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MEASUREMENT UF THE VISCOSITY OF A LUBRICANT USED IN
HYDRAULIC VIBRATION DAMPERS

V. Ye. Kopylov and A. N. Trubin

Tyumen' Industrial Institute

Work [1] gives the theoretical foundation of hydrodynamic

phencmena in a hydraulic vibration damper of the plate (disk) type.

During calculations of the suppression of longitudinal vibrations

of drilling tubes by a layer of lubricant included between the

disks of the vibration damper, the basic attention is paid to the

viscosity of the lubricant. A highly viscous fluid, with a viscosity o0

more than 5000-10,000 centipoise, can be obtained by using readily

available nigrol with additions of kanifol' (colophony) in various

weight ratios [2].

The calculation of a vibration damper is hampered if the

value of the viscosity of the selected lubricant is u-known.

Measurement of the dynamic (effective)* viscosity by ordinary

methods - e.g., with an Engler viscosimeter - beccomes impossible

because of the fact that the lubricant does not flow at. temperatures

bolow ';o-lou(e.
*A two-component lubricant is not a Newtonian fluid; therefore

dynamic viscosity is more properly called effective vi:s:ccsity.
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At the Tyunien' Industril. lInsLitute a viscosimeter] has been

constructud whJch is based onl the idea of N. A. Slezkln D]

conceirning the compi-esiur of a vi.- 'ou''',-'-'," two dl.J,

of which one is fixed.

According to the hydrodynamic theory of lubrication, the

compressive streilnth of a viscous film will be

3 al dh
2 Ihdi' of lae

where P is compressive strength ir, dynes; p is the dynaleic

viscosity, poise (dyn-s/cni2); is the thicknicss of the layer in

cm; a is the radious of the disk in cm; t is the time of

compression of tue film, s; v = dli/dt is the rate of compression,

Cm/s./

If the mobile disk is loaded by force Q, the equation of

motion of a system having mass m and acceleration w is written as

follows:

Q dv
Q-P=sozr g- . (2)g dt

By solving expressions (1) and (2) simultaneously, integrating

under the initial conditions 0 =0 V = 0, h = h 0 (h 0 is the initial

thickness of the lubricant film) , and ignoring small values of
v, we will have

:L -~ 1LNi (3)

]fere c is the itistrumernt constant in G/cmn; limensionality Q i.-
given i•i G; a, h, a•rd h 0 are given inl cm; auld t is in seconds.

_11 ~ ~ 'L -L) no

expr'eused ilI (kgf-s ) /m", thenI I I IC 3i•.• a
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Equation (3) is the initial equation durling designing of

aui instr'inient which must mcasure the time t of compress;iujn of a

lubricant film during a change in its thickness from an initial

value of h0 to a final val-.

,igUrC 1 shows the diagram of an instrumeunt based onl the
Wick LTrarislator t s Note: exact spelling not determined] InstruVnlelt..

The Lubricanit is applicJ a:: a tlhin, eveni layeir oil the table of the

device and is compressed by disk 2. The disk is first brought into

contact with the surface of the lubricant.

Fig. 1. Diagram of the instrument:
1 - lubricant; 2 - disk; 3 - brake;
4 - coil; 5 - magnet; 6 - load.
7 - arrow indicator; 8 - level;
9 - N-700 oscillograph; 10 -- VNN-2
rectifier.

I

I/ The measuring elements of the instruments are the arrow

:,ndicator 7 (measurement of h and h 0 ) and a time pickup with

oscillograph 9 -nd rectifier 10 (measurement of t). The time

pickup consists of permanenlt magnet 5, 12 mm in diameter, and

coil 4. The internal diameter of hjth coil comprises 13 mm; tile

wire is PE-C.2, the length of the winding A, 6 mm, and the numbei-

of turin,; is 80. Movement of the macgnet in the c eil .xcites an

emf which is fed to the sween of Ihe ragreto!l. et nc tche cg

The time of excitatioi: of the emf is recorded on photogi'aphlc

film (Fig. 2).



Fig. 2. Recording, cf the, time
of lubricant copesb Thefj
dis3tanlce boitwceoitine u:ct
Is 1/,,10sco,

When working withi luibriclantis of different viscosities It is

necessary to have a set. of' changeable disks of' two different;

diameters.* Thle more vijscous the1 fluid, tire smalleur must be the

diameter of the disk, whose radius can be, ca-lculated from equation

(3) by giving tentative va-lues Of 11and h0  With an excessively

lal.ge, disk diameter the time of compres36.Ion is increased up to

s~everal seconds, which reduces tile accuracey with wi.."ich t, is

m-,easured (the curve of the emf as a functioni of t becomes very

shiallow) arnd It inicreases thie consumption uf photographiic filmi.

In our instrument the entiire load Q war,, taiken as: 2fl60 n, -Wi th

the weight of thre mobile. parts talceni!A.O a5Qoul~t ; tlaz disk;

diameters. were 6, 12l, 90-ý, and ,0 mc~ivi(- W& se as.urt:ý. U 11L dyca-1ut c

VIi; cos~ity of nigrol , Cup grease, andp y l'bitycic ;all 11a];o that
a irlwt -dditionsý ci' sOo]f omkl , w f irae

:izzc,)sIty .)I the nigrol I ubvicaunt, PolyP 1 2 -Lcw IIc was- UuD tu

statI A etlie 01,05i Vo the, Ilot i.cant ii ig hitq-iO; sInl

telrpetcit ",iCe

The rsultsof reasurrm:::."t 01' IVsfi:,:it's( c-I- kg~)nr 1

:41 4 etii. th Lat ie



Ump~r- Poly- Nigr'ol with colophorty In th¶e
t.ral d Cup in0ohi- W o i•lt ratiLo:
0 ' greaUs tylen. ____r__,~ ~~~ ,1 ]! ! 12, 1,3

1.'1 -- I - ji- I I -i-I•

17 . 11160 t;2-
21 10(0 7:2 Ž 72,(0 Solid mass
h, 19 :lot A)

Fromn thre table it is clear that trigrol greas:es, especially

InI combination witn coloplhoily, possess the highest viscosity.

Depending on thu concentration of cclophony the viscosIty of the

lubricalt Is increased by 10-16 times.
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13 ABSTRACT

"In selection of the vibration dampers for a long column of drill
pipe, the most acceptable"-Weni. emnpd: is considered as that with
highest viscosity, V. Such a conpd. is "nigrol" JI), a transmission
lubricant mixed with "kanifol" (II), a resin.( Mixts. in the ratios
of 2 to I and I to I (I to II) by wt. at 17 degrecs hadI V values of
110.6 and 162.0 poise, resp. The latter value decreased to 30.00

at 40 derecs. On the other hand, addn. of II to give I to II ratios
of I to & and I to 3 solidified the mixt. '1Ilvf mixt. with a I to II
ratio of 5 to I and V values of 90.0, 72.`, and 19.4 at 15, 21, and
40 degrees, resp. The V values, 4.0 and 7.92 had been detd. at 21

degrees for "solidole," a cup grease, and polyisobutylene, ree-p.
The latter is used for viscosity stabilization in compks. subjleted
to temp. changes in drilling. (AP9055938)
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