example, a CPU 391, printer 392, etc. In Fig. 14, a constant . o~

temperature bath 38 for supplying a liquid to maintain a sample

liquid at a constant temperature is il_lus_'t'rated. This bath may be,

of course, connected with the embodiment shown in Fig. 1A.

In the measurement of the viscosity in an ultra-low fluidity

20 range by the spring relaxation method in the present

embodiment, the pivot 11 _is' separated form the bearing 12 and is

locked ag_ainst rotation, and a spiral spring 4a is wound by

rotating the pulse motor 21 at a constant speed while locking the

rotor shaft 5b (refer to Fig. 8A). Although the rotational speed is
25 not directly related'_'with the spring relaxing measu_rement since it

is only a winding speed, this rotational speed is sclected to be a
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émbodi nent, the pivot 11 is separated formthe bearing 12 and is | ocked
against rotation, and a spiral spring 4a is wound by rotating the pul se
notor 21 at a constant speed while |ocking the rotor shaft 5b (refer to
Fig. 8A). Although the rotational speed is 25 not directly related with
the spring relaxi ng neasurenent since it is only a wnding speed, this
rotatil\gpal speed is selected to be a | ow speed in order to reduce the
variations in the stop position when the Spring is stopped to conplete

wi nding. As the spiral spring 4a is wound, the change in angle between an
out put shaft 22 and a rotor shaft 5b increases, 5 Accordingly, the
digital value which is obtained by A/D converting an output signal from an
angl e detector 23 is ipputted into conparatof 307 to determ ne the

di fference bet }@¥nSPefd dngorder $a) redugeqthe rvariptions iRy the SLOR PAILIER i s
prelimnarily nual reset, by a key-swi tch., Wien, this val ue becones O 10
upon reaching f’n‘ﬁ'@“c zﬂ‘ée Pﬂpﬂd?%ét‘?/@ﬂﬁ,mmﬁﬁmﬂ‘ﬁ“ﬁ VIBEt ed by st oppi ng

h I r ef 1 Q.. . 4h b I ' he | ocki f
the Fotor shart, oS WEopbBal sBring Yan ¥ Soundy bie, SHEREE ' Bnsl¥ on"Vor que
exerted by thepsplah AP dilBuf il 28 add'% (ol Shblt Y herellsel e Sanpl e

| i quid. By procCessing ange In e ang change in
i ndi cat ed Or A& e p i1 i hg | ' rotor shaft
is rel _ease?i niﬁ?‘grgflhﬁg tg?oggglngﬂtﬁﬁl ?ﬂgsg Fst P?g_?ﬁgﬁgwa ry'\g? t he .
viscosity of tBenvafie ad irgut 'sighali!fror l2AVahptd tidticlotnas einpired
angl yzed. The result of analySis can be displayed on a display 309.

into a comparator 307 to determine the difference between the

~ digital value and a target winding value which is preliminarily
manually pi'eset by a key-switch. When this value becomes O
10 upon reaching the target winding value, winding is completed by
| stdpping' the pulse motor 21 (refer to Fig. 8A). Then, by releasing
the locking of the rét_o_r shaft, the rotor 6a is driven to rotate by
the relaxation torque exerted by the spiral spring 4a against the
| visépéity torque of the sample liquid. By processing the change in

1 5 tl}d aﬁgle, i.e. the change in indicated degree with the lapsed time

&,,( si;me the locking of the rotor shaft is released in the signal
procéssing unit 308, the behavior.of the viscosity of the. sample
liquid in an ultra-low fluidity range can be analyzed. The
result of analysis can be displayed on a display 309.

20 | After the lapse of the time preset in the sampling time timer
304, a rotor shaft locking instruction signal .is generated from the
timer 304 ..t.o actuate the automatic rotor shaft_ locking device 305.
The rotbr shaft 6a is thus locked so that the viscosimeter is
returned .tb a stop state to complete | measurement.

25 In aécbrdance with the s_tructuré of the present invention,

measurement of the viscosity for the analysis of the



20 After the |apse of the time preset in the sanpling tinme tinmer
304, a rotor shaft locking instruction signal is generated fromthe tiner
304 to actuate the automatic rotor shaft |ocking device 305. The rotor
shaft 6a is thus |locked so that the viscosineter is returned to. a stop

state to conpl ete neasurenent. 25 I n accordance with the structure
of the present invention, neasurenent of the viscosity for the anal yu& of
t he 37 characteristics of the saBpe liquid in an ultra-low fluidity

range using the spring relaxation nethod is also sequentially and
automatically perforned except for initially charging the sanple Iiquid
into the viscosineter. 5 Al t hough thé sl eeve is displaced by neans of
the |l ocking notor in each of the foregoing enbodi nents, the displacing

o N0 o HirpttetistRe of i SalfEOHquid GnahPhiieEIBY SRR per | Of ed,

for exanple, by using a sol enol etc. as an actuator. This

limt swt ORhiiad! raMl ' Eldl€q SYd sl e
aeB sty Me BpHRE, rPlikhiln, MLhTRONCale Ml B ® et

_sensitive_s t ch, etc. w mtedto_a mcro-swtc
i nvention dtoffitiddlly t gérfobfmed!l ¥xéést #oPVinifmally ehadghizd aliengahatplend nay- be

enbodi ed in any other ‘manner -so that simlar functions are perfornmed.
Vari ous cHiggiek ihbo thed vischsimmter.of the present invention are possible
within the scope of the disclosed technical concept. , _

:A.lthough the sleeve is displaced by means of the locking )
motor in each of the foregoing embodiments, the displacing -
n__uethod is not limited to this method. The displééem_eht can be
performed, for example, by using a _lihea'r motor, a solenoid, etc.
as an actuator. This limit switch may be an -opticél switch,

10 magnetic switch, pressure sensitive switch, etc. without being -
limited to a micro-switch. |
 The present invention is not limited to only the above
mentioned embodiments and may be embodied in any other
manner so that similar functions are performed. Various changes
15 and additions of the present invention are possible within the N

scope of the disclosed technical concept.
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i38 What is Clainmed is: 1. Arotary viscosineter including a rotor which is

driven to rotate while contacting with a liquid, the viscosi of which is
to be neasured; a rotor shaft which supports t and is a first 5
drive shaft for transmtting a rotational drive for otor;
rotating drive neans having a drive power sou ‘\k he rotor to
r;$ a"second drive

rotate( and an output shaft for outputting the
shaft Tor transmitting the drive power 3tg the rotor shaft; a first |inking
nmeans for elastically linking said output shaft 10 with the second drive
shaft via a spring for transmtting the drive power therebetween;
support neans having a pivot and a bearing for rotatably bearing and
supporting the rotor shaft; and a second |inking nmeans whi ch bypasses said
support rrean or Jlﬁilil["lﬁ%é he rotor shaft with the second drive shaft;
characteri zed 1$ai d vi scosineter conprises rotational angul ar

di spl acenent dete tipg_neans for Jdetecting t.he rotational ,angul g
di spl acenent of '53' dR 6PWY5H§FPSW%IET BCHding; 3 Tater o‘Uﬁ}ﬁh 1 hﬁf‘f’en to

Fesurtant andita SPEN SRRacibe [P iaREL %, Vi@EREY L H6i WBH 38 1 ocking
mechani sm forg, éqﬁ%ﬂﬁe da‘i%'t&c‘%h?ﬁ Rﬂﬁcfxoﬁ%p&%ftheaﬁ?t Sinci"kga hrﬁtg and

rotating, respec and ‘a pivot separati mechani sm

contacting tftmpevmaﬁff &fh%ﬂﬂp?égcom ia {;ﬁﬂmd%m Wokde 1€ (RE 3 dtBs;

respectively; and control neans ing said rotating drive" rrea S
ang sai d pi volotafifgedrived méwiss having a drive Power Roneke Pfoit %i\hﬁgt :
rot a |n

havfhg a first state in which the rotor shaft is | ocked agai nst
and the pivotrotér s dosatepand an output shaft for outputting the drive power;
a second drive shaft for transmitting the drive power to the rotor
shaft; a first linking means for elasticaliy linking said output shaft
10 with the second drive shaft via a " spring for transmitting the
drive power therebetween; support means having a pivot and a
bearing for rotatably bearing and supporting the rotor shaft; and
a second linking means which bypasses said support means for
linking the rotor shaft with the second drive shaft; characterized
15 inl that _said viscosimeter comprises rotaiional angular |
displacement detecting means for detecting the rotational angular
displacement of said rotor shaft with respect to tne output shaft:
viscosity calculating means for calculating the viscosity from the
resultant angular displacement; pivot protecting means having a
20 locking mechanism for locking and unlocking the rotor shaft against
- and for rotating, respectively and a pivot separating mechanism for
separating and contacting the pivot of said support means from and
with the bearing, respectively; and control means for controlling

said rotating drive means and said pivot protecting means;

25 .said pivot protecting means having a first state in which the

rotor shaft is locked against rotating and the pivot of said support
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39 * C L M S * nmeans is separated fromthe bearing
and a second state in which the pivot of said support neans is in contact
with the bearing and | ocking of the rotor I's rel eased; said control
means having a control node for neasuring t ' ' ‘mﬂm spring
relaxation 5 nmethod in which the control mmﬁmmm ility of
controlling the pivot protecting meg S so t thet pivot® protecting ns
isinthe first state on starting afAd conpl eti on of measurenent and in the
second state during neasurenent and having a capability of controlling said
rotating drive nmeans so that the torque of a spring 10 of the first

| i nki ng means reaches a preset desired value at the start of measurenent.

2. Arotary viscosineter as defined in Caim,1 in which said control neans
has a contmeansmiseséparatahSuomnghe heearimg aaid. ya Isecand staoe aimi whiche r ot or
at a constant speed in which said control nmeans has a capability of

control | i thet pivasi oft said osuppomt gneaas sissin tdomtacthavigh viwe peariagt and neans
isin the first state after the conpletion of measurenent and in the second
state frordocking ofathe irotemshafinis aeleaseds saihoontvalnmeans havingi ity of
controlling 20 said rotating drive neans so that said rotating drive neans
drives t h&oMEInmede \kors measuring, she Wsecosity t by &t spring orelaxadenypl eti on of

nmeasur gnment . .3., A rotar i scosi meter as defined i .Clairtnlin_ ich said
25 cont MBpthadhdu pehich ther €oBRGT omean s A capARIlity of onwelling: ol
mode for RESPIAY prbfeckiny Fbdns B thR TE Yot hABLARE MREASs O

in the first state on starting and completion of measurement and in
- the second state during measurement and having a capability of
- controlling said _rot_ating drive mgans SO t_hét the torque of a spring
10  of the first linking means reaches a preset desired value at the start
of measurement. |

2. A r-btary- viscesime_ter 'as defined. in Claim 1 in which said
control means has a control mode for 'meé'suri_ng_ the viscosity by
15 rgiating' the rotor at a constant speed in \_i_rh_-ieh said control means = = -
hz‘ls a capability of controlling the pivot protecting means so that _ bt
the pivot proteéting means is in the first state after the
completion of 'm.eas.urement and in thé_ second state from the start
to the completion of measur_emen't' and a capability of controlling
20 said rotating drive _meané so that said rotating drive means drives
the second drive shaft .t_o rotate from the start to the completion

of measurement.

3. A rotary viscosimeter as defined _in Claim 1 in which said
25 control means is selectively operated in_'_ei;het' one of the control

mode for measuring the viscosity by the spring relaxation method
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40 * C L M S * and the control node for measuring the viscosity
by rotating the rotor at a constant speed, in response to a node sel ecting
signal. 4. Arotary viscosineter as defined in Gaim3 further 5

i ncluding a first and second detecting nmeans for detecting that said pivot

"protecting nmeans is in the first and second states, respectively. 5. A
rotaryviscosinmeter as defined in daim4 in which mllmmﬂu“ﬁmuml means
‘has a capability of controllingtherotét@ng drive ' nto
rotate provided that said second detecting means detéct$§ that" t e pi vot
protecting nmeans in the second state when said control neans is in the
control node for neasuring the viscosity by rotating the rotor at a
constant speed. 15 6. A rotary viscosineter as defined in Claim4 in which
sai d control mmdnshéacomtrohpabdei fgr aheasuriing| thenyisdwsitytby i rugatingv ¢hereans
to be driven to rotate provided that said first detecting nmeans detects
that the pivotrotomiaecaicanstamtnspeedf in fasponsetta @ hnode viedectisg dsignal.r ol
nmeans is in the control node for neasuring the viscosity by the spring
rel axation nmethod. 7. A rotary viscosineter as defined in daim4 in which
said control neans includes nmeans for carryjng out the steps _ of 25
bringi ng the pi vot4prévt EQtarygvigeosiseetent #s idedined ip Glaima Byfurther ng said
ocking meghagt Sfhaing aP re! and Yedond®oREcHtg basd for tlfecting thar

(L ~said pivot protecting means is in the first and second states,

respectively.

5. A rofary viscosimeter as defined in Claim 4 in which said
10 control means has a capability of controlling the rotating drive
means to be driven to rotate provided that said second detecting
means detects that the pivot protecting means in the second state
when said control means is in the control mode for measuring the
viscosity by rotating the rotor at a constant speed. |
15
6. A rotary viscosimeter as defined in Claim 4 in which said
control means has a capability of controlling the rotating drive
means to be driven to rotate provided that said first detecting
means detects that the pivot protecting means in the first state
20 when said control means is in the control mode for measuring the

viscosity by the spring relaxation method.

7. A rotary viscosimeter as defined in Claim 4 in which said
control- means- includes means for carrying out the steps of
25 bringing the pivot protecting device into the first state by driving

said locking' mechanism and pivot separating mechanism until the
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41 * C L M S * first detecting neans detects that the pivot

protecting neans is in the first state after receiving an instruction to
start the nmeasurenent in the control node for neasuring the viscosity by
the spring relaxation nethod; and driving the rotating drive 5 neans when
the first detecting neans detects that the pivot protecting means is |n t he
-first state for adjusting the torque of t he sprl T
torque becomes a preset desired valqug mas]mllmm lmmml m’out at the start

of nmeasurenent .steps of bringing the pivot* prot ect®¥ng neans into the second
state by driving 10 said | ocking nmechani sm and pivot separating nechani sm

until the second detecti.ng neans detects that the pivot protecting neans is
in the second state and activating the viscosity cal cul atl ng means when-

he Seoonied HBRed RRAR ‘PPl A e i) BleSERRECHIARY W SR ' on

|nto the fyjef §ir ﬁ?tﬁ"af‘ebéf r%é%&‘i}]ufgs?n 'J‘eﬁ“t(xlu FloH® £8' 2d¥aft de{ied - p' VOt

separating mechani'sm un ng nmeans cts the that the

pi vot pr %ﬁ&hf&in&ﬁﬁ% 'tﬁe ' ébdt?@l fthb8é fordinfedduthi Sclge v éﬁ'i't T

measur enment . ..Arotary viscosineter yCI aim7
and furthgye 's'ibﬁﬂgjllfe@aﬁhtm’t %eﬂﬁ@dts ahidr deivingamie rothengrdiive on state. 9.
A rotary viscosimeter as defined in Caim4 'n which sard control mneans

i ncl uges means Wdfercaheyfizgt aetedtiveg smenns odlet@bts that ndienpivée pi vot
protecting device into the second state by driving said |ocking mechani sm
and pi votprotpetingi mpamscisinsthe first state for adjustmg the “torque of

said spring until the spring torque becomes a preset desired
value means for carrying out at the start of measurement steps of
bringing the pivot protecting means into the seeo_nd state by driving
10 - said locking mechaniSm'and pivot separa'tir_ig‘"met:hanism until the
second detecting means detects that the pivot prOteeting'iheans is in
the second state and activating the viscosity calculating means when
the second deteeting means detects that the pivot protecting means
is in the second state; and mears for bringing the pivot pro'tet:'ting
15 means into the first state by driving said l'o'ekingf-' mechanism and
- pivot separating mechanism until the first detecting means detects
the that the pivot protecting means is in the first state after

completion of measurement..

20 . 8. A rotary viscosimeter as defined in Claim 7 and further
including display means for displaying the operation state.
9. A rotary viscosimeter as defined in ‘Claim 4 in which said -
control means includes means for carrying out the steps of
25 bringing the pivot protecting device into the second state by

driving said locking mechanism and pivot separating mechanism

O




until the second detecting nmeans detects that the pivot protecting neans is
in the second state after receiving an instruction to start the measurement
in the control node for neasuring the viscosity by rotating the rotor at a

const ant speed; and driving the rotating 5 dW second
detecting neans detects that the pivot protecting neans is |n second

st at eUnd means for stopping the rotat4pn of t mu \ rreans
aftegr receiving an instruction to conplete maasnm i ngi ng the

pi vot protecting neans into the first state by drfvihg “said Iock| ng 10
mechani sm and pivot separating nmechanismuntil the first detecting neans
detects that the pivot protecting neans is in the first state. 10. A rotary

ééf?ﬁ?'igf éiihaﬁfqlﬂiﬁ'sgtg%’aﬁ‘%f aeling” Frobsd \diterts Jpalabdrpivh BIRATES T,
ol asti cal 1y, I0RAM g0 dﬁtﬁoé'g{gﬁégﬁﬁ‘?%”ffté“%@%%?t %'2' (BBt o St

20 12. A rot M St ef [ [
di spl acenent %E‘ét &%&%%Hrrﬁeg‘gs“?nc go'ﬁ‘ﬁg)lr 3?%@ (?hes\rqtq'ilrg] trar@%l%rgné{ for
electrically roter A adt ﬂgﬁﬁ?nﬁfé@d 25né3dn61ri tihey
Vi scosi nmet er @E lgﬁ?hﬂ EI;lrér:t d gllun%ﬁl | %§Wm ch t é) t rotattng
5 drive means when the second detectmg means detects that the
pivot protecting means is in the second state; and means for
stopping the rotation of the rotating drive means after receiving
an instruction to complete measurement and for bringing the
pivot protécting means into the first state by driving said locking
10 mechanism and pivot separating mechanism until the first
detecting means detects that the .pivot protecting means is in the

first state.

10. A rotary viscosimeter as defined in Claim 9 and further

15 including display means for displaying the operation state.

¢

11. A rotary viscosimeter as defined in Claim 1 in which the
first linking means includes a spiral spring for elastically linking

"said rotating drive means with the second drive shaft.

20
12. A rotary viscosimeter as defined in Claim 1 in which the
angular displacement detecting means includés a rotary
differential transformer for electrically detecting the angular
displacement.
25 |

13. A rotary viscosimeter as defined in Claim 1 in which the



capability of the control neans of controlling said rotating drive neans so
that the torque of the spring of the first |inking nmeans on starting of
measur enent includes both of increasing or decreasing the torque of the

spring beyond the current val ue. | ||!|\“c|ml\!l“,!m‘!“\!“ u

43

capability of the control means of contrdlling said rotating drive
means so that the torque of the spring of the first linking means
on starting of measuremcnt ‘includes both of inCIeasing-- or

decreasing the torque ‘of the spring beyond the current value.

O



