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MEASUREMENT OF THE V1SCOS1TY OF A LUBRICANT USED IN
HYDRAULIC VIBRATION DAMPERS

V. Ye. Kopylov and A. N. Trubin
Tyumen® Industrial Institute

Work [1] glves 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 attentlon is pald to the
viscosity of the lubricant. A highly viscous fluld, with a viscosity
more than 5000-10,000 centipolse, can be obtained by using readily
available nigrol with additions of kanifol' (colcphony) 1n various
welght ratios [2].

The calculatlon of a vibration damper 1s hampered if the
value of the viscoslity of the selected lubricant is u-.known.

Measurement of the dynamic (effective)® viscosity by ordinary
metheds - e,g., With an Engler viscosimeter — beccmes impossible

because of the fact that the lubricant dcoes not flow at temperatures
below SO—lOOUC=

*A two-component lubricuant 1s not 4 Newtonlan fluld; therefore
dynamic viscosity 1s more properly called effective viscesity,

FrDef = 5=175~70
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A the Tyumen' Industrlal Institute a viscoslmeter has been

constructed which 1s vased on the idea of N. A. Slezkin [?]
1“1
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concaerning the compresslion of a viccous
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of' which one 1s fixed.

Accordlng to the hydrodynamlc theory of lubrication, the
compressive strength of a viscous f1lm will be

3 af d/l_

P. —"wp ,
2 l‘/I:‘(/l

(1)
where P 1s compressive stirength in dynes; pu is the dynamic

"
viscosity, polse (dynes/cm®); h 1s the thickness of the layer in
cm; a is thne radious of the disk in cmjy; t 1s the time of
compression of tne fllm, s; v = dh/dt 1s the rate of compression,

cem/s .

If the mobile disk 1s loaded by force Q, the equation of
motion of a system having mass m and acceleration w 1s written as

follows:
Q'gg

— P =me = .
Q ° dt

(2)

By solving expressions (1) and (2) simultaneously, integrating
under the initial conditions + = 0, v = 0, h = ho (hO is the 1inltilal
thilckness of the lubricant fllm), and ignoring small values of

v, we wlll have

Py (3)

as

Y
Here ¢ 1is the instrument constant in G/cm ; aimensionality @ iwo

[ i I
I w were crpressed in ey, thenn o = (4 1b)=Q)/3na S A P,
2 o n
expressed In (kgfes)/m™, then ¢ = 40Q/(n.a '),

plven 1a 4d; a, h, and hO are gliven 1n cm; and t is in seconds,
A
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Equation (3) is the initial equation during desighing of
an instrument which must measure the time U of compression of a
lubricant film during a change In its thilckness from an initial

[ G e 1 .- 1
dilaldl VAailuo 1l

Mgure 1 shows the diagram of an instrument based on the
Wick [Translator's Note: exact spelling not determined] 1nstrument.
The aubricant is appllced as a thin, even layer on the table of the
device and is compressed by disk 2. The disk is first brought into
contact with the surface of the lubrilcant.

=26 V

P8

Fig. 1. Diagram of the instrument:
1 — lubricant; 2 — disk; 2 - brake;
4 — coll; 5 — magnet; 6 — load:

; 7 — arrow indicator; 8 — level;
' 9 — N-700 oscillograph; 10 — VNN-2
rectifier. :

/ The measuring elements of the Instruments are the arrow
iﬁdicator 7 (measurement of h and ho) and a time pilckup with
oscillograph 9 and rectifier 10 (measurement of t). The time
plckup consists of permanent magnet 95, 12 mm in dlameter, and
coll #. The internal dlameter of tihe coll comprises 13 mm; the
wire is PE~C.2, the length of the winding 1s 6 mm, and the number
of turns 1s 380, Movemenl or the marnei in the coll excites an
emf which 1s fed to the sweep of tLhe muapnetoeleciric cosclllograph,
The time of excitatiorn of the emf 1s recorded on photepraphic
film (Pig. 2).

FTD=HT=. 4= 174270
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Fig. 2. Recording c! the time
of lubricant compression, The
dlistance bauvween time moeskers
1s 110 =oecond,

When working with lubricantis of diiferent viscoslties it 1s
necessary to have a setl of changeable disks ot two different
diameters, The more viscous the fiuld, the smaller must be the
diameter of the disk, whose ridius can be calculated from equation
(3) by giving tentative values of v and h,, With an excessively

0
laprgn dlsk diameter the time of compression 1s increased up to
several seconds, which reduces the accuracy with whlch t is
measured (the curve of the emf as a function of t becomes very

shallow) and 1t Increases the consumption of photographic filim.

In our instrument the entire load Q war taken as 2560 G, with
the welght of the moblle parts taken into account; thz disk
diameters were 6, 12, 20, and %0 mnm. wWo measurcd the dynomic
viscosity of nigrol, cup grease, and poelyisobutylene, and also that
o nigrol with additions or colophony, which increased the
viscosity ot the nigrol lubricant, FolyiscUutylence was dsed Lo
ctebiidve the viscosity or the lubricant aurlrnyg chunges in
vemperal ure,

The results of measurchient of visoosity (oP eor ((kegfes)/m" )10

ave gilven in the tal ie,




T-pll’“! " Poly- | Nigrol with colophony in the
o C sobu- | 1ght loa:
c';[:"' ' g‘:‘zul . wlens ingml : aht retlo _
| ' O T E R 112, 143
17 S I I R DT I | | —
15 * U oo -.
17 . 1160 16200 -
gl 100 T2 G2 7250 Solid masse
i I A0

From the table 1t is clear that nigrol greacses, especlally
In comblnatlon witn colophony, possess the highest viscosity.
Depending on the concentration of cclophony the viscosity of the

lubricant 1s increased by 10-16 times.
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highest viscosity, V.

116,6 and 162.,0 poise, resp,
at 40 degrees,

40 degreces, resp.
degrees for "solidole,"

to temp. changes in drilling.

+

‘In sclection of the vibration dampers for a long column of drill
pipe, the most acceptable chem. compd. is considered as that with
Such a campd. is "nigrol" {X), a transmission
lubricant mixed with "kanifol" {II), a resin,!/- Mixts. in the ratios
of 2 to 1 and 1 to 1 (I to II) by wt. at 17 degrecs had V values of

The latter valuc decreased to 30,00

On the other hand, addn. ot II to give I to II ratios
of 1 to £ and 1 to 3 scolidified the mixt,.
ratio of 3 to 1 and V valuecs of 90,0, 72.9, and 19.4 at 15, 21, and
The Vo values,

The mixt. with a I to II

4.0 and 7.9” had been detd, at 21

a cup grease, and polyisobutyliene, resp,
The latter is used for viscosity stabilization in compds. subjected

(AP9035918)
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