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mederate rpm, avoidance of cold starts, and
choice of frels and lubricants with a view to =maintaining integrity of the oil
film without ring sticking or sczle formation on valves are discussed.
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Introduction

The importance of problems concerned with increasing the reliability
ard 1ife of =achinery is generally recognized in all branches of domestic
zachinery mamfacturing,

The purpose of this book is %o correlats and systezatize the ressarch
material accusulated by the author in the srsa of wear and 1ife of =otor
vehicle engines over 30 yesrs of wark at the Gorkl  Kotor Vehicle Flant,
ard alsc infar=atlion from the Zavolzhsk Engine Flant,

Some of the questions bwought to light were ;#*aiis%sé earliier in the
%ﬁaag-szé;s “Sraaking-In of Motor Vehicle Engines,™ "Wear in ¥Motor Vshicle
Engines,”™ and "Life of Motor Vehicle Engines,™ as well as in s number of
pazphlets and articles appearing in collections and journals. 1In this
work, thase maierials ares updatsd with new investigations in the area stu-

disd and are slso supplsmentsd with a theorstically bassdi sst of experizents

conlacisd previcusly, with the resulis obiained,

Ths rresent hook, "Engine ¥esr and Engine Life,” does not sncozpess the
sntire miltituds of guesticns on this large and complex problea, The abun-

dance of factors affscting relizbility and 1ifs and the wide veriety of
existing types of e*:gine =odels, diffarences in their conditions of use,
statistical scatter in wear of paris 2nd agzsabliss, and other regsons
excluds the mibiﬁtv of dealing with the status snd evolution of the
froblex sxhausiively in & single work. Eeside this, dus to the xwidespresd

intraduction of the KANARSFI gysten, rew rescurces for incressing dursbilitly

and wear resisiance in pariz reguiring theoretical bases ariess daily, and

nex theories arige reguiring expsrissnial chscking and tssting undsr condi-
tions of equipment operation, Numercus sxiressly valusile siudies performed

on samplss in friction machines have ££111 not besn confirged by tesis of
actual vehicles, and ithe resslts of coaplex studiss on complicated =sssa~
blies contradict results obtained through anslysis of ths intsrection of
sspayaie parts and units,

Thersfore, in the problez of wear and 1ife of sachines, and particularly
that of aoctor vehicls engines, ths nuabsr of “blank spota™ 1s still szo grsat

that zany years will sti1] be reguired to connect the disconnected links
into a strong chain.
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Special attention in the work has been given to asthods for svaluating
wear and to the charsctsristic features of its occurrsnce; to experisental
and theoretical anzlyses of variocus design, enginesring, and service factors
affecting wear; ani to the development of methods for accelsrated testing of
engines for sngine 11fs, The complexity of ths relationship between the
miltitudinous factors affecting wear and 1ife is aggravated io s significant
degree by the larges nmuzber of existing types and models cf engines, There-
fors, the author selected only 2 limited number of the =ore sericus and
least studied Factors for anmalysis, and a coxparatively smell rmumbsr of car-
bureted motor vehicle sngines as the object of investigation. For subse-
quent correlation, the sxperiments were conducisi on models which differed
in the muszber and arrangement of cylinders, system of gas distriation,
materiails of certain paris, and cther features. To obiain objective data,
ths experimenial msthodolcosy was bLased on initial sexpsrisesnis on s=all lots
of engines of & single zodel, with s:bseguent ifests op iarge lots, This
sort of mltistags investization schere is a logicsl continusation of a2 large
muzbe. of tests perforasd on xodels and frictiosn machines.

The bock ism intended for designers, itechniclans and ressarchers in
n@mmwa&mﬁg&mﬁm&, mgmmcze
reipair enterprises and motor vshicle frazmsport blishzanis, and also
workers in the Sclsntific Eesesrch Institutes ;zsi ;ﬁti‘;*atigs of Higher
Learning who are intsrested in ths questions of reiiability and iife of
machines

* Sclentific Ressarch izboratory of Engines at the Gozkil Eotor Vehicle Plant,
with whoss help this and proceding work in the srez of engine wear and erngine
1ife cars about, and thanks in advance ttose writers who, disagresing with
ths work, send their responses concerning thes book fo the adfress of the
pabiisher,
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Chapter 1
The Stats of the Probles of Engine Wsar and Engine Life

Incressing Engine Quslity Stability

Cuarantesing long life in vehicles, and in perticular inm =stoar vehicls

enginss, mm&;mﬁyﬁsc{t&smmc@iﬁ@slﬂé
to increased or premsture wesr in parts.

These causes can bs broksn down into three basic categories: desigm,
enginsering, and use. Thelr effects o wear and 1ifs somesiiszsz appear seps-
Tately, dut significantiy more often they are cosbined.

In actuality, isolated dassign decisionz without consideration for ths
enginesring possibilitiss of ssmufacturing the parts can to 2 significant
degres contribute to a decreass in wear resisiance. If during design such
parsmstacs of the unit or component 85 convenlsnce of preventive maintanancs
and repairabllity are not considered to the raguired degresc, ths total service
11%s yielded by thex turns ocut to bs sigrificantly shorier than that possitie.
In a cxse where the mamufacturing plant procsdure does not provide for the
regquired running-in of wshicle partsfriction sirfaces, the unavoldzble exten~
slon of this trocess into the initizl use situstica can cause premsiurs wear
in £ittad ssssxblies, Thers are an endless pusber of similer sxamdles testl~
iﬁggis&smiigs!siﬁimmﬁs‘@éﬁsﬁng%oﬁéﬁdésia
enginesring, =nd use factors in creating new machicery, including engines,

The above siztasenis charscterize cne of the essential methods for
incrassing engins lifs snd overall engine quality. inother, no less esseatlal
factor governing product quality to a significant degres inm the instability of
parts characteristics, beginning with the stock and ending with the fipal oper-
ations of machining, sssembly of subunits, and engine brsak-in,

Instability of stock quality can appesr, for instance, during redistribu-
tion of internal stresses in the metal in the procsss of uachining parts and
sven during ssseably of subunits and ths exgine as s whole.
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Instability of quality also appears with excesslively large assigned tol-
erances of part dimensicns and friction surface roughness, and even zore with
= violation of such asaigned pazmeters under production conditlons, In soms
csgeq, experience poirnts to the necessity of reducing thcse tolerances to
increase 1ife and other charanteristics of engine gquality. It has been estab-
lished, for instance, that the average initial deviation from nominal vzlues
of maxizum effective horcepower for the GAZl -69 and UAZZ 450 enginres aver-
ages &; for GAZ-51 englnes, up to 953 fur GAZ-21 engines, nearly 8%, sic.
Ons of the main ressons for such a2 significant spread in power indices of new
englnes is the extremsly lurge range of tolerances for combustion chaaber
volume, znd the differsnce in cylinder volumes in a single vngine., Thus, 2
difference in combustion chamber volumes of up to 3 ce” is allowed in GAZ-59
and GAZ-51 engines, and up to 2 c®J in GAZ-2i engines, giving a compression
ratio variability on the arder of (.,211. The carrelated results of tests on
pore than 20 engines with accuracy sufficient for practical purposes have
ostablished that even this small a variation in compressicn ratio can lead to
a decrease or increase in powsr of 2 - 3.5% and a changs in speed-dependent
fuel consunption of 2 - 5.3%.

In addition, nomuniformity in ccabustion chamber voluze causss somze
variation in gasoline octane numbar reguired. This makes it advisable to
decrease tolerances for the volumes grd differences in volumes of comtustion
chagbers, by machining them.

A no less essential factor affecting atability of powsr and fuel consump-~
tion is the presence cf resistance to the gasoline-air mixiture intake. Resis-
tance prisarily arises as the result of covering of the intake ports in engine
blocks as & result of gasket or intake manifold shifting. Formerly, under
] engine rroduciion conditions at the Gerki  Kotor Vehicle Flant, covering of

] the intake poris reached a value of 2 ~ 3 pm, which dacreased the passage area
up to 8.58. It was estsblished by the resulis of & apscial test that covering
of the intake ports by this amount reduces the maximum spesd-dependent effec-
tive power by an average of 1.5 - 2% and increases minimur specific fuel con-
sumption by 2%. On the basis of these resulis, measures were introduced at
the Gorki Hotor Vehicle Flant to eliminate the covering of intake ports in
engine blocks,

IR
‘l!

Along with this, an incresse in resistancs to zasoiine-alr =iviure intake
iz also promoted by projections and unevenness of foundry origin on the inpnper
surface of the intake m2nifold, Studies of GAZ-21 englines showed that smooth-
ing the intake manifcid by preliminary sand blasting provided an increase in
engine power of 2 - 3 and a reluction in specific fuel comsuptiom of 5 - 77.
There has rot, however, been sufficient attention directed toward this problem
up to the present time,
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Factors regayded as deiermining instability in power and economy indices
also include unevesnnsss of aixture distribution among the cylinders, the
presence of liquid-state fuel beyond the carburetor, disaimilar angles of
1 GAZ 35 a trademark of ths Carki Motor Vehicle Plant
2 UAZ ie a trademark of the Ul'yanovsk Motor Vehicle Plant
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ignition advance, unsvenness in cylinder cooling conditions, differences in
the level of friction ioss in the cylinders, arnd many others.

Similar relations expressing the sffect ©f initial parameters on subse~
quent instabiiity of engine quality appear to an even greater degree in Irela-
tion to engine 1life, Freguent tases of premature intensive wear in one of the
cylinders of an englne with normal operaticnal wear in the neighboring cylin-
ders are svidence of such & relation,

Cases of fallure in sepersio crankshaft pins, or one or two valve stems,
etc., while friction surfaces of other parts of the same type are fully oper-
ational are well mown.

Firally, certain lots of production engines are operated without major
overhaul for a duration of 120000 - 150000 vehlicle km, while far other engines
of the same modsl in fairly siallisr operating conditions, overhaunl after
000G ~ 80000 vehicle km is required.

A significant spread in {he apount of parts wear takes place sven durlng
the conduct of engine itest stand teste under jdentical conditions, where the
spread 1s governed only by the effect of design and enginsering factors,

Fig. 1 shows the distribution of parts wear as the result of 100-hr
test stand tests according o plant TU[Engineerirg Specificaticns] of 40 GAZ
and ZM2 engines, of which 30 wers model GAZ-51 engines, 15 were model UAZ-69
and UAZ-450 engines, and 15 were GAZ-21 engines,

4 sooewrat narrower distriibution accompanies higher absolute values of
wear, as seen 1o the results of 400-hr test stand tests of GiZ ani ZMZ
engines accarding to GOST [All-Union State Stapdard] 491-55, which are pressnt-
ed in Fig. 2.

The distrimtion of cylinder wear as a result of extended operation of
engines in motar vehicles, regardlsss of the gresatsr absolute value of wear,
is btroader than the distribution during test stand tests because of the addi-
tional effects of a large numbar of cperating factors, Thus, according to
statistlical data, normal scatter in maximum cylinder wear in various engines
Guring service in motor vshicles reachss ratics of 1 1 3, and in a single
engine 1s within limits of 1 : 1.2 to 11 1.8, It has been esiablished that
the distribution of sexrvice 1ives of GAZ-21 engines befare major ovarhaul liss
within limits of 1 1 1.8 to 1 ¢+ 2.2, and that of engines having undergone
major overhaul reaches 1 1 3.64. The unevenness of wear in tractor engines is
no less significant., According to data of ths Odesza Ressarch Statiom of
RATI [State All-Union Scientific Research Institute of Tractors] in 1950, the
ancunts of maximum cylinder sieeve wear varisd sver limits of 1i1.2 to i1i.8.

Resulis of statistical treatzment of parxts wear measurements in GAZ ard
2¥Z engines afier extended cperation of motar vehicles which confirm and sup-
plement thess deta are presented in Fig, 3.
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flathsad GAZ engizes, and by sources of c7linder sleeve defarmation in ZM2
esginesy laperfections in pistem ring mamfacturing technology. ir which nm-
clearsnce fit against the working surfaces of cylinders is not assured; pro-
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highly unstatle; and a nusber of othar facters.
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g) defarmaticn due to wear, .

For 1llustration, Fiz, 4 contains distribution graphs of initiai micro-
geometriss of parts going into assembly of GAZ and ZM¥Z engines, and Fig. 5
shows the distribution of gecmetric parameters of some parts upon completion
of final uachining and hoat treatment procssass.

All thsse and similar examples are critsris for the state of the art in
Froduction, and designers and technicians =nst bsgin from thess origiral dsta
when working on engine guslity. Undersvaluation of the key role of thesa ini-
tial parameters, lack of thorough study of their effect on subssquent




performance capability of perts, the absence of proper organizaticn of research
work, and the lack of scientific foundations behind the necessity of intro-
ducing certain measures into production in order to solve this problem are
basic reasons for the insufficiently high quality of engines produced.

bnpaﬂee 60 80 100 120 140TBIC.KM

Fig. 3. Distribution of Engine Life During Operation of Motor Vehicles
in the Central Region of the USSR
1. GAZ-513; 2. GAZ-420; 3. GAZ-21

Keys a) frequency; b) service life; =) thousand km

Undersvaluation by menagers of enterprises perforuing investigative and
research tasks and misunderstanding of the guiding role of plant laboratories
in determining ithe guality cf products have arisen in many cases. Beslde this,
objective criteris and methods for evaluating product quality are often
lacking.

In recent years, important advances have been made in this direction,
assisted in many respects by the KANARSPI system., The name of this system is
an acronym of the slogan: "Quality, relicbiiity, and engine life from the
E first products.”™ The system is a set of sclentific, engineeri;g, and organ-
. izational measures encompassing the stages of planning, production, and oper-
= ation of products and ensuring their high quality beginning with the first
= industrial prototypes.

= The basic characteristic features of this system include the early
design and enginesring developrant of the products, all possible eventuali-
E ties of scisatific research directed toward increasing their reliability,
coordination of tasks and creative collaboration of the fundamental plant
laboratory vork with scientific research institutes, the development of
control and research laboratories, the devising of objective methods for
evaluating quality of products, development of methodologles for accelerated
test stand testing for 1life of certain subunits and products as a whole, and
perfection of methodologles for service 1ife testing.

These and & number of other features of the KANARSPI system are guaran-
tees of high product quality. A characteristic example of the use of the
KANARSFP] system in engine production at the Gorki Motor Vehicle Plant is
the systematic laboratory quality control in parts manufacturing, and, on the
s basis of this control, the organization of research into the possibility of
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Fig. 4. Distritution of Initial Microgeometries of Parts for GAZ and ZMZ
Engine Production

Keys a) frequency b) cylinder wall c¢) piston skirt d) inside face
of Ting e) outside face of ring f) piston groove g) wrist pin

h) piston boss 13 rol bushing 3) ceanksheft main journal ¥) main
bearing insert 1) crankshaft connecting rod journal =) comnecting
rod bearing insert n) camshaft journal o) camshaft btushing p) valve
sten q) valve guide r) tappet rod s) tappst guide t) tappst plate
u) cam v) microgeometry index Ra, microms
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Pig. 5. DMstribution of Initisl Errors in the Shapes of parts, in the Pro-
duction of GAZ and ZM7 Enginess

a) cylinder walls b) crarkshaft jcurnels c) camsheft main journals
d) deviation in shape, microns

ovality, ---- conicity, -s-« degres of saddle shape

increasing engine quality. Thus, in the prucess of extended obsexvation of
final machining operations on crankshaft ssin and connecting rod journals by
means of sultiple measurements of shape exror, the distribution of this para-
reter was found and is presented in Figz, 5.

These diagrams show that most of tha journals are manufactured with a
deviation from the cyiindrical shape of up to 0.006 mr, with a tolerance for
this peranmeter, set by GOST 4669-%%, of 0.01 wa. However, a significant num-

ber of journals have been manufactured at the upper limit of nonclrcular cross-
szcticn.

Meanwhils, in the mapufaciure of crznkshaft journals, sharp "prassures”
along the edges of the working zurfacses of the bearing inserts were observed
at the upper 1imit of this tolerance, as & result of which premature chipping
of the working coating was rzomoted., Special tests established that the opti-
num tolerance for ovality, comicity, and concavity of journals with respect
to running-in of fit should be maintained within 0.006 mm. With this, the

service 1life of ths fiited assembly increases by 50 to 80% and, in addition,
the journal wear raie is more stabls,

A typical example of a combined design and engineering sciution to the
probler of increasing engine 1life in CAZ-51 ongines and their modifications
is the modernization of the cramkshaft in these engines by changing the direc-
tions of oil rassages. On the basis of mumercus investigaiions conducted
under the diresction of A, A. Kuz'ain, it wae established that the many cases
of premature wear in the second and fifin connecting rodi journals which
occurred under operational condiiions of these engines were the resuli of

insufficient lubrication due to the incorrect choice of 0il passage angle of
inciinstion.

Dasign changes made on the basis of these investigations, and assimila-
tion of the modified zrankshaft into the production scheme totally eliminated
premature wear in the second and fifth connecting rod journals.
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Such cozbined work of researchers, designers, and technicians on decreas-
ing deformation of cylinders in certain models of flathead 6-cylinder GAZ
engines is typical of the KANARSPL system. The deformations up to 0.05 -
0.06 mm which occurred earlier in new engines, with a iolerance for out-of-
round cylinder shape of 0.025 mm, were reduced by more than 30% by introduc-
ing artificial aging of the stock in the production process.

Also, this work was preceded by research on causes of cylinder deforza-
tion, which revealed the redistribution of residual internal stresses in
stock during machining and even engline assexbly.

A coxbined design-engineering solution was also found in the area of con-
trolling the pore number density and depth of the porous layer on chrozed
compression piston rings (this improved running-in and reduced the probability
of the appearance of cylinder scoring); also, in the area of preventing tap-
pet head scoring by means c¢f the introduction of hot parkerizing; and in the
area of iamprovi.g the running-ir of engine parts by using DF-1i additive to
the break-in oil, etc.

A

i
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= The KAIIARSPI system also was a stimulus for developing objective methods
for evaluating the technical conGition of engines according to a set of para-
= meters -~- 03l burning and gas leaknge; the evaluation of engine break-in

= according to the reduction in mecmanical power loss and stabilization of the
= rate of crankshaft revolution in the presence of a mestering plate; and
evaluaticn of the effectiveness of measures directed toward increasing engine
life, by developing methodology for accelerated testing. All these and a
number of other questions touching on the problem of increasing motar vehicle
engine life are 1lluminated in the following chapters of this work,

ST T
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In conclusion, it should bs ncted that the KANARSPI system, introduced
in a number of enterprises in the city of Gorki and its surrounding ares,
has fully justified itself, Due to this system, the service life before
major overheul of "Volga"™ automobiles was increased from 120,000 to 200,000
km, and the 1life of GAZ engines was increassd from 120,000 to 160,000 vehicle
km at the Gorki HMotor Vehicle Plant.

I l
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n

The "Dvigatel® Revolyutsii” [“Engine of the Revolutica™] Plant increased
the engine 1life of 6436/45 diesels by 50%, increased that of 423/1 diesels
from 15,000 to 20,000 hr, and increassd that of 10GK gasoline motor compres-
sors from 30,000 to 50,000 hr. The KAHARSPI system his had no less an effect
upon introduction at the "Krasncye Sormovo™ Plant, at the Gorkli Television
Plant imeni Lenin, and at other enterprises.

s A

Terminology and Classification of Wear in Motor Vehicle Engines

il i Rl WA BARL LA ekt

A review of terminology facilitating the interpretation of various phe-
nomens, parameters and values usualiy precedes the estabiishment of classifi-
cations and the analysis of criteria of understanding of a problem. It
should not be supposed that terminology will solve or decide the cutcoms of
the problea to any significeat degree. However, different interpretations of
terminology and definitions sometimes lead to confusion when they ars used,
thersby complicating solution of certain problems., Terminology in the area

-

;:\ ‘J““}J" i i "“

AT et

" M‘Ii‘wl‘ "p i Q: ‘;‘
i

o e



of reliability and product life is developed to a much greater degree in the
radio electronic industry,

The results of this work were made the basis of State Standard 13377-67,
“Engineering Reliability,” which established the basic concepts and terms in
the area of procuct reliability.

In accardance with this standard, the most common concepts character-
1zing machine quality, and in particular engine quality, are performance
capability and reliability. Performance capability specifies the state of an
engine at which it can perform given functions with parameters esizblished by
the requirements of the technical documentation.

= Perfarmance capability is signified by operating indices and 1limits of

= their change allows.ble in operation, It is governed by wear resistance and
durability in parts and subassemblies of the engine, the stability of adjust-
ments and heat conditions, etc., as well as by zero-defect design, engineer-
ing, and manufacture, Reliability 1is understood to mean the propexrty of the
engine to perform given functions while mpinteining its operationzl indices
within established limits over a required time period or required running

time period. Reliability of any product, and in particular of & motor vehicle
engine, is characterized by f¥eedom from failure, repairability, preserva-
bility, and long 1ifs, Therefore, long life is an element of the more general
concept of reliability and manifests the ability of the engins to maintaln its
performance capability up to the terminel state, with necessary interruptions
for technical service and repairs.,

i

[t

The terminal state is in turn characterized by the limiting values of
E- wear, clearances, power, fuel consumption, oll burning, and blow-by of gases,
= It is determined in general by either e limiting decresase in efficiency or by
= safety requiremsnte, and often by economic expediency. In this cases, the

= question is that of optimum engine 1ife. The most lmpo~tant index of life i
ig useful life or so-called runring time of the engine 1p to the terminal

= state, which is specified in the technical documentation. This index is

= cailed the "reserve™, or when the discussion 18 based c¢n the calendar dura-
tion of operation, the service life of the engine. Tho “"ressrve” before first
overhaul, between-overhaul "reserve”, average "reserve”, intended "reserve”,
gaxna~% "reserve” and so forth are different, and for speciai conditions of
stand or road testing there may be a specially defined "reserve". Tne basic
statistical indices of the life of machine elerents in this concept are the
average "reserve”, which characterizes the running 1ifeo of a product up to
1ts terminal state, and the gaama~? "reserve"3, which represents the 1ife of
a selected percentage {gamma %) of the products.

ot

The task of machine manufaciuring in “he area of increasing the life E
time boils down to the necessity for increasing the average running life of
the product, i.e., increasing the level of the running 1ife and garma-% run-
ning 1ife, which increases the running tize before sarly failures and reduces
the numbar of ssme., A reduction of the scatter in the running lives is 2lso
needed, along with better matching of the average running lives of the more

3 [Translator's note: Hereinafter, the narrowly-defined word “reserve” will
be translated "running life”.]
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critical parts, subassemblies, and assemblies of the machines, Stvdy of ques-
= tions of long life in products, including motor vehicle engines, is primarily
__ . baged on research into parts wear and on development of methods for reducing it.

This area of knowledge dealing with lifetimes contains a whole range of
- . special terams and definitions which are not present in GOST 13377-67. The
majority of them are commonly known, but many authars assign different meanings
= to them. In comnection with this, Table 1 presents the most important terms
= and definitions ussd in the following chapters of this work. The terms and
definitions pressnted in Table 1, for sxample, initisl, operational, premature,
B and tersinal wear of parts, and also wear and tear, rate of wear and tear, and
others, depend on the effect of many factors, which can be troken dowm inte
= three main categoriess desicn, engineering, and uss factors.

—— |
AR R

These factars in essence define the magnitude and character of wear, whose
classification promotes the development of measures increasing the life time of
notor vehicle engines.

D

Such a classification can be subdivided with respect to periods and types
of wear, It has been accepted in the literature to consider thres periods of
wears initial wear or running~in; settled wear, corresponding to the pex-
iod of normal operation; and catastrophic wear, characterizing rapid loass of
performance capabiiity.

Table 1
Term Definition and Characteristic

il

Initlal wear or running-in Change in parts condition, as & result of which

of parts the preparation of the engine to absorb opera-
tional loads is effecied. This is achieved by
using assigned methods and conditions for

breaking the engine in.

Running~in capability The capacity of engins parts to be run in with-

of parts out the appearance of scoring, seizing, deforma-
tions, and other phenomens which cause defects,
failure, and premature wear,

Opsrational wear of perts The result of the destruction process of a
part's surfacs caused by mechanical & heat loads,
corrosion, and other factors; accompanied by a
loss of weight, usually & distortion in shaps,
and sometimes by a change in the condition of
ratsl surface coatings

Wear and tear ca parts The process of constant change in parts parame-
ters with a loss of weight and usually wiih
- distortion in chape. It is brought on by the
sffect of causes 1listed in the definition of
the preceding term.
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Table 1, cont.

Tern
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Rate of wear and tear
on parts

R

iR

Prematurs parts wear

Terminal parts wear

il
R
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il

Wear resistance of parts

Durabdility of parts

ity H'lffil i u'-.”l‘l\.'»‘ it sl

Enduranca of parts

|

il g (e Ll

Deformation of parts

‘i
il
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Definition and Characteristic

The increase in wear per unit time. When ex-
pressing the duration of service by the ser-
vice 1ife of a motor vehicle, the term “wear
and tear intensity” is used. The instantane-
ocus rate of wear and tear is equal to the

first derivative of the wear with respsct to
time.

The result of the destruction process of parts
surfaces during the running-in or initial
operating periods, characterized by a weight
loss of a degree nornally associated with oldex
engines, It usually arises as a result of
seizing and scoring of the friction surfaces,
extreme deformation, and other similar causes.

The maximum value of wear of parts or clear-
ances in their fits, above which the further
operation of the engine is impossible or inad-
visable., It is also characterized indirectly
by a 1imiting rise in oil burning, etc,

The capacity of a part to resist wear and tear
under defined conditions and within set limits.
It is characterized by properties of the mater-

ial, the design of the part, and the technology
of its manufacture.

The capacity of parts to resist all types of
destruction or changes in form under the effect
of loads and environments under sst conditions
and within set limits, High durability ensures
engine operation without btreakdown and without
haraful results of wear, corrosion, etc.

Capaclity of engine parts to resist destruction
under the effect of multiple repstitive load-

ing. "Fatigue strength™ of parts is a synony-
mnous term.

The process of changing the parameters and
shaps of a part without & loss in the weight,
caused by the action of mechanical end heat
loads, It is determined by properties of the

part, and by techniques and conditions of the
engine'’s use,

Research in recent years, including ressarch by the author of this work,
forme a baels for more detalled and clear demarcation of the pariods of wear

T



in motor vehicle englnes.

R

In particular, it is expedient to classify the first stage of wear as
the period of full running-in, afier which the micro- and macrogeometric
running-in of the parts' friction surfacss are effected, and the indices of
mechanical power loss and effective power, as well as such parameters as spe-
cific fuel consumption, oll burning, and blow-by of gases through the piston
rings are relatively stabilized., Upcn the completion of full running-in,
the engine can be considered ready to accept operational loads. The duration
of this period is on the average 60 - 80 hours of engine stand testing under
loads according to the conditions of GOST 491-55, which corresponds to 2500 -
3500 km of vehicle serwice. For the majority of modern motor vehlcle engines,
full tresk-in corresponds in time to approximately 1.5% to 2.5% of the total
= period of operation before major overhaul. According to the proposed classi-
= fication, full break-in is divided into initial and concluding pericds. The
2 initial period occupies a time period of from 20 min to 3 - 5 hr, depending on
conditions and methods of the engine break-in and also on the engineering
: sophistication of the production process and sige of the motor vehicle enter-
E priss. The preliminary cutting, evening, and smocthing of roughnesses on the
contacting macroprojections of the friction surfaces of parts tskes place

during this period, and in this way, the area of their actual contact increases
somewhat,

TSl
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In the initial running-in period under favorable conditions, a sharp
lowering of the specific pressure in the parts of the cylinder-piston
assembly, a decrease in mechanical power loss, and a lower probability of
subssquent appearance of sources of scoring on the operating surfaces are
observed, Quite frequently in the process of initial running in, particles
of metal and abrasive which are products of initial wear remaining following
rmechanical machining participate in the friction between the parts., These
particles are incorporated in the working surfaces of the parts, and leave
scratches and grooves in the fitted surfaces. Particles of chromium which

are sheared off in the initial stage of running in of porous-chromed cylinder
rings are particularly hazardous and numerocus.

LT s LSt

This stage of running-in is carried out as 3 rule on test stands and not
under conditions of service. Special care *s called for since very serious
stresses on the friction surfaces of the parts can arise as a result of high
specific pressures and high local temperatures, accozpanied by insufficient
lubrication. The local attack on the friction pairs in this case takes the
form of chipring, smoothing, and shearing off of the surface unsvennesses,
over a very large arsa, The dislocation of these wearproducts causes surface
damage, The pranence of high local temperaturss brings about plastic flow
of the surface layers of the metal, and when the o0il film is broken, scoring
and seizing of the surfaces are promoted, This is what makes the initial
period of running-in very important. Many researchers have hypothesized that
this is the place to act to bring about subsequent wear resistance of the
paris and long engine 1ife,

il
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Such a view, however, should bs considered immoderate, since there is no
set of conditions of running-in nor is there a type of break-in oil, as
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research has shown, which can btring about incressed resistance of friction
surfaces to wear to any siznificant degree in zuch a short time, with the
exception of cases where scoring has occurred in the initial running-in., The
only measurespossible in this area are weans of preveuting grooves and scoring

and other surface damage, and those shortening the length of the period of
initial running-in,

In the second period -- the period of complesiion of running-in -- the
possibility of influencing the subssquent wear-resistance and 1ife seexs to
be somewhat greater. In this period the very intensive processes of redis-
tribution of residual stresses in the cylinder block and other parts, and the
gradual evenirgoff of microirregularities in the shape of the friction
surfaces occur, and their optimal microgeoretry is established, and relative
stabilization of the clearances in friction pairs comes about. The intensity
at which all thess processes occur is controlled by the operating conditions
of the engine and the type and quality of the oils and additives used, and
it also depends upon the type of metallic coverings used for rumning-in, the
chemical treatment of the friction surfaces, and a number of other techniques.

This period of running-in occurs during carvice, but under roduced veloclty and
load conditions.

In the pericd of the completion stage of running-in, the variocus forzs
of initial wear are clearly manifested. A third period, called the period
of settled wear by most authors, is not entirely appropriately named thus,
hence the instantanecus rate of wear and tear —— which is the most objective
criterion of the dynamics of the development of wear -- experiences small
chan_1 only for a certain period, after which it monotonically increases.
Accordingly, for classification of this third period, which ocught to be called
operational, it is preferable to subdivide it into periods of stable and
gradually increasing wear and tear.

Experience shuws that the psriod of stable wear and tear comprises onl,
7 - 10% of the -entire pariod of operation of the engine up to major overhaul,
It is characterized by relative constancy or negligibly small varistion of
all the basic indicatars, in particular the effective power, the mechanical
power loss, oil burning, blow-by of gases, etc,

The length of this period indicates the degree of perfeciion of the design,
manufacturing technology, and opsrational msthods of the engine, and serves
as an initial criterion far evaluating the subsequent life tizme,

The period of gradually increaaing wear and tear is the longest, ani by
natures characterizes the life {ime of the engine. The length of this period
is inversely proportiocnal to the growth of instantaneous wear and tear. The
iaportance of opsrating technique -- starting conditions, operating conditions,
timelinessof preventive maintenance, use of appropriate fuel and lubricants, etc,
shows up particularly here.

The final, fifth perlod of catasirophic, or progressive, wear is very brief
under conditions of correct operation. The onset of this stage indicates
that a major overhaul is necessary, since in many cases further operatlon of
the engine becones unprofitable, botn from the poirt of view of & loss in effi-
ciency with respsct to the operating parameters, and because of a sharp
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increase in o0il bturning, blow-by of gases, and, corsequently, increased
conditions of toxicity.

A1l the classifications of the psriods of wear and tear are deteramined by
the variation in the wear, instantaneous rete of wear and tear, the effoctive

power, the mechanical power loss, oil turning, blow-by of gases, and other
indices,

One can base a classification of the types or wear of automotive sngine
parts on the basic characteristics of the conditions of friction and lubrication.
Thase cha*acteristics reduce +o two basic types of frictlaon: contiguous
(semifluid) and fluid (hydrodynamic) friction. In contiguous friction,
characterized by the presence of a very thin covering layer of oil, no more
than o,1 =icrons, the resistance to moverent is determined by the value of
the moleculsr interaction of the friction pair. Contigucus friction arises
at low 8liding rates and high loads. These fitted assertlies operate under
such conditions: cylinder — uppsr piston ring, valve -~ valve guide busghing,
cam — valve tappet, and other frictiom pairs.

In fluid friction, which is characteristic for crankshaft bsarings, the
0il layer takes on a 1ifting capacity, which guarantees ths stabllity of the
friction process. The friction courss here is not deteramined by molecular
interaction forces, but by the viscosity of the lubricant., Fluid friction is
assured by the proper shape of ths part surfaces, sufficient slipping rate,
and relatively small loeds,

Despite such varlsd and severe . conditions relating to the friction and
lubtrication of parts, which are morecver intsnsified by the effect of a number
of design, enginearing, and use factors, rssearchers working on particular
types of machinss and reiying on the classifications of wear iypes proposed by
M. M, Khrushchov, I, V., Xragel*skiy, and B,I. Kostetskiy have in recent years
atteeptsd to devise & classification of wear in these machines, In this book.
in the main, ths classification of types of wear and tear of parts of auto-
notive enzines used is that proposed by M. K. Khrushchovand co-workers at his
school, In this classification, mechanical, molecular zechanical, and
corrosion-zechanical foras of wear and tear are differsntiated.

Abrasive wear, in this classification; may be considered a type of
mechanical wear and tear, in =ost cases of operation of parts linkages in
sutomotive service, Some authors helieve that this forz of wear is the dominant
fora of operational wear of cylinders, Under this concapt, products of wear
and other abrasive particles ust inevitably appsar betwsen the friction surfaces
of parts, and act together with contaminants in the 2ir or the lubwricant. These
hard particles plastically defarm one or both of the friction surfaces of the
parts, forming grooves of various depths and widths, secraiches, xr even troken-off
pieces. Investigations of atrasive wear on cylinders have been carrisd out by
K. R. Louis, S. Ys.¥Watson, H. F. Pochtarev, I. N. Velichkin, M. P, Zubietov,
and meny other specialists,

Ancther type of abtrasive wear and tear in fitted rarts of autormctive
engines takes place beside that one mentioned, when structural elements of
the material of one part of a fitted pair act abtrasively on the material of




the other. A typical exzapls is the abrasivs action of chromium particles from
porous chromed piston rings on the active cylinder surfaces.

Wear resulting from plastic deformation, in which, under the action of a
transaitted load, changes in the microgeomeiric dimensions of a pert without
loss of weight occur, is also regarded as meckanical wear and tear., The fregquent
deformations of cylinder sleeves, pistons, and rods are examples of precisely £
this form of wear, :

Wear arising as a result of fetigue stresses under the action of regularly
varying loads is alsc considered among the mechanical forms of wear and tear.
This form of wear, accorpanied by chipping of the active friction surfaces,
arises most ofisn on ~rankshaft bearing inserts.

Chipping is also ercountered on the active cylipndricsl surface of piston
rings, and shows vp in a variesty of forms of erosion degradations which are
unconnscted with fatigue rhenomena. The cause of the erosion of pision rings,
according to 4..S. Mikeladze, is the occurrence of severe wear under conditions
of boundary and even dry friction.

Some investigatcrs sxplain these pheponems by local seizing of the metal,
whils others fe=l that they arise from gas corrosion, but V. F. Yankevich
confiraed, on the basis »f a nusber of studies, that the cause of the ercsion
is the formatica of friasle "whiie" layers on the piston rings, as a result of

carburization of the metal of the rings unier imperfect comtact_with the
cylinder surface,

il
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Thus, mechanical wsar and isar 1s characteristic of many parts of auto-
zotive engines.

T

Holecular mechanical weer and tear, the characteristic aigns of which are
scoring ard transfar of jarticlss of metal from one of the fitted surfaces to £
the other, arises vary often in fitted surfaces of parts of automotive engines.

i

i " I
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it is well known that molscular action incrsasss with increasing teaperatures
the degres of this interuction is influenced by the structurs ard, conseguently,
the hardneas of the me iis of the fitted parts. The occoring which occurs in the
cylindera of automobliie ungines at the friction surfzces is oftsn the conse-~
quence of the breaking o the zil film ant of moleculsr seizing, judsing from
the iridescent tarnish which accompaniss 31, This focre of wear can be can-
siderad among the molscuisr mschanical Toraas 5° wear and tear, in our slass-
ification. However, in ths classification yroposed by M. M. Khrushchev, the
infiuence of th» temperstuve factor is not considersd, and in the cass given
it is entirely approprists to designate thisform of wazr and tear as whet B, I.
5 Kostetskly called hest wesar aor ssising wear of the second (II) kind.

,u‘ R 4||1‘1 il m“ I
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- dctuslly, in the ssvore friction conditions, aggravated by varicus defors-
: ations, in cylinders anda piston rings the tempsraturs in the upper zonss may
exceed the critical temprrature of ordinary mineral oils, which is equal to

220° C, Above this tempurature, such olls lose their useful properiies, and

no longer reduce the molscular irteraction of the fitted surfaces of the

parts, Somes authors are of the spinicn that mstallic seizing of the material

AP PR
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of cylinders and picton rings is %he basic factor deterzining the degrss of
cylinder wear. In order to increases plastic doforsation, which ensbles seiz-
ing, it is reccumended to choose alloys which have increased resistance to
this phenonema, or to apply surface coatings which prevent seizing, The scar-
ing of valve sters and valve guide bushings as well as of tappet heads
and cams on the camshaft, which aye often seen in examinations of enginese, can
al80 be classified as manifestations of {ypical fares of moleculsar mechanical
wear and tear, which basically coincide with what B. I. Kostetskiy called
seizing wear of the first (I) kind,

Evidences of corrosion which arise on ths cylindsr walls, in particular
in cold starting of engines, and alsc as a result of the action of combustion
rroducts of the fuel, are typical instences of the corrosion-mechanical form
of wear and tmo

The theory of corrosion wear of cylinders which wes Proposed by G, Rikexdo
in 1933 was later oxpanded on and made more precise by K. Williams, A, Taub and
other scientists. According to the current concopt, corrosion wear in engine
cylinders is caused by chemical or elsctrochemical Trocesses,

Chemical, or so-called gas carrosion arisss through the action of sulfur
dioxide, oxygen, and oxygen compounds on the metal under conditions of high
temperature. The essence of this type of corrosion 1ies in the Iresence in the
medium of a compressed mixture of variocus acids — anong thea formic, acstic,
nitric, and carbonic, under conditions of high temperature; as well as aldshydes

and other oxygen-containing compounds, carbon dioxide, sulpher dioxide, and
water vapor,

These acids corrode the metal and the carrosion prodacts are converted into
friction compounds; t{hus, the wear acguiras =n abrasive charscter., Rlasciro-
chemical, or acid, corrosion is a consequence of the action on the aetal of
electrolytes of sulfuric, carbonic, and other acids at lowsr tasnperaturss,
Coming into contact with the warking surfaces of the cylinders, these acids
destroy the structure of the surface coating, and the corrosion film formed
on the surface is contimiocusly removed by the piston Tinga, incrsasing the
intensity ¢f woar,

Electrochemical corrosion occures to a still greatar Gegree when fuels with
swifur content are used, Far enginss which oparate vnder varying conditions of
speed and load, the content of sulfur in the fuel should not excesd 0.2 to
0.8, A limiting value of under 0,15 should bo aimsd at.

The theary of the predominant infinence of corrosion on ths wear of

cylinders of automobile engines is advocated by many domestic and foreign
investigators,

Some of these have remarked that corrosim wear and tear is charactsristic
not only for cylinder walls and piston Trings tut also for other friction sur
faces, szong thes crankshaft beaxings. Howsver, other investigators, ir par-
ticular L, Dem'yanov, while confirming the increass in wear intensity when
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thermal conditions in the engine have decrasased, explain this relation nct

through corrosion phenoneas tut by a change in the propartias of lutrication
and ths friction surfaces.

The woerk of I. H. Lenin, I. Ya. Raykov, I. I. Sidorin, and I. L. Zubarev,
which deterzine the effect of the flow of hot fuel mixture on wsar of cylinder
walls, forzed the connscting link betwaen the “corrcsion”, "atxrasive”, and
"molecular® thaoriss of wear as explaratioms Tor the unevenness > wear dis-
tritation circumferentialiy and the development of "peak wear™,

There are many other investigators who have confirmed the predosinance of
either carrosion or abrasive wear of cylinders acd piston rings; as well as
wear by seiging, However it is expected that each of these foras of wear can
occur rredominantly or concomitantly, depending on the conditions of usze
of the actor vehicle, Therefore the contradictions betweer the adherentsz of
the various theories of the origination of the types of wsar sre not fundamental,

In general, it should be noted that the currently used methodology of
Classifying types of wear into predominant and concomitant is very con-
vanient for analysis of phencmena of wear and tear of samples xade of varicus
sateriais av varisus speeds and loads, but not in internal combustion sngines,
It happens that the extreasly rapid change in the operating corditions of
perts under the unsteady operating regimes which prevail causes such a frequent
change of tho conditions which lead to one or another typs of wear that there

is no oppertunity io meke the distinction bestwssn predominant and corcoritant
forzs,

In comnection with this, the developrment of various measures to increass the
1ife of engines is possible only by considsring the variocus foras of wsar sep-
arately, and completely covering all thres basic formss mechanical, molecular-
zechanical, and corrosion-mechanical wear and iear.

Life of Various Autcastive Engine Hodels

Life of an engine is detarmined by the extent to which it pressrves its
working capacity up to the terzinal state — with the necessary interruptions
foar technical servicing and repsir, The stastical index of engina life is the
average rumning tizme up to the first major overhanl, In this overhapl the
basic grmps of psris are treated accomdiri 1o an estsblished scheze of over-
han] parazeters; In particular; the cylinders of the engine block are boarsd
out ard honed, the crark pins &re rsground, and new bearing inserts are installed,
On the whole, the ccncept of life time is governed either by 2 1lixiting decrease
in sfficlency cr by requirements cf safety and economy.

The optimal iimits of operation of wvariocus modsls of engines still camnot
be considered to have been sstablished; coasequently, the anmal lcsses on the
national scale are sstimated in the millions of rubles.

These losses are nainly the result of insafficiently otjective evalvati
of the terminal technological state of the engine, shereuprsn ths lziter is
sext to major overhaul without urgesnt necessity,
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In practics, the need for major overhaul of an engine is usualiy based on
a drop in power, an increase in the rate of fueli and oil consvaption, smoking,
an increzse made in tns noiss by fitted parts, drop in oil pressure, etc,

At the same time, the power of an engine fzlls a smell amount along with
wear, sometimes the fual consumption does not increase, sn increase in the rate
of oil consumption is possible due to leaks in the cranksage seals ani gaskets,
and o1l preszure msy drop as a resull of wear on pexis of the oll pump,.

There sre litersture data to the effect that, following 100,00C km of
ssrvice of & motor vehicle, the poxer of the engine may be reduced by ¥
overall, and the rate of oil consumption may be roduced by 7% ar more by the
reaocval of scale from the gapa in the pistom rings. This is evidence that
major overhaul of the engine is not necessary.

s,
i

s g Lol

£11 the above are primary factors which complicate generalization and sta-
tistical <{reatment cf the information z2bovt 1ife times of angines,

BB

Enother factor is the sextreme scatter in tha amounts of weur, rct only in
various models of engines, but even in sngines of the zams model or ia duplicate
raris on the same engine,

L W
AL

Thus, the comparison of 1ifs times of various moucle of Soviel autceobils
ergines is a complex Iroblems and it is particularly hard to coaparo this sta-
tistic with that for fareign rmotor vshicle engines, This difficulty is ex-
plained by the extreme varistion in conditions of use., The latier 1a described
ir the ilterature, and reduces ito the following:

R T

b

1. Most countries have relatively more favorable and leas variabls climatic
conditions, as well as road surface conditions. Europs ani areas of the USA
have a favoratie effect on the life time of foreign motor vehicle englnes,
Predoainance of cold climate in cur country over warm (in a ratio: of 84:16L)
promctes more intense corrosion wear of cylinders, to s significant degree, and
the absence of good roads and the dustinoss of the surrounding 2ir favor the
growzh of altrasive year of basic paris and Titied assemblies,

2. Ths rather high intensity of operation of motor vehicle fleels in the
USSR in comparison with fleets in foreign countrias also lowers the life time
of Scviet engines, hesnce the freguent changes of lcads and xpa
rromote increassd irear of perts associatsd with the cylindsr and piston, snd
degradetion of besrings and other parte.

3. The not always satisfactxy quailty of paterinls used, the insufficiently
wide application of specialized and multifuncilonal additives to the oil,
the low quality of overhanl work, and the untimeliness of preventive main-
tsnance algo shorten the sarvice time of dcazastic motor vehicle engines in com-
parison with forsign cnes.
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In short, the conditions of ssrvice of motor vehisle sngines govern to a
large dagree the appearance of various types of wesr.

Hhteb

Comperisons scmetimes sncountered in literature which favor foreign models
in their engine 1ife are not always completely objective, since thay omit the
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conditions of service of the motor vehicle., In this regard, the experiencs of
utiligation of foreign motor vehicles on our territory in the Second World

War was very telling; the engines displaycd very low life times. Thus, Stude-
baker automobile engines required major overhaul after a service life of
40,-50,000 kn, Chevrolet -- after 10,-2(,000 km, Willys -- after 10,-12,000 km,
etc, There are also data on the results of use of automobiles of various brand
names in different regions of the USSR in 1955-1959. Thus, "Herculaes” engines
on "Diamond" automobiles had a period of survice before major overhiul of

125,000 km, “MAK™ engines -- about 135,000 km and " Tetrn 11i“ -- between
50,000 and 60,000 k=, stc,

Comparative road tests, carried out on a limitsd scale, of certain mcdels
of foreign and domestic engines typically have held them to have comparable
engine lives; this applies even more with respsct to dlezel engines,

A number of methods are used to evaluate engine wear and engins 1ife; these
are described in detail in Chapter II of this book. Complex data on the amount
of o0il burning and the blow-by of gase: are considered the most objective
indicators, under conditions of vehicle use; also the rate, or average rate, of

wear and tear (specific wear) which 1init the life of parts and, chiefly,
¢ylinders,

The rate of wear and tear of the cylinders in an engine varies devending
on the type and design of the motor vehicle in which the engine is ins.alled.
It varies markedly under the influence of operating conditions and also time of

operation. Consequently, the evaluation of life time is sometimes accampanied
by large errors.

Indeed, accirding to previously published data, ZIS-5 engines on 2ZIS-5/8
buses, operating on highway routes, had a specific cylinder wear of 13.8-14.7
microns/1000 km, and in oporation under urban conditions, 18-34.8 microns/1000 km,
while the rate of wear and tear of engines on the identical type ol vehiclee
during long trips was 6-8 microns/1000 .

Specific wear of cylinders of ZIL-120-124 engines insta’led on ZIL-13G,
-151, -155, =156, =585 and other vehicles, used on short trips, was 7,1-7.4
microns/1000 km and in operation of the engines on buses over long nonstop runs,
it did not exceed 3.4-9 microns/1000 Im. An analogous 2xample may be given for
GAZ-51 engines used on identical types of automobiles under varying conditions.
When they were used in highway transpmt, the rate of wear and tear of the
cylinders was 1,1-1.2 microns/1000 kms under urban conditions, it was 3.3-4.1
microns/1000 km; under road tests, 3-3.5 microns/ 1000 km; in
road tests under ssvere condiiions over several acntha 8-9 nicrons/ 1000 knmy
and under relatively Tavorable conditions of use over a period of service of
30-50 x103 km, 1.5-4 microns/1000 km.

The variation of rate of wear and tear of cylinders of engines of different
periods of vehicle service sven under identical sarvice conditions has its indivia-
ual peculiarities. Thus, for cylinders of GAZ-4-20 engines, there wes character-
istically & rise in the rate of wear and tear during a aservice mileage of up to
100,000 kn, followsd by sozewhat of a decrease., In GAZ-21 engines it tends to de-
craage continuously with running time until the period of terminal wearj however,
not in a rsgular way, sincs not only is engine design a factor but also
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All of this is evidence that estimation of engine life from the rate of parts
wear 1s an approximation, and it is a complex matter to generalise about
the sometimes contradictory information on this question.

R. V. Kugel®' studied a large number of Soviet and foreign data and estab-
lished the following average values of rate of wear and tear of cylinders
of contemporary motor vehicle engines when operating instructions are observed:
freight trucks, used on long daily runs under favorable thermal conditions -~
3-4 microns/ 100 (sic] km; under varying conditions, primarily fairly short
average daily runs -- 4-6 microns/1000 km; and on short trips with frequent
stcps ana unfavorsble thermal conditions —- 6-8 microns/1000 km. Autcmobiles
with saall displacement have an average zats of wear and tear of 4-7 nicron/lOOO
kmj with medium displacement, 4-5-5,5 microns/100C km; and with large displacement
around 3 microns/1000 km,

The rate of wear and tear of carbureted engines used on motor vehicles under
urvan conditions with frequent stopping and uneven operating conditions lies in
the 1limits of 3-5 microns/1000 km; that of cylinders of diesels under the dame
conditions in the limits of 2-3 aicrons/looo km. For the latter, when used for
long runs with infreguent stopping, the rate of woar and tear is 1,5-3 mic'rons/
1000 k=,

In this the author has taken as the terminal value of wear of cylinders in
engines of trucks and buses 300 microns, and for sutomobile engines
with small, medium, and large displacement 250, 300, and 400 microns, respective-
ly. The data presentsd, despite their tentative character, are of great value
fran the point of view of the possibility of using them to compare types of wear
and tear of oylinders of various engines, including obsolete engines, those
becoming obsolete, and models which &re relatively in the design stage.

Values of the average rate of wear and tesr of cylinders and other parts
of a nuaber of models of engines, based on relatively favorable conditions of
use in the interval 30,-50,000 km of service life of motor vehicles, generalized
from our data and the literature sources, are pressnted in Tabls 2, Data on
relatively new models of engines cannci be presented, since the present coarrelations
are possiltle oaly w#ith rewsults of the cpesraticn of © large number of vehicles
OVer BANY YOAYSs.

Because of the exirasmely wide scatier in the absolute and spascific values
of wear, the dsta of this tuble and of those following are approximate,

The rate of wear of 4-cylinrder flathead GAZ engines was lower than that
of 6-cylinder GAZ-51 ard GAZ-63 engines installed in freight 7ahicles., Briefly,
this can be explained by a lower tendency to deformation in the 4-cylinder blocks,
a somexhat grester uniformity in their temperaturs fields and in distribution of
011 among the cylinders, the fsct tnat the connecting rods in GAZ-69 ad UAZ-450
engines are symmetrical, more rigid crankshafis with dirt traps, and operating
concitions which were more ecomomical from tho standpoint of sngine life,

The least rate of wear and tear in engine cylinders occurred in GAZ-21,
Drimarily as a result of the relatively short stroke of this aodel, and the
use of wet type cylinder slesves, which have a more sven tezperature field
around the circuaference.,
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Table 2,

TaGanua 2

{c. |

Tu3ma-
467

{
3%.1 120 {3i4.71-124
31A-161 |3KJ1-158

5
I A3-51 | FA3-69
! FA363 ]y,\3-450

& Toum ua-
Heca
MEMT000 £ u

FA3-21

h Lhannnpa 1,5—4,()%! '2—'1,5!1,0—3,0 5,0—-5,5 13,2-3,5 {2,0-3,0
» Depxnee  3,0-7,0°3,0~7,012,6—6,0:10,0—13,0,7,0—-12,0i1,0-3,0

Koauo 1o
Toantune

_ Bepxuee 1,0—2,00,2-0,50,2-0,4] 1,0—2,0 {1,0-2,0 :0,2—0,8
ROJLIO HO
BHICVIC

K Bepxnaa  10,5—1,00,5--1,0.1,0—2,6} 1,0—2,0 |1,0—2,0 {6,5~0,8
KAHGHRA 110
BLIOTC

¢ Kupensaa 10,5—2,00,5~—1,56,3-0,8! 0,5—4,0 {0,5—4,0 {0,2—-0,5
weitka Kes
ACHUATOFO
8aaa

~ [Hatyuuas |1,0-3,0.0,5~2,00,2—-0,5; 1,0-5,0 |1,0—6,0 0,7—1,0
weiika Ko- ’
ACHYAIOTO
B3

a, Rate of wear, microns/1000 km; b, GAZ-51, GAZ-63; c, GAZ-£9, UAZ-450; 4,
GAZ-21; e, 2I1.~120, ZIL-164; f, ZIL-124, 211-158; g, HZMA-407; h, Cylinders;
i, Upper rinz, thickness; j, Upper ring, height; k, Upper piston groove, heizhij
1, Crankshaft main journal; m, Crankpin.

The tendency of these sleeves to deform substantially acts against any
substantial lowering of wear of the cylinder rings, and even promotes aome
increase in ti:e rate of wear and tesar of cylinder grooves,

The cast steel crankshafts of GAZ-21 engines with spaces in the crankpins
for catching wear products and with crankpins having propitiously chosen
diameters ensure & low rate of wear and tear of ths crankpins, even lower ithsan
rormal in comparison with the main journals.,

In comparison of parts of ZIL engines, a somewhat lower rate of wear and
tear of cylinders and radial wear of piston rings is noted on ZIL-124 and
ZIL-228 models installed on buses, in comparisca with the truck
models  ZIL~120 and ZIL-16%. This is because the operating conditions an

buses are more favorable, particularly wher making lo.og trips on quality high-
ways,

The rate of wear and tear of the basic parts of the MIMA-407 engine is oui-
standing among the sngine models presented in the Table scomparable to that of
the GAZ-21 engines ir the "Volga" vehicle,

The above data, which describe the rate of wear and tear of friction surfaces
which 1imit the service life of parts of variocus engine models ars not
sufficlent to completely describe sa2rvice lives., In order to make such an eval-
uation we need a syatematic relation vetween the tschnical and economic indices
of the engines, data on oill burning and blow-by of gases, maxisum allowable




i m b
AR P R

il

wear of parts and clearances and fitted assemblies’, and the limiting defcrmations

of the basic parts, At present we have only isolated data from service experi-

zents and the results of a number of theorstical
of these relationships; these are given in Table 3.

a.gd sxperimental invesiigations

Table 3,
GAL UAZ AL ZiL ZiL MZMA
o, [lpeacasune. napaserpy TA3-51 YA3-69 §A3- 9 311-120 | 3KT-124 M3MA407
AOATOBETHGCTH ra3-63 VA3-450 : 3164 | 3UT222 ’
b TlpoGer a0 I-ro xanuraasuoro pe- 80—100 80—100 | 130—170 80—120 120—160 70—100
MOHT3, THC. K&
< ¥rap macaa, 4/190 xu 1,0—1,2 0,6-0.8 0,5-0,7 1,3-1,5 1,3—-1,5 1| 0,2—-0,3
4 Mponyck rada, afMus 100110 75—80 120—130 | 120—130 | 120~130 -
€ WaHoC nuausapes, Ay 0,40—9,45 | 0,25—0,30 { 0,25—0,35 { 0,45-0,50 | 0,45—0,50 } 0,20—0,30
€. Hanee BEPIHHX Keaew no sucore, | 0,20-0,25 | 0,20-0,25{ 0,20—0,25 | 0,20—0,25 | 0,20-0,25 | 0,20-0,25
M .
1
Q HaHot KOpeHHMX WCEK KOIgHya- 0,15~0,2 | 0,15-0,20 { 0,15—0,22 —_ — —_
TOro s2xa, MK .
h Manoc marymsux meek kozemsa- | 0,22—0,25 | 0,22—0,25 | 0,10—0,20 | 0,22-0,25 0,220,251 0,15-0,18
| T0rO Ba23, XX .
| 3a30p UHAHHIP—NOPLIEHL, NA 0,4-05 0,305 0,3—0,4 0,3-0,5 0,3-0.,5 0,2—-0.3
3y 3a30p sepxuee coauo—sanazka, | 0,15-0,25 | 0,15—2,25 | 0,15—0,30 | 0,15--0,20 | 0,15—0,20 | 0,10—0,20
i
k 3230p rKozeHRaTHE Bai—NOi{u#n- 0,20--0,30 { 0,20-0,25 | 0,20—0,25 { 0,27—0,30 | 0,27—0,30 | 0,150,186
HRE, M¥

2, Limiting paraasters of engine life; b, Service mileage to 1st major overhaul;
¢, 011 burning, 1/1000 kmj d, Gas blow-by, 1./kin; e, -Cylinder wear, sm; f, Wear
of miin crankahafi journals, Em; b, Wear of crankpins, mm; i. Clearancs bstween
cyiinds¥ and piston,mm; j, Clcarance between upper ring axnd groove, mm§ k, Clear-
&nce betwoen crankshaft and bearing, mm;

From the tsble it is ssen that the maxizmm allowable valuces of wear of parts
of different models vary mainly with respect to the ¢ylinder walls, Thus,
far tylinders of GAZ engines in

mmt Yor GAZ-M-20. GAZ-69, and UAZ-455 engin
tors {8 suitable when a wsar of aSout 0
of GAZ-2]1 engines a wear of 05250

$xucks

5 [Tranclator’s noter The authar appears tc be using the teras "limiting", “saxi-

the liaiting value iz 0.40-0.45

¥R allorable”, and "torminel® interchangeably.]

6 The data in Table 3 are from the years 1962-1968.

~25=

68 and their modifications the cylinder
«25-0.30 mm has been attained; for cylinders
«35 ma 1s acceptible; etc,
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Beside the zmaximum allowable values of wear, the parameters which limit
engine life are deformation of the shapes of cylinders and crankpins,

In the practice of overhauling domestic engines, the maximum permissible
out-of-round of the cylinder shape, in perticular,ovality, is 0.l mm, and that
of crankpins is 0,05 mm. The effect of these parameters on the terminal oper-
ating Indices of engines is not yet well understood, and requires furthexr study,

On the basis of an analysis of the 1ife times of foreign and domestic
engines, R. V. Kugel' predicted the possible service lives of engines of
vehicles of various types in the design stage, taking into account service under
various conditions, According to Kugel®, the btasic service life befare the
first major overhaul of engines on various types of trucks with
load-carrying capacities of 0,25 tons to 12-1% tons should be 100 - 260x103 k.
Assuming these values, the approximate terminal wear in cylinders should be

tween 0, 25 and 0,5 =3 at an average wear rate of 2.0-2.5 microns/1000 vehicle
km. On automotive engines with vary small, s=all, medium, and large digplace-
ments, the engine lives should he 70-80, 100-110, 140-150, and 240-250x10°kn.
Accordingly, terminal wear in the cylinders should not exceed 0.2, 0.25, 0.3, and
0.4 zm3 with wear rates being 2.8, 2.1, 1.8,2nd 1.8 microns/1000 vehicle knm.
Engines of btuses in delivery, urban, and interurban transit should have gervice
lives up to the first major overhaul of 250-260, 300-320, and 350-400x10- k=m,
respectively, with a terminsl cylinder wsar of 0.5 mm, and wear rates of 1.9,
1.5, and 1.2 22/1008 vehicle ke, A planned extension of engine 1life is possible
if & number of design, enginsering, and use methods, some of which appear
in the subssquent chaptera of this book, are put into effect,

At present, a critical situation has arissn with regard to life of engines
after major overhaul; under exisiing overhaul methods this 1ife does not exceed
30-55% of the 1ife of new engines (Fig. 6).

According to the ensineexing specifications for overhaul of engines the sarme
tolerances for the various variations from the cast dimensions, and also froa
roundness, cylindricity and other parameters are usually observed as for new
engines, Accordingly, approximately the same 1ifs times of the sngines after
major overhaul aight be expacted as of new engines., Eut, as was mentioned
earlier, major overhaul does not assure the expectsd service life of an engine;

this was also shown in spscially accelerated experiamsnts, the results ¢f which
appsar in a later chaptar of this book,

Main fsctors behind this situation are the low level of engineering soph-
istication of the vehicle repair industry, & lack in that industry of the nec-
sssary nosenclature, supplies of spare parts of the needed dimensiors, and
insufficient designaccoznodation of the enginss to a good overhaul process.

26~
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Fig. 6.

Eagine life distribution curves:

1 -- pew angines; 2 -- after major overhaul; & -- M-20 engines (from
data of R, V. Kugel'); b -~ GAZ-21 engines (from data of P. L.

Chervonobrodov)

Keys <2, frequencys d, service mileage; e, 103 km,

Table ii:

Engine life, in km of GAZ~69, .
vehicle ;;rsnl [sic] GAZ-51 UAZ-450 _ZIL 120 ZIL-124

To 1st asjar overhaul 80-100 80-100 80-120 120-160
To znd majer overhaul,

after ist 30-40 30-40 30-50 50-80
# this represents of wshicla

travel to ist mjor over-

haal ] 3:‘.-11-0 35-40 35<1 40-50
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Chapter I1

Methods of Evaluating Engine
Wear and Engine Life

Prerequisites for Calculating Engine Wear and Engine Life

Knowledge about machine wear and machine life has developed, in the main,
empirically. At present it is in a stage of development where the time is ripe
for the creation of methods of calculation. One should be able to solve the
following questions, based on prior calculations: setting norms for the life
= times of machines in the design stage, insuring evenness of wear of friction
curfaces, comparing various design forms from the point of view of wear resis-
= tance, development of systematic methods of repair and operation of machines,
etc. To some extent these problems are in a state of teing solved for separate
pzrts and fitted assemblies thanks to the voluminous efforts of A.S. Pronikov,
M. M. Khrushchov, B. Ya. Gintsburg, 1.V. Kragel'skiy, V.N. Treyer and other
scientists. Meanwhile, for intemmal combustion engzines, whose operation is
associated with steady speed and load conditions, large temperature gradients,
and varied lubrication conditions, the problem of devising methods of calcula-
= tion of wear and engine life is far from being solved. This results from the
. fact that relationships governing wear and tear of the various friction surfaces
= are undeternined, and there are no reiiable data concerning limiting standards
: of wear for the basic parts.

R

ik
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= Therefore, an exposition of the known material reduces sicply to a suzmary
2] and brief analysis of certain criteria which are prerequisites for the devising of
£ calculations of engine wear and engine life.

= These criteriz can be divided into three basic categories:
= a) Criteria which deternine the relationship between friction and wear

in petal-metal interactions, under conditions of various media, Speeds,
loads, and tesmperatures;

il
o
N

Criteria which characterize the wear of parts during various periods
of operation of the engine, and which determine the effect upon wear
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of design, engineering, and use factors;

c) Criteria which enter into the calculation of optimal engine life,
taking into account economic efficiency and the need for major over-
haul.

The elements of the first category are chief%y the three criteria of wear
intensity which were proposed by I.V. Kragel'skiy’:
linear intensity

A v
1 T — E ee—
U T 14s?
gravime.ric in~ensity
1 =-£_.
£ (A’
energetic intensity
I =Y 2
= Wy F1

In these expressions:

h is the depth of the worn layer,
1 is the friction path,
v is the volume of the worn material,

Aa 1s the nominal contact area,
g is the weight of the worn material,

W is the work done by the friction force,

is the friction force.

The author has offered several functional relations for calculations in the
evaluation of the effect of various factors upon wear. Thus, wear is represented
as a function of the load in gemeral form by the expression 1=KgX ,
where q is the specific load on a friction pair, kilogram per centimeters squared.

As the load is increased, the exponent decreases and the multiplier K in-
creases.

These and many other foruwulas and criteria mentioned in the fundamental
work of I.V. Kragel'skiy, while undeniably valuable for theoretical and experi-
mental work in the field of friction and wear of test pieces and irdividual parts

7 In the formulas given in this chapter, some of the notation has been changed

from the original, to facilitate presentation of the material.
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of machines, still cannot be recommended for the practical evaluation of wear

resistance of future parts operating under conditions of sharply varying pressure,
temperature, and speed.

Professor A.S. Pronikov developed methods of calculation of the lifetime
of certain machine parts, in particular, machine tool parts. The basic aim of
these calculations is:

a) Find a relation which will determine the shapes of the worn surfaces
of fitted assemblie:z of various design shapes on the basis of the laws
governing wear and tear of the material;

b) istablish the maximum allowable wear and service time of parts, depending
upon their fumction in the mechanism and in the machine.

These methods of calculation were used by A.S. Pronikov in a number of
theoretical investigations. Thus, to describe abrasive wear of discs under con-
ditions of constant contact surface, the author used the wear formula;

U —_ .K PII t,
R—r

where P is load,
n is the relative rpm,
R and r are the maximum and minimum radii of the discs,
t is the wear period,
K is a constant multiplier.

Laberatory experiments, conducted at the Institute of Machinery Science,
on wear in friction pairs in the absence of the effect of supporting oil, deter-
mined the wear rate as a function of the mutual pressure of the friction surfaces
P:

-4
Ss=CF,

where dl is the change in the linear dimension of the part umndergoing wear,
S is the friction path, and

C and = are constants which depend on the friction conditions; m lies be-
tween one and two.

For semifluid friction, M.M. Khrushchov gave this expression in the form

%%=CP@JK;$}f

where K is a coefficient which characterizes the conditions producing the hydro-
’ dynamic pressure in the oil layer,

v is the rate of sliding of the friction surfaces,

% is the viscosity of the oil, and
h is the minipum clearance between the friction surfaces.




vl‘;‘

TEl
W
ey

m
Ui

The value of K—y%l— characterizes the part of the overall force on the
friction pair which 1sPtransmitted through the oil layer.

i i,
RGN

These expressions are the starting points fo: the criteria of engine parts
wear proposed by B. Ya. Gintsburg, and the basis for the equations for calculating
wear and tear of piston rings which were derived by him. There have also been
a2 number of other investigation in which authors have proposed various criteria
and expressions for evaluating wear resistance of metals and rates of wear and
tear of fitted assemblies; these contained such parameters as internal energy,
energy coefficient of friction, etc., which limits practicability.

I
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The chief criterion characterizing the period of wear and tear and the
influence of various factors upon wear has to be the criterion of initial wear,
or of full running-in. Criteria of this type can be represented as the quotient
of the change in certain indices from their initial values to relatively stable
values and the time 7" consumed in this process under set conditions of rumning-
in of the engine and with other conditions being equal. These certain indices
may be, for example, the smoothness of the surfaces R,, the mechanical power
loss ¥, 0il burning Gy, gas blow-by Gg, rpm of the crankshaft at starting ny,
and a number of other indices. Then the criteria of initial wear, or break-in,
take the form:

T

3 o & o « ] ¥
Knp=' Rﬁp— R:cx = "E::g — j“V:i:‘,.‘:= G:?— G:c‘dz
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Key to subscripts and superscripts: @=s, &=i, c=mp,d=0,e =q, £=x

SR

Tiie superscripts i and s correspond to the initial and final conditions.

= kKhen the concentration of iron in the lubricating oil is used to evaluate
initizl wear and so-called "wear lines" are plotted the criterion of engine

E break-in is the arbitrarily fixed wear resistance 1/tan «, where « is the
angle made by the straight part of the wear line with the abscissa.

I

The break-in criterion in this case can be expressed by the ratio

Gx ~ &
L3

K:xp—"—'

Key: «a=Fe

where Gp, is the amownt of iron (g) removed from the friction surfaces during the
break-in period of the engine, and S is the overall excursion of the piston

{km) . Accordingly, an increase in the numerator or a decrease in the denonminator
indicates intensification of the break-in process.
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The achievement of optimal clearances in fitted assemblies of parts during
the running-in precess is an entirely objective criterion of initial wear. For
this one must have information about the values of the optimal clarances 4.p

of each of the fitted assemblies separately, data on initial nominal clearances d4;,

and on the rate of increase of clearances tan « or the break-in time 7T . The
break-in criterion8 then has the form:

@

Knp= Aom""au:x , K=p= Aa,-nv— Am

ig: < -
b

Key: (subscript) @« = op, 6 = tan

Investigators have also proposed a number of indices and criteria in the
area of evaluating the influence of vsrious factors upon wear.

Thus, D.P. Velikanov proposed considering the following as indices which
indirectly connect values of parts wear with the time of their service and which
characterize driving forces, modes, and conditions of operation of basic parts
of an engine:

1. The rpm of the crankshaft and the [fricticn] distance it travels per
of vehicle travel with a direct transmissiocn.

2. Average velocity of a piston at the rpm corresponding to maximum power.

3. [Friction] distance traveled by a2 point on the working surface of a
crankpin per vehicle km.

4. Maximum sliding rate of the working surface of the crankshaft journals in
the bearing.

5. Maximum specific pressure on the connecting rod journals.

Km

In the opinion of B.Ya. Gintsburg, the average speed of the pisten ¥5a, which
characterizes the values of the pressures shich build up on the working surfaces
of parts, only in certain cases is part of the compownd parapeter which deterzines
the life time Tg. Other quantities in this parameter are the diameter of the
cylinders D, the ratio of the stroke to the cylinder diameter S/D, and other
design parameters.

Starting from the similarity of wear phemcmena plus z nuzber of assuptions,
and statistical treatments of dzta, B. Ya. Giatsburg arrived at criteria for

wear and life times of cylinders, pistom rings, crankshaft bearings, znd parts in
the valve pechanisa.

The criteria for c¢ylinders have the forsm:

D
n

To=

u‘w

[Transiator's note: The word “criterion™ is often used in

L e: A c this bock in th
sense of “characteristic nuber."]
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or, introducing the average piston speed,

SiD D,

¥,

e
TG'——‘:—
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: - . Subscript key:a=p
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= where ¢ is the relative terminal value of radial wear, «is the "reduced” value
of the coefficient of proporticnality between the operating time and the wear,
= ) and n is the rpm of the crankshaft.

'% The author noted that the value of S}‘ may be considered constant for each
part of engines of similar design which work under identical conditiocns.

The expression

. : D
Ty=— ——,
== A" Va

= was proposed as a criterion of terminal wear of piston rings in their radial
A thickness, and the expression
14/
i = V —‘D
n =

was proposed to evaluate wear of piston rings and piston grooves in their height;
expressing this by using the average piston speed,

S:D A
Ts= —;,‘" ]/-— D3
- =

Considering only the action of initial forces and neglecting the force of gas
pressure, the author proposes a criterion for the life of crankshaft bearings:

A

m
i

H XM
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Analogously to the above, anexpression for parts iIn the valve mechanism= was pro-
posed:

R
—.

The above criteria characterize the dependence of the life time on 2 nuimber of
design paraneters and indicate the advantage of using roderate rpzm, zedium
speeds, not-too-szall ratios of stroke to cylinder diameter, and, as zuch as
possible, large cylinder diameters.



In addition, the author ezphasizes that all these criteria were derived
wder sipplified assusmpticas, and do not take into account the signif cant
influence on engine life exerted by tezperature factors and fatigue phenumena.

Other authors have advocated using the wmiversal formula prcaesed by A.N.
Ostrovisov for determining the iife of engines operating under binary friction:

S50 ] ) o

fmax
= T, = 222
Tky

where k, =k;. X3, k3, etc., the latter being factors of materizl, hardness, tem-
wrature surface s oothness, precisica of fit, 2il quality, and factors depending

upon operational conditions. Here J is the intensity of wear and tear, given by

U 8 LA

7=a8l s;

A is a proportionality coefficient,

L_3s the terminal wear,

P.a is the specific pressure on the friction surfaces, and
S¢ is the length of the friction path.
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3 For calculating the life of =achine parts, V.K.
= of the wmified formula

Treyer recozeends the use

€ = P@T X

where C is the performsnce capability of the part,

P is the load, or a factor describing the specific conditions of loading of

the part,

n is the rpm of the shaft [sic] , which is proportional to the nusber of

cycles per minute of isaéing or of friction which the part in gquestion umdergoss,
Tg is the life time of the part, hours of operation, and,

k is an exponent c¢etersined empirically.

1.0
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= P.iI. Kozlovskiy considers the chief extemal factors determining the wear of
= parts of the connecting rod-crankshaft mechanisa and the c;lmér—:nstm group to
be the pean effective pressure P, the total number of revolutions, and the rave
= n of revolution of the crankshaft, as well as the time t and the surfic temper-
E— ture of fitted pazts:

Y=f(Pint, ?).

The suggested comparison of wear under various conditions on the basis of
this approximate relation is extremely cozrlicated to carry out in practice.
It is even more difficult te zpply fuel: consumption relations, wnder equivalent
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or initial conditions, for approximate calculation of wear coefficients, since
fuel consumption depends more on a number of other factors than on engine wear.

The investigator I.I. El'ovich also associated the intensity of engine wear
and tear with the average speed of the piston V, and the average effective pressure
Po. He proposed the following relation, experimentally verified on a YaAZ-204
engine, for the conditions n = 100-1900 rpm and P = 2-5 kg per cm2.

J = APg V5

3

where A is a coefficient depending on the individual properties of the engine and
the overall anti-wear effectiveness of the lubricating oil.

F.M. Klemushchin proposed an approximate formula to find the wear, in which
the diameter of wrist pins is a factor

1 = K]_mel\':oxz dDX3mX4HvxSt0/:

[exponents x;j...x4 illegible in original ]
where K; is a coefficient accounting for the operating conditions and other factors,
P, is the average pressure on the (wrist) pin at the small end of the connecting
rod, ko per R
Vo is the relative sliding speed of the pin, m/sec,
é? is the diameter of the pin, centimeters,
o is the stroke time coefficient,
Hy is the Vickers hardness of the wrist pin, and
t is the operating time of the engine, in hours.

In recent years, mathematical statistics has been increasingly used to estimate
the freedom fronm breakdown and life time of machines. Locking at the buildup of
vear as a stochastic process, researchers have determined the correlation between

wear and length of service of a part. Thus, a parabolic equation has been proposed
for the correlation:

I=Kyf;

where I is wear,
is a constant,
is munning time.

.

»

"

Along this line, another correlation is more promising, namely, the exponential
wear equation of I.B. Tartakovskiy, which he proposed to describe the wear ard
tear of cvlinders, pistons, piston rings, and crankshaft bearings.
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This equation has the form

G==(i)-10 A —h,

where 4 is the current value of the wear, t is the length of time of operation,
&, is the wear after an arbitrarily chosen interval ty, with t, greater than the
running-in time, and A and h are constants which depend upon the engine model and
the particular part, as well as on the narameter with which the equation is con-
cerned. Mathematical treatment of some parts wear measurements taken by I.B.
Tartakovskiy at the Gorki Motor Vehicle Plant demonstrated the validity of his
equation.

The pr..aary members of the third category of criteria which constitute
prerequisites for the calculation of optimum engine life and establish the prac-
tical overhaul requirements of engines would have to be the expressions
characterizing the terminal clearances in fitted parts. In this connection the
work of M.S. Belitskiy is of great interest. Starting with the hydrodynamic
thecry of lubricants, and taking the preservation of the oil film as the criter-
ion, he proposed a formula for finding the maximum allowable clearances in the fitted
assembly comprised of the cylinder surface and the piston skirt:

—

=01/ 12,
tp,

where nis the absolute viscosity of the oil,
P, is the maximum pressure of gases in the cylinder,
t is the time the hot gases act upon the oil £5im, and
11 is the height of the lower part of the piston skirt.

Result, of comparing experimental data with calcuiaticms according to this
fermula permit recommending it as a criterion which determines the need to change
pistons.

= As of today many rescarch results have been published deveted to the deter-
E minatior of the optimal life time and economics of operation of machines. Thus,
z N.D. Meshkov, analyzing the expression for evaluating the service time between
g overhayls of automotive engines which was proposed by G.A. Kurguzkin, has

: modified it to take into account unsteady and startup modes of operation:

z-7-dy-S-AL,
0,42-3-(W, +16,)"

Ty ={p+1)

-36-

s




where T, is the amount sf maintenance between major overhauls;

¥ is the density of iron, g/mm3,

d, is the nominal cylinder diameter, mm,

S is the stroke, mm,

Aly is the terminal wear of the cylinder sleeve in the upper zone, mm,

W, is rate of total wear of the engine, g/hr, found by conposition by
weight in the "iron in oilY method, for unsteady ccnditions, and

W, is the rate of totzl wear of the engine, g/startup [sic], in the
startup regime, with @ a coefficient accounting for engine wear under unsteady
conditions. This proposed equation deserves attention, however it requires a
knowledge of the quantities Wg and Wq, and it is a complicated matter to
determine these.

To determine the estimated optimal period between breakdowns of parts,
i.A. Mishin has proposed a simplified expression

] / 2W
T9= Trz;_t'

whera W, is the initial output per unit time,

A% is the decrease in output per unit time, and

t is the cost to restore the performance capability, equivalent to the
labor cost of the restoxer, hrs. The author alsc recommends formulas for
determining optimum machine life in the case of uniformly accelerating gradually
increasing costs of restering performance capability. The examples he gives of
calculations indicate that the recommended expressions are feasible. Relatiuons
for calculations for evaluating the optimal life time are also given by M.M.
Miklaylovskiy, Yu. S. Rakhubovskiy, and cther researchers. Thus, at present, we
already have a substantial number of criteria and mathematical relations which,
upon further supplementation and generalization, will form the basis of calcula-
tions of motor vehicle engine wear and engine life. It may be assumed that, with
time, such calculations will be accepted into engineering practice as strongiy as
formerly calculations of static rigidity and fatigue of parts were.

Methods of Determining Wear in Engine Parts

At present there are many different methods of determining engine wear and
engine life ; the suitability of using them in a given case is determined mainly
by the degree of wear of the parts.

These methods are divided into 5 main types, after the classification pro-
posed by M.M. Khrushchov:

1. mnicrometry, to determine the change in diameter or other linear dimensions,
based on twofold measurement of the chosen part parameter, before and after wear
and tear;

2. profilography, performed with a constant reference profile on the unworn
part of the surface subjected to wear, or developed on the bottom of an artificially
inscribed scratch;

T A T s e i
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3. determinztion of local linear wear by a method of impressions or a method
of small cut-out holes, amounting to a determination of the changes in the
dimensions of pits on the friction surface of a part;

4. cverall method over the friction surface, which gives an estimate of the
wear from the total weight loss or from the cverall concentration of wear products
in the oil;

5. overall method with respect to a service property, obtaining an estimate
of wear from the variation of puramcters taken as wear evaluaiion criteria.

The approximate methods which are applicable ts motor vehicie engines can be
reduced tc 3 main groups: a) methods requiring rcmoval of assembiies and parts for
evaluation, b) methods giving a relative wear estimate, and c¢) methods giving a
wear estimate with respect to service properties of the engine - which are, essen-
tially, methods of evaluating the tecanological condition of an engine. In this
section the first two classes of methods will be discussed.

The long-known and widely used methods of evaluating wear, micrometry aad
wear determination by the decrease in the weight of parts, belong to the firs:
group of methods. These methods give poor representations for the initial period
of factory running-in, but they give reliable measurements of wear accurate enough
for practical purposes, of continuously operating parts.

However, neither of these methods gives a correct picture of the dynamics of
wear. This can be explained by intensification of the wear after the dismantling
which is necessary to carry out micrometry or weighing of the parts. Micrometry
is subdivided into measurement either with or without a constant datum line
from which the measurement is executed. 1In the first case it ssems possible, with
the aid of special indicating devices, to determine radial wear of cylindeis ox
crankpins, which is very +aluablie in research. For this purpose, however, the
application of the method .. artificial datum lines which was worked out by M. M.
Khrushchov and Ye. S. Berko.ich is much preferable.

This method is pe._foswed on the UPOI-6 device and its modifications. It is
based on the evaluatic: of wear from the change in the dimensions of holes cut
into the friction surface. These devices enable the examination of wear in cylin-
ders, piston rings, wrist pins, and crankpins. The method of artificial datum lines
can be advantageously applied for short-time tests, characterized by low terzl
wear, and for testing over extsnded operation of am engine. At the same time,
study of the dynamics of wear, which requires opening up the engine, and, conse-
quently, carrying cut 2 new running-in of fitted assemblie:s after each dismantling.
is fraught with the same kinds of errors as is ordinary micrometry.

In using the UPOI-6 device under laboratory comditions at the Gorki Motor
Vehicle Plant, it was noted that the method of artifical datum points has particu-
lar advantage ia  the evaluation of wear in ''wet" cylinder sieeves which have
undergone deformation, in various models of the ZIMZ engine. In faboratory reszarch,
the special device proposed by N.F. Strunnikov for determining radial wear is
also used.



This is a lever-type con=rivance with a measuring head. The device is
centered with respect te a non-working part of the cylinder and the wear is
measured from the imaginary vertical line off of the non-working region. The
basic arrangeiment of the derice is analogous to that of the "Kalibr" device
for measurements within the factory. It is suitable for determining relative
wear, but completely inapplicable for measuring cylinders which are highly de-
formed. In Fig. 7, characteristic wear diagrams are plotted for cylinders in
GAZ-51 and GAZ-21 encines for 400-hr normal-operation test stand tests, repre-
zenFing micrometry, the method of artificial datum points, and the Strunnikov
evice.

Microprofilography belongs teo the first group of methods of evaluating
wear. The surfaces are gaged before and after engine operat:on, with subsequent
supe rimposition of the profilograms with respect to the remz.ning unchanged lines
of the depressions. This very approximate method is much more representative
in determinations of initial wear during the short period of microgecmetric
running-in of fitted assemblies.

A Y AR i A

In the absence of microproii}ogxaphs of the "201" type and others, this
method can be replaced by profilcmetiy of the surface before and after shoxr-
time running-in. Possible erzruss &Av-lve nonus forzsity of the microprofile over
even small regions of th2 ¢perating surface of ¥h: part, mainly waviness and
macrononuniformities in friction pairs. The agplication of this method at high
stages of vear does not give good resuits, sinue high stages of wear involve the
formation of a new micrprofile wujch depend. ':ttle o&n the initial microgeo-

metry.

The method of evaiuatiug wear c<f roumd parts and openings by means of super-
imposition of macroprofilogiens, which s widelr used zt the Gorki Motor Vehicle
Plant. is among the methods which iequire dismantling tie engine. This method was
developed in the Central Scientific Research Laboratcry for Engines, in conjunc-
tion with cto-workers V. N. Kemissarzhevskaya, L. A. May, and A. E. Isakov, of the

1TAvtoproma {Scientific Research Institute for Technology in the Automotive In-
dustry]. I: is based on the application of an MPG-3 macroprofilograph, designed
by the NiITAvtoproma and built at the GAZ. The device is designed for measuring
the external cylindrical shape of wrist pins, openings in piston bosses, internal
urfaces of bushin.s at the small end of connecting rods, main and connesting rod
ournals on the crankshaft, aad supporting bearings on the camshaft.
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The device makes it possible to describe the macrogeometric deviations in
parts, frcm the ideal form up to 0.1 mm, and with a magnification over the range
of 1,500 to 19,00C times. It represents the macrodeformation of th2 studied sur-
faces via such parameters 2s ovality, angularity, coniformity, saddle-shapedness,
barrel-shapedness, znd waviness in a given spot, with respect to a vertical
straight line and within a cross section. For correct superimposition of the

) macroprofilograms taken from the new and the worn part, impressions in the form
: of notches or hcles are put ahead of time into the surfaces of new parts under
study, and the subsnauen; superimposition of the profllograms is conducted with
respect to these. The distance between the prc€ilograms gives the value of the
wear of the part on a relative scale. To give a visuzl representation of macro-
deformations and tre distribution of wear, the macroprofilograms are given in
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Cylinder wear along diameter, microns

-
3
5 O 30 <40 60 8§ 19 10 140 160 MKM
=
L>; 1 : P e —
2 =T
e 32 - e .
Es] Py 2
¢ i
s 55 ;l
;3 o
§ &9 /1
= " ¥
2 0 ,,-:i=’“("'
b nl A= . MURpIHZMIDN
= il I/ —— e SIYNER (S1I0H-E)
e / . —-— Crieynpubop
) =0 1 I |
S
g

Fig. 7. Characteristic Wear Diagrams for Cylinders in GAZ-51 and GAZ-21
Engines After 400-Hr Tests According to GOST 491-55:

wear determined by micrometry; ---wear determined by {-2le method)
UPOI-6 device;-.wear determined by Strunnikov's device

d)

Fig. 8 Estimate oi. the character of the Distribution and Magnitude of
Wear, with Respect to Out-of-Round and Non-Stiraightness, by Super-
position of Macroprofilograms in:

a - main crankshaft journals; b - camshaft supporting jcurnals; c¢ -
external surface of wrist pin; d - openings in piston below wrist pin




L

i

_—
T G R L I AR

i
i

R

m
!

il
i

Wy

il

"~

L

I
LR I

polar coordinates (Fig. 8). Currently, methods of reconversion of macro-
profilograms have been developed at the Central Engine Laboratory at the
GAC, by Engineer I.M, Tsoy; these make the process of converting the record
to polar coordinates substantially less laborious. At the sam. Laboratory,
A.E. Isakov has used a2 methed cof evaluating wear by planimetry of the
areas formed by the initial and current profilograms.

A number of integral methods with respect to the friction surfaces --
enumerated below -- beleng to a second group which gives a relative estimate
of wear without dismantling the fitted assembly. Thus, a very promising
method from the point of view of versatility is that of radioactive iso-
topes, or tracer atoms, which can emit energy in the form of electrically
charged alpha aznd beta particies, and electromagnetic gamma rays, in the
process of radioactive decay. Radioactive isotopes have been introduced
to worn parts for subsequent evaluation of wear. The amount cf wear

in parts investigated in this way is found from the number of pulses recorded
per unit time.

Va-ious methods of activating parts are known; from the dissemination
of these, systems of "tags™  have resulted -- bits of electrochemical
coating involving radioactive isotopes, and the introduction of radioactive
isotopes into the metal when the parts are cast.

The potential feasibility of these methods rose particularly with the
spread of the use of scintillation counters in place of Geiger counters;
the former made it possible to sharply decrease the cverall radioactivity
cf the parts under investigation, while retaining the necessary precision
of measurement, and also to expand the list of usable radiocactive isotopes.
A differential method with radioactive indicators, developed at the Moscow
Techrical College imeni Bauman (Scviet Patent No. 184501, of May 20,
1965) is very accurate. This method is based om continuous or pericdic
measurement of a radioactive zone of the working frictiorn surface of a part
being tested, which part has been previously activated to a depth comparable
to the amount of wvear expected for the period of operation.

Of those methods applicable during any pericd of wear but most advantageous

for research under conditions of running-in, one which has received particu-
larly wide use is cazlled, for short, "iron in o0il" (GOST 3878-47 and 1955-
45). The latter is »ased on the determination oi the amount of wear products
of the parts, mainly iron, which get into the oil.

Analysis of the oil samples may proceed by volumetric, gravimetric,
calorimetric, or poiarographic means, all of which are described in detail
in the literature.

Knowing the amount of iron removed from the friction surfaces over
several successive time intervals yields data on the growth in the amount
of iron removed, and wear lines are constructed which characterize the
dynamics of initial wear, or break-in, of the engine.

-41-
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The transition of the wear line to a straight line having a definite
slope marks the end of the initial microgeometric running-in, and the slope
of the straight part cf the line on a certain scale characterizes the inten-
sity of wear of the basic friction surfaces. A high slope in the initial
phase of running-in indicates the intensity of the process of microgeometric
running-in, and the low slope in control tests of broken-in engines is
evidence of the completion of this process in the break-in period.

This method, which was proposed by N.P. Voinov, was subsequently some-
vhat improved by S.V. Ventsel and the author of this book, in the area of
estimating the influence of the lubricant system on the relation governing
the growth in the concentration of iron in the o0il, and in the area of
simplifying means of taking the o0il samples.

The above method of determining the optimal conditicms of running-in
required tests of 75 engines at the Gorki Moror Vehicle Plant. For direct
observaticns of wear while the engine is operating, without taking o.l
samples, it was proposed that the Central Laboratory of the factory could
use an ohmmeter, type F-57, which is capable of measuring resistances in the
range 108 - 1013 ohm. The method is based on the fact that the electrical
conductivity of the lubricating oil varies depending on the concentration of
wear products in it. Since a polarograph is the best instrument for this
type of measurement, one should regard a certain amount of non-correspondence
of the wear lines as a result of errors in the new method. Such errors
are unavoidable, as a result of the influence on the electrical conductivity
of oil of temperature, various impurities, traces of water, the state of
the surrounding medium -- variable in its physical and chemical properties
-- and a number of other factors. Despite the approximate nature of this
method, it can be recommended as a rough method for prior estimation of the
overall wear of friction surfaces in engine parts.

ir recent years, the estimating of wear with the aid of spectroanalysis
has come to appear more promising. In this method, the content of impurities
in o0il samples from a definite volume taken from the lubricant system is
found after burning in an electric arc and photographing the spectrum. From

the results of processing these photographs, wear values for parts containing
the different chemical elements are found.

The analysis and treatment of results in this method of testing are
about as comnlex and lengthy as those in chemical analysis of oil samples,
but the main advantage of this method is high accuracy. Other methods have
been applied in research work for evaluating initial and settled wear with
the aim of improving ccnditions of factory break-in and increasing the
quality of engines produced. One such method is the determination of the
degree of initial wear of the engine from the mechanical loss parameters.

The best of the known methods of determining these parameters for the

purpose mentioned is the application of the engine torque measured by a
beam electrodynamometer.
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This method does not furnish high acciracy in determining absolute
values of the mechanical losses, but when certain conditions are observed,

it does give the change in mechanical losses during the process of running-

in of the engine, with sufficient reliability for practical purposes. It

is expedient, in order to judge the quality and necessary duration of running-
in, to take control readings of mechanical power loss at a previously set

Tpm.

At the Gorky Motor Vehicle Piant, 35 engines were used in evaluation of
experirental conditions of break-in by this method; the engines were pre-
viously chosen for average optimal values of microgeometry, clearances, atc.
As a rough tactic for evaluating the duration of the initial engire break-in,
the method of following the temperature of the crankcase oil at corstant
temperature of the cooling water may also be used.

Sharp fluctuations of o0il temperature are evidence of the incom-
pleteness of the process of initial runring-in, and indicate the presence
of local specific pressure highs, or even occasions of scoring on the
friction surfaces of the parts. After <he oil has reached the settled tem-
perature, in the normal running-in of pirts the temperature fiuctuation
of the oil should not be above 10°C.

Average values of ¢il temperature which characterize qualitative
running-in of parts should be estabiished experimentally for the various
engine models, depending on the viscosity of the oil used for break-in.

In 1953, a simplified method of evaluating running-in according to
the stabilization of the rpm in tests cf idling engines was incorporated
at the Central Engine Laboratory at th: Motor Vehicle Plant. This method is
based on "non-braking tests" of engine: after major overhaul, which was
rejected by V. Xazartsev and later projosed by the author of this book. The
development of this method was based on investigations of 30 sacples of
various models of GAZ engines. In ess:nce, it reduces to the plotting of
curves of rpm variation at idle, in the presence of a limiting plate between
the carburetor and the intake nmanifold

The diameter of the opening in the limiting plate is 18 - 20% of the
diameter of the intake throat needed t( assure normal feed conditions.

The evaluation of the breaking-in qualities is achieved by repeated
testing of the engine. If the engine is ompletely broken in, then curves
of the rpm of the initial and subsequent iest coincide, which to an approxi-
mation represents equality of the internal friction losses.

If the curves do not coincide, this indicates that the chosen methed
of factory break-in of engines is imperfect. Another criterion for estimating
initial weaT can be the slope of the strazight part of the rpm line (after
warmup) with respect to the abscissa, and the difference in the initial rpm
between the first and second tests of the engine. For this, the water and
0il must be kept at comparable temperatures, and there must be complete
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identity in the mixture composition adjustment and thz spark advance angle.
Applicaticn of this simplified method of evaluating initial wear of engines
breken in differently permitted the factory to find the cptimal conditiors
of factory break-in for CAZ-21 engines of the 'Volga" automobile. It is also
possible to estimate initial wear from oil burnirg and from gas blow-by.

In recent years, new methods of measuring wear have been expounded in
the literature. Thus, scientists at the Saratovskiy Motor Vehicle and
Highway Institute proposed a method of estimating wear of parts in the
crankshaft-connecting rod and valve-camshaft mechanisms of an engine without
dismantling the fitted assemblies; the method is based on 2 determination of
relative clearances.

In application to the cylinder-piston assembly, this methed reduces to
the precise determination of the dimension of the scarf joint of the piston
ring with the piston in the upper and lower stationary points before and
after the testing of the engine. From the differenrce in the dimensions of
the scarf joint, it is possible tc judge increases in the conicity of the
cylinder and wear of the ring over the time of the test. A special device,
described in detail by the Saratovskiy scientist F.¥. Avdon'kin, is used
to determine the gap im the scarf joint.

A method amalogous to this was developed for determining the gap in
the fitted assembly consisting of a wrist pin and the bushing in the small
end of the connecting rod, and also for determining bending in the valve
tappet during engine oparation, and gaps in the fitted pairs tappet-guide
bushing and valve-bushing. Despite some degree of approximation in these
methods, they have an undeniatble attraction, particularly for vehicle repair
enterprises and large enterprises involving vehicles.

At present in the Gorky Motor Vehicle Plant, develonment of additionail
metheds is in progress, vccasioned by the growing need for objective estimates
of wear Tesirtance of parts in new engine models.

Evaluation of —he Technoliogic2l Condition of Motor Vehicle Engines

The determ=ination of the technological condition of engines is associat
with one of the methods of estipating wear and life which was called by
M.M. Khrushchov integral with Tespect to a service property. In this
method, wear of 3 machine is evaluated from the variation of parameters taken
as wear criteria.

For ongines these parameters may be the lowering of the maxinunm effective
power, increase in fuel consumption, 0il burning, and blow-by of gases into
the crarkcase of the engine, a drop in the compression in the cylinders or
in the vzacuuz in the inteke manifold, a lowering of oil pressure in the oil
headers, increasing gas pressure in the oil pan, and other parameters.

However, 2t may b2 eTrroneous to evaluate the state of the engine by one
of these pcrameters without relating it to the others. Thus, an oil burning
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rate not exceeding 3.5% of the gasoline consumption was taken 25 the current
standard fcr the allowable rate for fngines which have not undergone major over-
haul and which are equipped with oil filters having replaceable filter elements.
This approx*aatelv correct ratio does net, however, guarantee objective evalua-
tion of the technological condition of the enginre without dismantling it, because

a very large number of factors affect fue! consumption and oil burning beside
parts wear.

The vacuum in the intake nanifold also does not give an accurate determina-
tion of the technological condition of the engine, since the amount of vacuum
depevds upon the condition of the air cleaner and the intake g s tube, the spark
timing advance at idle, and other facters not involved with engine wear.
Determination of the technological condition of an engine from the p1
of gases in the crankcase involves extremely large errors hecau ti
ence on that parameter of the throughput of the ¢
loading and speed conditions of engine operation, the h
case seals, and other factors.
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N ither does the compression meter have any particular claim to accuracy,
i ng conclusions about compression from the pressure in the cylinder at t
end of the compression stroke, since lack of seal of the valve has a far greater
effect on this parameter than cylinder wear. Thus, neither tie parameters enu-
merated above nor other parameters can individually characterize the condition of
an engine, or, if they do, it is with unacceptably large error. A more objective
criterion =ay be the absolute value of oil burning in conjunction with other
parameters, for examsple, with indices of gas blow-by into the cramkcase of the
engine under set oaerat:wa conditions or vehicle speeds
mining the ;ssszble service life of cesrtain engine node
have been ""b§1shed in the past. Thus, it was noted th
addition to cempensate burning under service conditions of opera
exceed, for highxav driving at a saaeﬁ of 35-30 ka/hr, 1.2 1.7
GAZ-31, and 1.5 1./100 ka for the Z18-150; $ pressure in the
GAZ-51 engine *nnnzag at izt e should not be more th
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M-20, GAZ-51, GAZ-12, GAZ-21, 2
wear of the basic parts friction s €

at the Central Scientific Research Laboratory for Engines at the G@rkx ¥o
Vehicle Plant, between 1957 and 1962, under the direction of t
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The task of the research reduced to determining the optimuz= ratio of oil
burning to gas blow-by in the given eagine models, since 2 deviatioun from this




ratio under tight-seal conditions in the crankcase and other seals characterizes
upset of the normal technologiczl condition of the engine.

nce oil burning and gas blow-by are influenced by a large nuzber of varied
, the study of these cerprised the first stage of the investigatiom.

The operating conditions used in the tes? stand tests of the engines corre-
spond=¢ to the speeds of vehicle travel given in Teble 5 for vehicles with direct
driv. . The test stand tests were carried out on engines without limiting plates
pveyond the carburetors, for automobile engines, and also with tightened rpm gov-

ernor -;arings, for truck engines. The length of each test set of operatinmg con-
ditions was 1 h

it should be pentioned thar the test conditiuns were substantially more
severe than service conditicas of the engines, since a throttled-éown carbure-
tor is much =more characteristic of highway operation. This artificial intensifi-
cation of the severity of the engine operating conditions made it possible to
obtain more pronounced results in comparative testing.

Table 5.

Condi- Test stand Corresponding
tions  test conditioas M-20,GAZ-69,
No. of engines GAZ-51

vehicle speeds,

GAZ-65

idle, 1500-2500 rp=

Full load, throttie wide
2000 1p=m

Full load, threitie
3069 parie

Full lczd, throttle
3300 Ip=

tersined after each rum by

in this, the necessity of
ne was taken into acco=t. In
deternined froa the addition of

sinary

le measurezent 2rror for each of the sets
of ceaa;txo'xs in th

te ib the
Tab erzined; these were !7, 10, 12, and 215 g/hr,
respectively. Increased er in the 0il consusption index whean the locad and
rpm are increased is explained by the influence of certain factors in the engine
operation which vary along with these conditions. Such factors appareantly include
uneven wobbling and vibration of the piston rings and in particular their tuming
in the piston grooves, with a tsndency ze clo<e the gaps in the scarf jioints.

The azount of exhaust gases passiag through to the crankcase was measured with the
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aid of a portable gas stter, type GXF-6, with a capacity of 6 md/hr, fastened
to the oil inlet tube of th i

The unavoidzble experimental and zeasurement errors in the research pro-
gram were reduced by performing each test in tripiicate on not less than 3-5
engines, with Sz;-’-;seqzzeat averaging of the results. Ezch of the studied engines
was subjected to microzetry and to determination of the correlztions of the
Separate parazmeters affecting oil aummg and gas bdlow-by, and was zmade to con-
form to the tolerances indicated in the design drawings and in the engineerin
specifications.

in the research oa the norm=al ratio of oil burning t 0 gas biew-bv for each
engine wmodel, and on the factors affecting the variation of th

taken into accoumt that extreme oil buraning, as well as its cosg E e
distinctly contraindicated in normal operation of an auto=oiive eagine.

l

bw-

An excessively <hizk oil fil= on the upper piston ring causes ™oiling" of
the spark plugs and increased deposit formation, which promotes the growth of
premature wear of cylinders and pistom rings.

-

An insufficiently thick oil filz can cause a2 rise in the rate of wear,
1

£ 1 =
£1

=i
i= may ;:;rc& ¢ to nre,-x and tne ssr:aces D’Et.{}-Eﬁ dry, amd dry

c 4 -H

ter p‘.ezsc:ren&q is muaiiy 2 “suiz of high blew-by of gases

'ihrous;'a the pistan 4 i g the severe
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As engine break-in proceeds, to z certain degree the =icroroughness of the
friction surfaces of the parts is worn swzooth, the initial macroirregularities
of shape are reduced, the clearzmces in fitted parts are adjusted and stabil-
ized, and consequently a certain relztive coastancy of the indices of oil bum-
ing, gas blow-by, and effective power comes zbout.

These indices, with the engine parts satisfying the requirements of the
design drawings and the engineering specifications, are the starting point for
subsequent evaluation of the technological condition of the engine.

i : g
GAZ-21 were subjected to 100-hr
€ 3 T

test stand tests. All the engines were first
broken in it idle amd under partial load for 9 hr, after which they were
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of z11 the engines was conducted with "Indus-

g
triai-20" brand oii. The msasurements of o0il coasuzpticn, amount of gases

passing through

o th2 crankcase, znd other parameters, were made in the engine

4
tests wmder the sets of conditions listed in Tabie S.

total test was divided into 7 stages of 13 hours earh, which, in cozbi-
n

e
nation with the previous ri=ming-in, corresponded to a 100-hr operztion of the

engine on the stand.

. P = P - - -
s over ali [sici the engines of the imdices of oil
gases, aand maxisum rower for the eatire period of testing.
f the relatively stable part of the curves of the studie

As break-in proceeded the average rate of sii consuzp

i t i
CAZ-351, and GAZ-2! decreased in comparison with the initial rate from 116 to 54,
fro= 260 to 170, =ad from 100 to 50 g/hr, respectively; znd biow-by cf gases
: E-$ » ¥ 2 2
rose from 26 to 27, from 35 to 42, and from 27 to 29 i./=in, respectively.
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A substantial incresse in the indices of oil consuspticn zad, (o 2 lesser
degree, gas biow-by was observed mder increased loading and increased rpm of
the engine.

The latter is coanected with increszsed tendency to accumuiate oil umdar-
nezth the rings and with increased gas pressure, as well 2s with the rise of
defor=ation of the corlind=rs znd vibraticn of the pistsn rings. During engine
operztice umder load with the carburetor throttled down, the rate of oil com-
suzption decreases a little.

neath the upper rings which prevents pemctration
by oil being blown through aleng L

gas blow-by increases once again and then
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As running-in of the frictiom surfaces o
of oil coasusption decreases to an ident
i

It can be logically assumed that this shape of the curve of biow-by of
gases is coanected with the clesing of the scarf joints of the piston rings
during the operation of the engine.

In the longer tests vis-osity was found to have some effect on the rate of
0il consu=ption. To deter=ine this effect in GAZ-M-20 enzines comparative tests




were performed with "Industrial-20" and "Industrial-S0" oils, the viscosity of

which decreases to 1.3 and 1.6, respectively, when temperature is raised from
50 to 100°C (Fig. 10).
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Fig. 9. Average Engine Indices of 0il Burning, Gas Blow-By,
and Maximum Fower, as Functions of Duration of Test:
—— o0il burning; --- blow-by of gases; ~-.- effsctive
power.

Key: « = ave. o0il burning, g/hr; & = ave. blow-by of
gases, 1./min; ¢ = hr; </ = max. effective power, hp.

The tests showed that the engines consume low-viscosity oil at a rate
15-20% higher than machine o0il. This is connected with the superior pumpability
and the penetrability of low-viscosity o0il into the open spaces in parts link-
ages of the engine.

in the studies it was found that the intensity of lubrication of the parts
of the cylinder-piston group has no effect on the rate of oil consumption; this
was shown in tests of engines with varying amounts of oil flowing into the crank
case, in which cil pressure was varied by adjusting the reduction valve in the
0il pu=p in combination with the covering of oil passages, to achieve additional
lubrication of the cylinders at lower ends of the connecting rods.

The studies showed that regardless of how much oil collects underneath the
piston rings oil penetration into the combustion chamber through the cylinder-
piston group depends mainly on the tightness of the seal of the piston rings and
the degree to which they have been rur-in to fit the cylinders. On the other
hand, the amount of oil in the valve space of the engine has a significant effect

on 0il burning; this was shown from comparative test stand tests on M-20 engines
with and without oil deflectors in the valve space.

These data were confirmed in road tests of the ""Pobeda" automobile. In these
tests the average specific oil consumption of M-20 engines with oil deflectors

did not exceed 56 g/1C0 vehicle km, while without oil deflectors it reached
108g/100 kn.
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Fig. 10. Influence of Certain Factors on 0il Burning in
4-Cylinder GAZ Engines:

1 -~ viscosity of cil used: Z3 VUgg = 6; §VUSO = 3;
2 -- closing off of passages in connecting rods:
Eza passages closed; §§§ passages open (for
supplementary lubrication of the cylinders);

3 -- presence of oil deflectors in the vaive space:
Ezg with oil deflectors; E§§ without 0il deflectors;
4 -- cross section of oil passages in pistons:

ZZ? ovenings unclogged; §§ openings clogged.

The above is evidence of the substantial effect the valves have, via their

cucking action as they move in the guide bushings, on the amount of 0ii consumed
by the engine. The process is aggravated by the intense suction of gases under

existing systems of cranlcase ventilation. The effect of crankcase ventilation

and a number of other design factcrs, including clearances in fitted assemblies,
are topics discussed elsevhere in this book.

These paramcters aad ractors, acting separately ard in concert ugon oil con-
sumptior and gas blow-by, do 30 in addition to other, operational factors, under
actual corndiiions of engine service. Among these operaticnal factors are the
guality of the lubricatiag materials in the fuel, the absence of patterns of
wear on the {riction surfaces of the parts of the cylinder-piston group as a re-
sult ot differences in operating conditioms. resin formation and tarring of the
oil coatrol riags and grooves in the piston, etc.

Actually, in the case of reverse flow of excess oil, oniy constricting the
openings in the grooves for the oil-clearing rings in the piston will increase
the oil consumption rate. The total passage cross section cf these 1T openings
of diameter 3 mm each is 31 mmz; arnd in combinagion with the radial channei to
the other side of the piston the area is 147 mm¢. By blocking 6 of the openings
in the piston grooves, thus decreasing the drainage cross section to <9 me4,
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the effect on cil consumption of decreased drainage area was determined.

Also, in the course of the tests of a number of engines, the strongly nega-
. tive effect on performance of the practice in many motor vehicle and vehicle re-
pair enterprises of overhauling engines after running-in and break-in was noted.
- Such overhauling, i.e. opening the engines after inspection and testing of the
- . friction surfaces of the parts, subseguently obligates a new process of
running-in and increases the indices of 0il burning and gas blow-by.

Since o0il burning and gas blow-by are indices of the overall technological
condition of the engine, the general character of the relation between them at
various degrees of wear ot the engine is of interest.

In Table € the results of evaluation of the technological condition of
GAZ-21 engines after their service on vehicles are given.

The technological condition of these engines was evaluated from data on
speed ané load characteristics and from the results of micrometry of parts after
determining the oil burning and gas blow-by.

Table 6.
E - Q -~ -

N o >
0w &~ s o
0O ) - D ! !

o et k3 el j= x fi
2. A& ET 5 S E
) g v 2 S
E ° §£ gg 2 - b v O
99 Ho g% . . 8L &4
o é‘c - Characteristic properties of engine cordition, ~ o '~
R w27 from data of inspection and micrometry ) o
O 4 G4 S o0 S >
w o 43 = < <
15 72 220 No notations. 65 29
30 73 215 No notations. 70 28
44 1 215 Rubber packing on valves eaten zway. 90 30
47 68 230 Sticking of piston rings. 12¢ 40
5 72 220 No notationms. ({14 30
53 71 210 No notations. 75 3¢
83 68 235 Deformation of sleeves to the extent of 1 mm,
and sticking of piston rings. 15 35

It follows from Table 6 that when GAZ-21 engines are in good technologica!
~ondition, the maximum oil burning and gas blow-by do not exceed 70 g/hr and
30 1./min, respectively.

B

In Table 7 the minimum and maximum values of oil burning and zas blow-by

for 30 eagines of types M-2G, GAZ-51, GAZ-12, and GAZ-21 in good technological
condition are given; these values were determined dy taking the speed character-
istics, ?y micccmetry, and by visual inspection of the engine parts. The indi-
ces of cil burning and gas blow-by were determined under laboratory conditiens
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with ciosed crankcase ventilation systems, under the sets of conditions of
Table 5, with the engines using "Industrial-50" oil.

0il consumption tests were conducted on the same engine models under high-
way testing with various road conditions and varied vehicle speeds, The service
miieage on the vehicles at the time was from 3 to 25x103 k. The tests yielded
the following average values of oil consumption rate due to burning: for M-20
engines, 42-55 g/100 km; for GAZ-S1 engines, 120-180 g/100 km; for GAZ-12,
130-20C g/100 km; and fov GAZ-21, 35-80 g/i00 km.

In subsequent testing the technological condition of 211 these engines was
found ¢to be completely satisfactory: the maximum cylinder wear in them did not
exceed 0.07 mm, and the maxirum clearance in the scarf joints of the piston
rings was not abuve 1.5 =m.

It should be noted thar it did not seem possible in the research to estab-
lish a regular relationship between the high or low values of the indices of oil
consumption from Table 7 and the state of wear of the cylinders and piston rings,
in the range of values given. Thus. when premature wear of the cylinders in two
M-20 engines and thres GAZ-12 engines wus artificislly induced to the extent of
up to 0.05 - 0.07 mm, ths average rate of 0il consumption, under the previously
adopted sets of conditions, practically did not change in relation to the initial
indices, not exceeding 75 - [sic] 180 g/hr, respectively.

Table 7.
. Engi?e model
Parameter studied Z:E-gg gKE-gé GAz-12  GAZ-21
0il burnin;, g/hr 30 - ¢ 120 - 180 130 - 200 25 - 75
0il purning, g/100 kn 40 - 120 130 - 18C 150 - 230 30 - 110
fas blow-by, 1./min 25 - 30 40 - 8O 45 - 52 20 - 30

The values of gas blow-bv around the piston rings here, however, were at the
uppzer limit of the values in Table 7, reaching 30 and 5C 1./min, respectively.

Extreme wear of cylinders and piston rings was sccompanied by a sharp rise in
the average indices of oil burning, reaching 300-350 g/106 km on M-20 engines, and
Su0 3/190 ke on GAZ-12 engines, with cylinder wear up to 0.1 m=.

Therefcre, the evaluation of the cechnolegical condition of an engine may
bz based on the rate of cil consumpticn only in conjunction with the indices of
gas blow-by arcund the wpiston rings.

Zven then, such z method of evaluation cannot be assumed tc bz error-free,
since 2 large number of initial parameters cver and above the new faciors involved
in the operating conditioms affect the indices of oil buriing and gas blow-by.
Thus, decrezse of the open ¢rass secticn of the openings in the lower piston
grooves underncath the piston rings due to resinification can increase the aver-
age oil consumption rsta by 10-15%; this rises substantially in the event of
attrition of the guide bushings and valves as a result of sticking of the pisten
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rings, etc.

Thus, the values of the indices of oil burning and gas blow-by given in
Table 7 can be taken as approximate criteria for evaluating the overall techne-
logical condition of M-20, GAZ-51, GAZ-12, and GAZ-21 engines and their various
medifications. Since under actual service conditions an engine mainly operates
with the carburetor throttied down, the actuzl indices of 0il burning and gas
biow-ty are usually much lower than the permissible values given.

High o0il consumption in the initial period of service of an engine may
arise as a result of the process of rumning-in of the parts being drawn out.

The stated method of evaluating the technological condition of motor vehicle
engines obviously does not exhaust all possibilities in this direction; however,
despite its approximate nature, it is admittedly the most objective and efficient
method.

Other existing methods may be used in conjunction with evaluation from oil
burning and gas blow-by. For example, the method of determining the technolog-
ical condition of an engine from the drop in effective power and the rise in
fuel consumption -- while it is very suitable in the period of the onset of pro-
gressive, or catastrophic, wear -- without simultaneous use of the method of
evaluation from oil burning and gas blow-by can lead to erroneous conclusions.
Ervors are likely because a drop in power and an increase in fuel consumption
are possible not only as a result of wear and tear of parts and fitted assemblies,
but also as a result of defects in the carburetor and distributor, and for other
reasons.

In the practice of vehicle operation, very frequently the conditicn of the
engine is evaluated according to the noise during operation. This is a subjective
method, due to the individual talents of the different practitioners. On the
other hand, the way acoustic equipment is being invented, great promise is
afforded in this direction.
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Chapter III

Characteristic Features of
Oparation and Wear of Engines

Heat Straining of Automotive Engine Parts

The problesm of increasing motor vehicle engine life cannot be solved in
isolation from a2 number of questions connected with thermal conditions of the
engines and heat straining of the main parts. The nusher of investigations of
various types which have besn carried out in this area is exiremely larges, How-
ever, because there is neither a perfected msthodology nor sufficiently accurate
apparatus, generalizstion of these eiforts presents appreciable difficulties and
does not always give complstely ohjective resulis,

The complexity of this prcblem has been aggravated by the fact that until
the present therse have been no sufficiently relizble methods of calculation and
thearetical investigation of heat transfer and thermal straining of parts.

Heat straining of an engine is governed by the heat fluxes through its parts.
It deperds on the quantity of heat produced, distribution, and the amount of heat
corducted avay from the paris into the cooling medium. In the present work, only
that part of the question is dealt with which involves the distribution of heat
fluxes over thermally stressad surfaces of certain crucial engine parts.

In recent years a nmuzber of ressarch reports have been davoted to this
quesiion, making it possible to ascertain the relation between the thermal con-
ditions in various engine =odels and the coefficient of excess air, the spark
advance arngle, and othsr factors., Thus, it was deterzined that the charscter of
the tempsrature variation in pistons and valves as a function of the coefficiant
of excess air o€ 3Is the same for all engines, and the maximum temperature st
full loeding corresponds to that mixturs composition which guarantees the highast
rate of combustion and the highest average indicated pressure,

It was aiso determinsd that the lowest perts temperature corresponds —-
other conditions being equal -~ to the most efficient spark advance; that the
tseperaiure of the cylinder heads and pistons incrsases linearly with increasing
speed, etc,
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The average working temperatures of the separate parts were determined:
cylinder walls, up to 100°C; intake valves, 150 ~ 250°; exhaust valves, 600 -

. 8409; cast iron pistons, over 400C; alumirum pistons, around 250°; and elsc-
tronic sic , around 220°C,

Research reports published in recent years dealing with thermal strain-
ing of motor vehicle engine parts, performed at the Scientific Research Insti-
tute of Motor Vehicles and Hotors of the NAMI [ Central Scientific Re-
search institute of Motor Vehicles and Motars], are of esvecial interest.

The variety of experimental conditions and means of measuring temperature
often causes substantial disagreement in the results, other conditions being
equal, and thus does not always provide a sufficient background for theoretical

-~ generalization. Accordingly, any additional information in this area is both
useful and necessary for domestic motor vehicle engine production,

The above served as the nmotivation for the mentioned studies of operating
temperatures c¢f cylinder walls, pistons, main crankshaft bearings, camshaft
bearings, velves, and valve gulde bushings of various models of engines froa
the Gorki Motor Vehicle Plant ("GAZ"™) and the Zavolzhsk Motor Plant. This work

~ was carried cut at the Central Scientific Research Laboratory for Engines &t the
GAZ by the author, in collaboration with the engineer A, P, Yegorovsa.

B

It is well known that in engines with water cooling the maxismum temperature
of the cylinder surface is in rare cases 200°C, btut the nonuniformity of the
temperaturs fisld in these cases 1s very high. Thus, in measuring the operating
{temperature of cylinders of GAZ-51 engines, s sharp increase in tempersture in
the reglion opposite the valves was recorded. At full loading and 2500 mb it
reached 130 - 140°C; and in the dismetrically opposite direction, 80 - 100°C. In
the lower part of the cylinders the temperature under the same conditions was be-
tween 70° and 115°C. A substantially less nonuniform temperature field was noted
in "wet' cylinder slesves of GAZ-21 engines on "Volga™ automobiles. Thus, the
investigatar B. A. Vzorov found that the maximum temperature in the upper region

of the sleeve of the first cylinder, with a Nirezist insert, is 180°C. with a
temperature fluctuation arourd the sleeve of not over 107C.
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In the saze part of the sleeve of thg second cylirder on the side of the in-
take manifold the temperature reached 205 C, which is explained by the formation
of a vapor pocket. The vertical temperature difference along the slesve between
the two stationary points of the upper piston ring was around 30°C., These studies
of temperature variation used cylinder slesves of two engine modifications:
GAZ-21A with compressior ratio 6.7:1 and with a gasoline octane number of 70; and
GAZ-21D with compression ratioc 7.5i:1 and octane nuaber not below 90.
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The method of measuremsnt amounted to recording the temperature with Chromel-
Copel thermocouples with wire diarmeter 0.6 me. Temperature was measured on all
cylinders from the intake manifold side and the opposite side at distances of
13.65 and 105 mm from the uppir flat surface of the engine block, The hot junction
of sach thermocoupie was imsialied ai & disiance of 0.5 to 1,0 am from the fric-
tion surface and made fast by a method of acidless soldering (Fig. 1),
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Fig, 11, Arrangement of Thermocoupless

a -- attachaent and sealing of thermoccuples

in "wet™ cylinder sleeves in GAZ-21 engines

b -- arrangement of thermocouples along
height of cylinder.

In the recording of the temperature characteristics a portable type FP
potentiometer was used, During the tests the oil temperaturs in the crankcase
was held within the limits of 70 and 95°C, and the ocutlet water between 75 and
80°, In studying the influence of operating conditions on ths temperature of
the cylinder sleeves the temperature characteristics were taken at idle and also
with the sngins working at full load at 1500, 2000, 2500, 3000, and 3500 rp=.
The curves (Fig. 12) indicate that the loading has the greatest effect on the
increase of temperature in cylinder sleeves. A relatively even distribution of
temperature among the several cylinders was noted in the tests, with maxisum
temperatures around 160°C in the upper zones of the cylinder sleeves, in which
respect the GAZ-21 engine models compere favorably to the flathead GAZ models,

Significant advantages were noted also in the uniformity of the tsmperature
distribution around and vertically along the slesves, Thus, in operating the
GAZ-21 engine at full loui and 3500 rpm the maximum temperature variation around
the sleeve was not over 28°C, and vertically not over 65°C, From the studies
the effect on cylinder temperawire . ~ spark advance angle, increased compression
ratio, and operation of the engine vith knocking were determined, In the latter
case & sharp increase in temperature in the upper region of the cylinders was
noted.

The study of the operating temperature field in the piston has acquired
pariicular significance in recent years in connection with the increased freguen-
¢y of cases of piston burn-tlrough in contemporary high-performance vehicle
engines, The greatest number of measureasnts of temperature in pistons has been
msde with the aid of a multipronged contact current tap of the NAMI design, which
gives a temperature reading about 10% higher than with a sliding contact current
tap,.

Generalization of the atudies carried ocut in this direction indicated that:
a) in present-day carbureted engines with water cooling the operating tempera-
ture at the center of the piston hsad is sithin the 1limits of 250 - 300°C,
at the edge of ths piston head 220 ~ 280 C, in the region below the piston
rings 130 - 150°C, and in the lower part of the piston skirt 100 - 1100C;
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Fig. 12. Bffect of RPM's, iLoading, and Spark Advance Angle on
Temperature of Cylinder Slesves in GAZ-21A and GAZ~-21D Engines,
under Various Conditions of Operation: -+~ idling; —x- heavy
ioad put on GAZ-21A engine at n = 2,060 rme; -"- varying spark
advance angle on GAZ-21D engine, at n=2,500 rpm; —GAZ-21A engine
at full load; --- GAZ-21D engine at full lcad; -+- GAZ-21D engine
with knocking.

b) for cast iron pistons in ihese same engine types the terperature rises in
the center of the piston head by sdout 100°C, at the edge of the piston head
by 40 - 50°C, apd elsswhere by 5 - 10°C;

¢) in air-cooled carburete: engines the tezperature of all zones of the piston
is substant. 41y higher <hss in vitar-cooled engines; thus, the temperature
of the center of the pistor Lead for pistons made of aluminu= alloys
reaches 330 - 350°C, and for pistons made of cast irom 420 - 420°C;

d) for diesels with pistons made of aluainmux alloys the tezperature at the
center of the piston head, with direct fuel injection, is 250-280°, at the
odge of the piston head 180 - 200°C, in the area below the piston rings
130 - 140°C, and in the lower part of the skirt 3100 - 1109C., With the
prechasber design, the temperature of the pistons is substsntially higher;
in the center of the piston head it reaches 380 - 400°C;

e) in diesels with cast ircn pisions oven highsr temperatures occur; with
rechazber heads, these reach 450°C in the cenier of the working face of
the piston and 350 - 400°C at the edge,
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Fig. 13, Diagraz of Multipronged Current Tap with Type PP Cozpensating Foten-
icmester:
1,2,3 == srrangeaent of hot thermocouple junctions in piston; 4 --
8liding contact current tap shoc, fastened to piston; § -- collecting

shoe, fastened to engine blocky 6 -— thermocouple switchy 7 --
coepenssting device,
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The main experimental pari of this stage of ressarch was to be the study of
thermal straining of the pistons of GAZ-21A and GAZ-21D sngines., 3Spring contact
curreat taps designed by the Central Scieatific Ressarch Institute of Diesels
{TsNIDI], sliding contact current taps, and a multipronged contact device devel-
oped at the NAMI were tesied with the aim of finding the best meihod of tempera-
ture measurezent., The latier device turned out to be the most relisble.
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The teaperature of the piston was recorded with Chromsl-Copel thermocouples
with wire diasster 0.3 ma. The hot junctions of the thermocouples were installed
0.5 =0 1.0 =a from the surface., The piston contact in this was zade from 2
thernoeloctirode material in the form of a sharp pin which s1id along ths line of
the 2o0ils of a winding as the piston approached *bottom dead center®,
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The design of the device alsu involves current-tap and collecting textolite
shoes, the first of which is installsd in the piston bosses, and the second ir
the cylinder biock.

The mnltirronged current tap ylelds a discontinuous current in the thermo-

couple circuit, An electronic oscillograph, displaying the amplitudes of the
current pulses, was ussd as a mull indicstor.
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The main objects of study ware GAZ-2iA and GAZ-21D engines with K-22 and
¥-105 carburetors, During the tests the iexperatures of the crankcase oil and
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= the water leaving the sngine were maintained within the limits of 70 - 95°C and *
- 75 - 80°C, respectively.

. . The temperature characteristics of engines at the center and at the edge

= cs the piston head are plotted in Fig, i4. It was found that under normal burn-
ing of the fuel mixture, the form of the temperature increase of the piston fol-
= i lows ths curve of sffective power, and like it has a bending point at 3500

= crankshaft rpm, The maximum tezpsrature for all modifications of the GAZ-21 en-

gine in the center of the piston head was not over 300°C, at the edge of the

- piston head it was about 250 ~ 275°C, underneath the upper compressioa ring
= 190 - 220°C, and on the piston skirt around 100°C, These data froa the center
£ and edge of the piston head differ little from the results of Zests carried cut
= at the NHAMI.
a
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Fig. 14, Effect of Various Factors and Para=esters on Pision Temperature: E
= a -~ effect of rp=, power cutput, and cospression ratio
on piston terperaiure in GAZ-2i and GAZ-2iD engines:
1,2,3 — texperzture =easured at center of working face of :
= piston, at edge of working face, and under 2nd compres-
= sicn ring, respectively: E
3 — GAZ-21A [sic] engine; --- GAZ-21D engine g
b — effect of sperk advance angle, knocking, and increased i
load at constent rpm, on piston iexperzture in GAZ-21A engine:
= — nox=2] engine operationy --- rk advanced by 159; f
-x~ strong kpocking; -+- increassd locad; -++«- increasasd

load plus spark advanced by 139,
EKey: & =~ Effective hp; » = rpm; < = % of open inrotile.
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In the tests a sharp increase of temperature was noted under knocking con-
ditions of mixture combustion, The temperature of the center of the piston
head under these conditions reached 320 - 330°C at 2500 - 3000 rpm. Substan-
tial temperature increases in the piston were also recarded with progressive
opening of the throttle valve and with incresses in the spark advance angle 1z
the tests. These studies confirmed that the burn-through of pistons in GAZ-2iD
engines which has occurred in the past is connected with knocking in the burn-
ing mixture at compression ratios inappropriats to the octane number of the
gasolines used,

In this, under the effact of high texperatures, the start of burn-through
of the pistons precedes appreciable lowering of the hardness of the copper-sili-
con alloy used in the pistons. Special high-silicon Silumin, containing 11-13%
Si, was introduced in the production process as a mors heat-resistant and haxd
alloy for pistons,

The temperature field in the bearings of the crankshaft has interested re-
searchers for many years now, from the point of view of seeking ways of prolong-
ing the service time of inserts and increesing their resistance to the spailling
and chipping of the working layer. Thus, accordizxg to research data, the lower-
ing of the teaperature of tLearings froe 160 to 100“C increases the operating
1life of inserts without the appearance of cracks by a factor of over 7 iimes,

The current research into temperaturse fieids of bearings is a coni muation
of research carried ocut at the ¥oscow Technical College imeni Bauman., Compara-
tive studies were carriad out on 2 standard GAZ-20 and GAZ-21 engines. The
tezperatures of the inserts were measursd with Chromel-Copel thermocouples with
the heads of the junctions 2 == in diamster. The thermocouples were 0.5 ==z away
from the friction surfaces, and were axrangsd as shown in Pig. 15.

e A -e-l
A

GAZ-20 GAZ-214

Fig. 15, Arrangezent of Thermocouples for Hsasuring Tesparature
of Kain Crankshafi Searing Inserts iz GAZ-20 and GAZ-2ii
&gﬁies.
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The thermocouples were fastened in and sealed by the method of acidless
soldering, with tin solder. The thermocouple leade from the main bearings were
trought out tarcugh the juncture between the engine block and the oil pan,

The tenperature of the oil going to the main bearings was measured by &
thermocouple which was nmounted in the o0il passage., The temperature of the middle
layers of i1 in the oil pan wes also dstermined with a thermocouple. All the
thermoccuples were connected to a PNT-20 selector switch, and further to a ¥MFB-46
zillivolteeter,

The temperature cheracteristics wers taken at idle and urder 1005 loed over
& wide rpm range. When the testing was under a lcad the temperature of the cool-
ing water at 2000 rpm in the ¥-20 engine was within the limits of 70 - 759C, and
in the GAZ-21A engire within 68 - 70°C; and the oil temperatures in the oil pans
¢id not exceed 80 - 95°C [sic, respectively. This difference in weter aad ofl
fenperatures is connected with deslign features of the engine =odels which were
tested, In Pig, 16 the temperature distribution alesng the diamsier [sic] of the ist
main bearings, which reflects the Infiuence of rpa, loading, and other parametors
inclveding 03l viscosity, is plotied., The curves indicate that the speed has the
greatest effect on increasing the {emperature of the baarings. In this regard,
uniger the test comditions 2 high temperature in the zmain bsarings of the GAZ-21
enginz was noted in com..rison with that of tha GAZ-20.

Fig, 16, Distribition of Tenperatures alcng the Diameter I{sicl of the

Bearings, Relalive io Varicus Faclors and Paramsisrs:

a -- eifect of engine rpm and loading on tempersture of main

beerirgss
— al idde, GAZ-¥20 engine; -— 100% load, GAZ-¥20 engine;
-+- al idje, GAZ-2]1 enginey =-++- 100% load, GAZ-21 engine;

b — effect of oil pressure and viscosity, and of graphite addi-~

tive, oo temperature of zain bearings:

— oil with & VWsp viscosity of 6; --—— 2i1 with a Yigg
viscosity of 3; =+- 2% grzphite 2dditive; -s+- oil pressure

increassd by 1 kg/e=2,
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Thus, tho saxi=un temperature in the GAZ-21 engine at 1005 load and 3500
D was cver 150°C, while in the GAZ-20 engine the temperature of the bearings
did not exceed i30°C. Ixn addition, the temperature is more evenly distributed
circusfarentialliy arcuné the bearings in the GAZ-20 engine than in ths GAZ-21g
this is explained by the high stability of the orerat: ig clearances in the bear-
ings of the formex. By znalysis cf the teaperaturs characteristics the zones of
maxizmum overheating, located on the walis of the inserts (on the right side in
the direction of rotation of the crankshaft) and in the lower space, were found.
The observed 7 - 10°C temperature increase at the jolats of the inserts in the
GAZ-21 engine, and 3°C in the GAZ-20 engine is explzined by the phenorenon of
defarmation of ths main bsaring covers.

The 4 - 59C temperature difference tetween upper aad lower inserts is evi-
dently a consequence of binding of the friction surfaces of the lower insert and
the crankshaft journal. Despite the uniforaity of the temperature of the oil
entering the oil headers of the engine, the teaperature of the oil going to dif-
ferent bearings differs, In the M-20 engine the highest tempersture oil was
that entering the second and third bearings; in the GAZ-2iA, that entering the
third bearing., Tesis showed that there is a rather iarges tesperature increazse
when engines are opsrated on high viscosity oil, This is evidence that lowx vis-
cosity oil has bstter cooling propertiss. A 2% addition Of colloidal graphite
preparaticn to "industrial-50” oil has an eifect on the temperature of the bear-
ings. The presence of this preparation in the 0ill substantisliy lowers the
teaperature, In addition, the positive effect of increased oll pressure in the
engine cystaa was noted,

¥ith the ai=z of =making a rough determination of tha rsal operating temper-
ature conditions in the main bearings of the engine, tazpsrature characteristics
were taken under conditions of vehicie service, with throttle variation at 2000
rpm. These tests showed that the iemperature of the bearings increases as the
throttle valve is opened, the constancy of the rpe notwithstaniing,

In addition, the texparature of the bearings was measured during engire
operation under a combination of comditions with various angles of throttle open-
ing, at idle ard under lozds, with rpm varying over the range of 1300 - 3500. In
these tests the paximwa temperature of ths bearings did not excesd 93°C in either
engine., Fro= a determination of bearing teaperature arising directly frem turn-
ing friction it was established that, other things belng equal, this teapercture
is nearly the saze as that in engires operaiing or gascline,

The stodies showed that, under identical seis of test conditions, the tem-
perature of bearings apd crankczss oil in 8 GAZ-21 engine is 10 - 15°C nigher
at low rpm and 20 - 30°C at high rpx, in com.xrison to an ¥-20 engine, Addition-
al studles 2lso showed that heat straining of the camshafi bearings in = GAZ-21
engine is high in coxpariscon to a GAZ-20. 3t is well known that wiih increasing
tempearature bebbit substantially decreases in hardness and suffers deterigraltics
of its mechanical proparties, Thus, whcn teapsrature increasss frer 100° to
150°C the hardness of bebbit falls froe Hb {Erinall] = 5.93 to Hb = 4,52, These
dats, in combination with mrevicusly given informatisn, indicated that it is nec-
;s&xstot:? zew meterials for inserts, end thay nes zesns x:st be sought of
owering the operating temperature of bearings. The first %as8 50;
Sovist xotor vehicle plants by changing f‘rﬁée teliariue i:‘zlii a?;ds;;:arlig
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to the antimony alloy S0S-£-6, which is more resistant to fatigue deformation
and the action of high temperature. The second problem has not yet been solved,
but the research which has beep accomplished permits the recommendation that ths
01l pressure be raised in the engine system and that colloidal graphite prepara-
tion be added to the oil. Lowering the viscosity of the oil, which has a posi-
tive effect on the process of running-in, can be recommended only to the point
of accumilation of perceptible wear in the fitted parts of the engine,

The sxhavust valves are ancther part of the vehicle engine which is heavily
loaded thermally: they operate subject to active corrosive media in the exhaust
gases, and high frequency pulszting loads., In service the siems and heads of the
valves become coversd with carbon deposits, the thermal conductivity of which is

30 - 50 times less than that of cast iron or steel, thus aggravating the already
severe conditions of operation of these parts.

There have been a large number of research reports dealing with the measure-

ment and analysis of operating temperatures of exhaust valves., From the general-
ized resulis of research, the temperature of exhaust valves in truck engines
with compression ignition lies within the limits of 760 - 800°C, in high power
carbureted iruck engines 800 - 840°C, and in automobile engines 60C - 750 C.
For a 700°C maxisun temperature in the center of the valvg head of an automobile
engine, awvay from the outer surface this decreases to 630~, at the seat to 620°,
in the radius zone from the head to the stem it again rises to 700°, and in the
upper part of the stem it is 560°C,

In a namber of studies the dependence of valve temperature on a number of
factcars and parareters has been established: +these include the coefficient of
sxcess alr, the compression ratio, rpm, loading, etc.

There are several well known methods of measuring valve temperature, but the
zost precise is the use of thermocouples. In the present research a 2-wire
thermocouple was used which allowed measuring the teamperature in the center of
the valve head (Fig. 17). The thermocouple was made of Chromel and Alumel wires
of ciameter C.5 mm, and passed through an opening drilled completely througnh the
valve stem and capped off at ths valve head end, The thermoelectrodes were in-
sulated free the body of the valve by 8 double-channel porcelain tube 2,7 mm in
diapeter. The hot junction of the thermocouple was protected by a metal cup.

The wire from the thermocouple passed through a hole in the valve wall into the

valve coapartment, and further {o the terminal of the recoxrding device, a type
¥P compensating potantiometier,

All the .sats were conducted on GAZ-21D, GAZ-51, and GAZ-13 cngines., The
temperature characierisiics of the GAZ-21D engine with a cozpression ratio of
7.311 and a maximur power of 70 hp were taken on eech cylinder alternaiely,
using ¢ne thermocouple, at full lcad and at rpm varisd from 2000 tc 4000 at

intervals of 500 rpm, Gasoline with an octane mumber of 90 was ussd. The

results of th: tests, given in Fig, 18, showed that as rp= increases at full
loed the temperaiure of the exhsust valves risss from 560 to ?750°C in the first
cylinder, froa 73 to 780°% in the second, from 676 to 801° in the third, and
to 780°C in the fourth cylinder.
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The higher temperatures of the valves in the middle cylinders 1s a conse-
quence of the uneven distribution of fuel mixture among the cylinders, and the
comparatively low temperature of the valve in the first cylinder is due to more
intensive cooling. In operation under conditions of knocking, the valve temper-~
atures sharply incroase,

The temperature characteristics of the GAZ-13 engine were taken under the
same conditions as were those of the GAZ~-21D, The tests showed that in engine
operation under full load with a normal clearance between the valve and the
rocker arm, the temperature of the center of the head of the exhaust valve in-
creases on the average from £35° to 780°C when rpm is increased from 2000 to
4000, If the valves do not seal the valve head temperature reaches 870°C.

From observations of engines testad in lengthy test stand and road tests it was
established that burn-through of the valves precedes & decrease in the gap be-
tween valve and rocker arm.

In a GAZ-51 engine temperature was measured in the exhaust valves of the
first, third, and sixth cylinders at 1800, 2500, 2800, 3200, and 3500 rpm at full
load and with the rpm-governor open., It was found that the valve temperature
‘rises on the average from 650° to 800°C as rpm is increased from the lowest of
these values to the highest, Thus, the exhaust valves of the 6-cylinder engine
CAZ~51 are subjected to the highest temperatures of all, which is explained by
inferior cooling and by blocking of the water Jjacket in the casting of the cylin-
der blocks, A number of measures have been introduced to increase the heat-resis-
tance of the valves in GAZ and ZMZ engines. The valve guide bushings on 24 models of
flathead GAZ-20, GAZ~51, and GAZ-12 engines vere subjected to temperature varia-
tion. The xeasuremente were mads at the upper part of the bushings where they
emerge from the body of the cylinder block. Chromel-Copel and platinum-(platinum-
rhedium) thermocouples were used, The tests were conducted at 1000 and 2000 rpm
at idle, and 2000 rpm under full loed. Under the high load and high speed engine
operating conditions a sharp increese in the temperature of the upper zone of the
guide bushings was noted; likewise for the temperature of the gases in the ex-
haust manifold. The maximum temperasture recorded at 100% loading was around
500°C for the GAZ~20 engine, a 1little over 450°C for the GAZ-12, and around 415°C
for the GAZ-51. The temperature differences in the guide bushings among the cyl-
inders wexre affected by the nonunifarmity of cooling, differences in the fitted
clearances between the bushings and the valves, nonuniformity of the distribution
of the fuel mixture among the cylinders, and other factors,

Deformation of Certaln Parts of Automctive Engines

A number of design and technological requirements to guarantee durability,
wear resistance, maintainability, and repairability are applied to parts of auto-
motive engines. In addition, under conditions of continuous mass production in
the manufacture of engine parts, minimum weight of the part, superior processing
and machining properties, and minimally expensive methods are specified. At the
sane time, suffiolent attention has not always been paid -- until the present --
in the designing and manufacture of engines to the pussible development of deform-
ations in the parts; such deformations to a large determine the subsequent life
time of models of a given design.
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Fig. 17. Diagram of Installation of lhermo- at Ful? Load:
couple in Exhaust Valve: l--vinyl -« 1332-21 engine operated
chloride sheath; 2--ceramic double- with knocking.

channel tube; I- -metal cup; 4--hot
junction of thermccouple; 3,6--plugs

This situation is particulariy the care with =uch complicered paris as
cylinder blocks. Conditions resulting from deforzstion cof cylimder tlocks io-
clude non-perpendicularity of cylinder zxes (wilnin ths longitudinal piane of
the block) away froam the nominal position, “isturbence of ihe spacing and paral-
lelness of the axes of the cranxshaft, dovistions From coaxial silgnment and
froa circular shape of the cpenings in the msin crankshaft bearing piliov
blocks, non-planarity of the uppsr and lcwer surfaces of ihe erngine hlock, non-
perpendicularity of the front and rsar faces of the engine black io ihe axis of
the crankshaft, nacroscopic deformation of the cylinders with respect to thalr
axes as well as in the rzdisl direction, alc, These and othe: deviations aprear
usually not following machining, ut substantially iater: either during engine
operation or after long storage of the engins btlock,

In many cases deviations of this type have a greater effact on shortening
the service life of the engine before major overhauni than corzasive or akrasive
wear arising under service conditions. For exazple, 2 high initizl ovality of
the cylinders causes the gases to pass ihrough irio the crankcasz of the englns,
in turn disturbing the heat telance, incrassing the temperat :xe cf the piston
and piston ring, and btreaking the oil film. Substartisl blow-ty of ga3es is
accompanied by progessive wear, galling of the metal, and sonatines ccoring,
selzing, ard catchiag of tha parts, or complete treakdown of ihe engine. Oval-
ity of the cylirders or c¢ylinder slesves is in al)l cases & consequence of defor-
mation, vhether this arises in the separated astate, in enginc assembly, as a
result of uneven lcading, or from the actlion of gae rressurs anl inertisl forcese,

Under actual sengine service conaitions ovality of cylinders can alsos arise
from cavitation damage of thelr cuter surfacez or from the deposition of scale

X Fig. 18. Temperature of Exhaust Valves
},‘é of GAZ-51, GAZ-Zi, and GAZ-13

{‘::lg‘wtél = Erngines s Functicus of RPH,
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in the gars of the fitted zones cf the sleeva in the block, Not the least harm-
ful factor in engine 1life is deformation of cylindsr blocks, resulting in e lack

of coaxial alignment in the openings of the main pillow blocks of the crankshaft.

This non-coaxial alignment results from the deformation of the cylinder block in

the vertical longitudinal plane, Ip msasurements formerly msade on over 50 new
cylinder blocks of GAZ-5§ englnes at the Gorki Motor Vehicle Plant fclloxing
lengthy storage, it was established that the maximum nonalignment is 0.008 mm
for the seccnd and 0,058 mm for the third opening, with = tolerance [sicl of
30,02 sm, In GAZ-51 engines taken cut for major overhaul, the maximum value of
coaxial nonalignment of the main pillow blocks soxetimes reaches 0-i5 mm and
higher.

As 3 result of this type of deformation the deflection of the axis of the
openings of the main bearings is directed upward, as are the uppsr and lower
fuces of the cylinder block. Ccnsequences of thes ccaxial nonalignment of the
cpenings of the main pillow blocks are premature breakdown of the crankshaft
and musstantial shortening of iis sexvice life after regrinding the bearings and
replacing ins besring inserts, It should be noted that one of the main reasons
for ihe vhort 31ife of angines which tave undergona major ovarhaul in compariscn
with new engines s the abseuce in most vehicie overhsul enterprices of test
wrscedures for the cosrial nonalignment of ths openings in the main pillow blocks
in the aviinder block efter the [re-lboring operation. When the openings of the
main pillow blocks are bored theixr coarial alignment is restored, but since de-
forred ond surfaces of the block serve as the basis for this opsration, as doss
the lower face of the block in the boring of cylinders, the perpendicularity of
the cylinder axes to the axis of the crankshaft suffers,

The dsformation of cylinder blocks, as well as -~ incldentally —— other
engine parts, occours as 2 result of internal and externel stresses. A so-called
interpal stress is one which is present in the part when no sxtarnal forces are
acting. If such a forcs rem2ins in the part after removal of external influ-
znces, far example, healing or ceoling, it is called residual. Such stresses
can arise a5 8 result cf internal transformations which vary over the vclume of
the part, cor of nanmuniform plastic dsformation, which leads to ronunifore resid-
ual lineer or oculk changes. Resldual stresses ars of three types: equilibrated
within macrovolumes of the pert and having an oriented direction; equilibrated
Wwithin the liwmits of small volumes, and disoriented in direction; and equili-
trated within the limits of ihe crystsl iattice., For cast iron parts the mein
type of residual stress is the first type. This gives rise to shrinking of the
metal, which is further deperdent on thermal and mechanical factors.,

Sc-callad external stresses are those which arise in parts under the infiu-
ence of external loads, elther mechanical or thermal.

Fechanical loads appear in machining, assembly, and operation under service
conditions., Termperature loading also occurs in service; the most dangerous typs
involves differsnces in temperature drop under unsteady conditions of operation,
mainly under conditions of cold starts of the engire.

Deformaticn of parts can be =easured by nicrometry, the method of artificial

datur points -- or incised holes —— or by evaluating the aagnitude of the resid-
ual foarces which arise. In the latter case physical and mechanical methods are
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used which are tased on tne formation of cracks in tue surfaces of the part as

a result of etching it with a special reagent, The X-ray method is very wide-
spread, The method of magnestic anisotropy finds application. The tensometric
[sicl method, which allows both static and dynamic observations of parts of ar-
bitrary shape, has found increasingly wider application in recent ysars for the
measurensnt of residual siresses and deformation. With the aid of teusoxzetry a
few ressarchers have found the relatilon betwesn deformaticn of the cylinder
sleeve and gas pressure and rom, and the effect of these perameters upon stresses
in the cheeks of crankshaft, msde a more precise determinaticn of stresses in

the connecting rods, and studied the effact of deformation of the main pillow
blocks on deformations of the shape of the gain besarings. g

= In this section the experience of the Gorki Motor Vehicle Plant in studying e
= the deformation of cyvlinders, cylinder sieaves, and connecting rods in autozotive

engines will be discussed. The investigations were carried cut under tsst stand
conditions on the sngines, with evaluation of the deformation by the famillar
zicrometry and tensometry, as weil as by the method of incised holes., In some E
of the tests the deformation was evaluated from the variation in oil buraing and =
4as blow-by expreseed by the average of the results of 4-hr test stand tesis of E
the engines, g

In teats of CAZ-69, CAZ-51, and GAZ-12 engines and their modifications it
was establishad that blocks of E~cyviinder engines were mcre subject to deforma-
tion because their casting configuration is mors complex and they are less
3 rigid than the btlocks of b-cylinder engines. The deformation arises primerily £
= from redistribution of the residual internal stresses in the castings during the
= process of mechanical machining, s vell as under the influence of mechanical
o and thermal loads during assexbly ard operation of the engine, These deformations
bring about a2 substantlal ovalization of the upper zone of the cyliinders, with
the maximum ovality being in the direction of the wrist pin., This sort of oval
configuration is connected with the design properties and the distributiorn of
metal in blocks in flathead engines,

In Table 8 values are given of the maximum ovality of the upper part of
the cylinders of 6-cylinder and 4-cylinder engines which have undergone microm-
eiry after completion of various mechanical operations and engine block assem-
bly, and in the process of heaiirg the blocks to 80°C. The measuremenis per-
tain to the geometry of the cylinders afier thay have been honed, =

AR o A bt PR

often axceeded, causing increazsed oill burning and gas blow-by, The increase in =
these indices leads to severe disturbance of the thermal operating conditiocas

E =
E The deformation values in the Table add in soze cases and in others mutual- 5%
= ly cancel; oversil, cylinders in =z normal environment acquire an ovality of up 5
= to 0,05 mm for 6-cylinder engines, and up to C.03 == for 4-cylinder engine =
2 blocks. Thus, tne 0,025 zz maxizum ovality specified in the design drawings is E

of the engins, to drying of the oil film, the appearance of scoring, and inten- E
sification of the wear of cy>inders and piston rings. E

In many casee an jnitial cylinder ovaliiy of over 0,25 mm shortens the
sexvice 1life of the ergine by aore than 1.5 - 2 timss, since the process of
ovalization tends to grogress. To a large degree this is the result of uneven
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cooling of the cylinders under service conditions, which in turn is caused by
varying wall thickness and the presence of casting skin in the passages of the
water jacket., A certain, however small, lowering of the deforpztion of cylin-
ders has been achieved ir recent years at the Gorkil Motor Yehicle Plant by ia-
proverent of the tachnology of producing castings., Substantial izprovement can
be obtained through natural aging of the stock for the engine blocks, or, even
better, furnace annealing at 600 - 625°C. The latter promotes a partial re-
lieving of the internel stresses in the metal and an increase in the subseguent
stabllity of the gemmetric parameters of the cylinders; this wss confirmed by
studies of 40 6-cylinder biocks, in which it was established that natural aging
of the stock decreases ovalization of the cylinders by 30 - 355. Experience in
manufacturing 6-cylinder blocks at the Gorki Motor Vehicle Flant also showed
that the final finishing of ithe cylinders should be the final operation. This
substantially decrsaszes thz probabiliiy of subsequent distortion of the geomet-
rical paraaeters of the cylinders.

Ta.ble 8n
Name of operation after which measurements Ovality of cylinders, ==
were taken 6-cyl. 4-cyl,
block tlock
Preliminary machining of main bearing pillow blocks 0.4 0.01
¥iachining of the openings under the oil pump and
distributor 0.03 0.01
Final machining of cylinder block 0.02 0.01
Screwing-on of the head cover studs 0.02 0.02
Screwing-on of the studs under the intake and
exhaust pipes 0.02 0.G1
Mounting and tightening of the intake and exhaust
pipes 0.02 0.01
Mounting and tightening of the cylinder head 0,02 0.C1
Stamping of engine numbers on cylinder block - C.02 0.01
Heating of block from 18° to 80°C 0.0% 0.02

In research or engines mamfactured at the ZMZ it was fourd that during
their operation ovality of the sleeves arises with the major axis of the oval
developing mairly in ths swing plane of the connecting rod. I% is logical to
agsuze that this character of ovaligation of wet slesves is connscted with the

ion of the forcs of the piston causing straining in the crcss sectional plane
in insufficiently rigid slesves, Slesves of GAZ-21 engines wers subjsct to the
zost deforaaticn, Studies acd lengthy tests according to GOST 491 -55 of 10
sazples of this =cdsl sngins «stabtlishsed {hat ovallzation of cylinder sleeves is
to a significant degree the result of initisl ovality prior to engine operation.

Sleeve deformaticn is also observed in GAZ-12 engines., It is analogous in
character but its absolute value is much less -- 40-50% less, This was confirmed
in 450-hr test stand tests of engines of this zodel, The lesser cvaiization of
slesves of GAZ-~13 engines is explained by the fact that they are attached with a

bottom flange, and aleo by the fact that the V construction of the cylinder block
is more rigid.
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Defarmation of the cylinder sleeves in GAZ-21 and GAZ-13 engines was also
studied by the method of tensozmetry. In this work, Constantan strain gages on
a2 pvaper backing were glued to the surface of the sleeve with a bakeliie lacquer,
and thermal coml3Insation strain gagss were giued on in a direction perpendicular
to these, A TA-5 iensometer amplifier was used in the studies, =2nd an

end an MFO-2
magnetoelectric ¢ . >}2lograph was used as the recorder, The process of deformation

of the sleeves was recorded on film and vas deciphered using the formula:

where Z, is the vaiue of

the measured deformation, in relstive units,
EZx is the range of

zeasurexzents taken, in relative units,

A4 is the azplitude of deflection of the beam in ihe recorded process, =zm,
Ayx is the ampliiude of the control signsl, ==z, and

Sp is the sensitivity of the strain gages.

Ay hfH

Epoxy resin, mixed with textolite powder in a ratio of 100180, was used as
a waterproof coating., Tests established the effect of a nurber of fectors and
parameters on the deforration of cvlinder sleeves, In particular, it was deter-
nined that the slesves in a GAZ-21 engine deform in the upper region of the block
under the force of tightening of the nuts on the head cover studs, in a directiorn
perpendicular to the axis of the block, to the extent of 0.007 =n» on the manifold
side and 0,002 == on the valve side. 1In the lower region the slesve undergoes
cozpression te the extent of 0.005 == and expansion by 0.0015 ==. In the direc-
tion of the axis of the engine block, the sleeve expands by 0.002 == and is com-
pressed 0,0015 =m in the upper regicn, and these figures are 0.003 mr and 5.002
m=, respectively, in the lower region (Fig. 19). ¥hen torgues are applied tc the
engine with an electrical ovrake at €00, 1000, and 1500 rpm, the sleeve deforma-
tion rises proportionally to the rpm. In this case the sleeve expands in the
direction perpendicular to the axis of the block and is compressed in the oppo-
site [sic] direction. In a study of the deormation of cylinder sleeves in a
GAZ-13 engine the sirzin gages were fastened with BF-2 adhesive in locations 20
and 90 == froz the upper ring., In each region, 4 diameirically positioned trans-
ducers were installed in the swing plane of the connecting rod, and & in the

other (orthogonal) plane. In the studiss the sleeves were subjected to the de-
forzing action of ceriain technological factors,
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Thus, 1n tesis of the effect of tightening the nuts on the head cover studs
with the minieum ard maxiwmuz forces in the range given by the engineering speci-
fications it was established that there is no difference in the deformation of %he
clesves, The effect of the degree of tightening on the deforcation of a sleeve
was also found for the case where the latter protrudes above the plaue of the
cylinder block, In this case it is recoxmended that this [deformation] parameter
be 1lirited to & tolesrance of 0,02 ~ 0.05 x=, It was also established froz tests
that the deformation of the sleeva increases wher pulsatlion of the fitted sur-
faces and of the fitting sest in the engine block increases, and when the clear-
ances for mounting the sleeve in the cylinder block are decreased.
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Fig. 19, Deformation of Cylinder Sleeves by Forces of Tightening

of Nuts on Head Cover Studs on the Cylinder Block:
= 1,2,3, etc, = defarsationg shape of sleeve after
= nut tightening.

Keys 7« = Upper region; £ = Lower region; ¢ = Direction
= of axis of blocky </ = Kanifold side.

= With the aim of increasing the stability of the initisl geomstrical paraas-
eters of the cylinders in GAZ-21 and GAZ-13 engines, studies were perfcrmed of
the conditions of artificial aging of them after the casting of the stock
pieces. The following sets of ccndiiions were zpplied;

1. Aging of the sleeves far 5 hr after casting.

2. Double aging of the sleeves -~ for 5 hr after casting and for 5 hr afisr

the first mechanical running-in,
3. Aging of the slesves for 5 hr after the first mechanice. running-in.

i
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In Table 9 the average results of tests on 6 GAZ-21 and GAZ-13 engines with
sleeves are presented. The above {est conditions were used.

Tabls 9

Conditions Zngine mcdel Ovalization before Cvaligation after
= Ho. test, == test, ==

i G&Z-13 0.020 0.085
2 GAZ-13 0.010 0.030
E i GAZ-21 0.035 0.140
2 GAZ-21 0.010 0.110
= 3 GAZ-21 0,015 0.100

i

Thess resulis were later confir=ed in 50- and 100-hr tests of 15 engines,
Analysis of the indicates that it is svidently preferable io subject slesves of
GAZ-13 engines to a double artificial “aging” of the stock —- directly after
casting, and after completion of the preliminary mechanical running-in. ¥When
this asthod was adopted in the production process, the ovalization of the cylin-
der sleeves in GAZ-13 engines was reduced by over 2 tizes, Thers were no aprre-
ciable results in the case of the cylinder sleeves of GAZ-21 ergines; aging by
the third schedule was used, primarily fro= considerations of producticn
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Initial and _absequent ovalization o: sleeves in this =model engine was de-
creased by increasing the fitting clearancss, This resoved the possibiliiy of

deforzation of the sleeves during engine assemzbly and during subseguent opsra-
tion, associated with uneven therzal expansion of the cylinder block. The con-
necting rods of the flathead models of GAZ engines were subjecst to substantial
deforzation. To gain understanding of this question, rmore than 80 connecting
rods of GAZ-51 and GAZ-21 engines were studied at the Ceniral Engine Izvoratory,
along with 7 GAZ-51 engines., This research was performed by tha author in
collaboration with the engineer S, I. Krymov. Soze of the studied rods were
subjected ito natural aging for 50 days. The bending of the connecting rods was
neasured with a general-purpose instruzent; flexure and twisiing were deterzined.
The engines were tested far 100 hr under load according to the methods pre-
scribed in the engineering specifications of the piant; the alz was to establish
the effect of deformation of the connmeciing rods on running-in and wear of the
parts of the cylinder-piston group ard of the crankshafi. Zxperizents showea
that connecting rods of GAZ-51 engines which underwent ccld straighiening after
machining, within & certain iize again acquired the saze geozelric parazeters
which they had had prior tc straightening.

Since conrecting rods of GAZ-51 engines are often curved as zuch as 0.3 to
0.5 == after na-hining, straighiening thez is only a stopsap =measure -- such
rods should not e sant to engine assembly:. In the studies iif was also noted
that rods of GAZ- 7! engines are subsiantially more rigid; defor=ation in thea is
2 - 2,5 times less than in connecting rods of GAZ-51 erngines,

In the tests of rods in engines ii was noted that cylinpders, pistions, and
bearing inserts operating with ceanecting rods which had flexures of G.15 ==

(that technologically feasibie being 0.025 ==) and twisting of up t0 0.22 =

(feasible being 0.08 =3) had been run-in suitably after tne tests and did not
have high wear, ¥hen coanecting rod fiexures were higher than 0.15 == there were
traces of werping on the upper surface of ihe piston skirts, ard when iwisting

was above 0,25 rn soze deterioration of the running-in of the connecting rod bear-
ing inserts was observed.

The above work demcasirated, first, the need in the design of engines 1o
consider the advantage of increasing the rigidity in the design of commecting
rods, and, second, the ineffectiveness of ihe opsration of straighiening ccennsct-
ing rods, which is used at the CAZ and at many other motor vehicle plasts. This
applies fully 2lso to risicns; siraighiening them with the ein of resioring ihe
design values of conicity and ellipticity is also & nistaken opsration., Internal
siraining of the first, second, and third kinds [see earlier ihis Chap.] apd elas-
tic and plastic defornmations which are nomuniforz: with respeci to the cross sec~
tion arise in the cold siralighiening of paris, Cold straighiening reduces the
inpact strength and causes & treaking of the conilimuity of the material in loca-
tions of concentrated siress.

-71-

e Yy e b S b, L e

AT e

A

Mﬁmwmmmmmmmmmmmmmmmmmmmmmmmmmwm,._' o



| I
Gl

L

Iy
|

i i

‘xn‘)i“,m‘}‘ i

it

i

LR o

Character and Dynamics of ¥Wear of Basic Paris

Varicas models of engines from the Gorki Motor Vehicle Flant and the
Zavolzhsk ¥otor Plant, differing in a mimber of pararecers and in the materials
of the friction pairs and the types of fuel used, wrre studied with the idea of
possible later generalizations of the character and the dynazics of wear of the
basic perts., The relevant properties of the veriocus models of GAZ and Z¥Z en-
gines are covered in sufficient detal]l in the litersture. In the beginning of
this section we Tresent the results of 400- and 600-hr test stand tests accord-
ing to0 the methods mrescribed in GOST 491 -55, in which only the sechanical fam
of wear due %o friction and the abrasive action of wear products is observed,
These resulis wers cozpered with operating wear data afier vehicle service zile-
ages roughly corresponding to the length of the test stand ifests, ani also with
intensive wear data from vehicles with long mileage, The istier reflected the
influence of the azocunt of dust in the air, the amount of dirt in the oil, end
conditions resulting from "cold™ starting and operation a2t low tes=perazturs,
swhich cause corrosion of the frictior surfaces.

in Fig. 20 characteristic plois are given of wear with respect to ihe ver-
tical in cyli.aders of varicus models of GAZ and 242 engines following Lop-hr
test stand tests, and alsc operational wear after 20 - 25x102 and 80 - 100x10- k=
of wvehicle travel,

In Fig. 21, cirves of the dynamics of wear of the cylirders following
correspending periods of testing and service are presented. It should be borne
in =ind here ithat the dyna=ics of the wear of cylinders, ploited from data of
nicronetry and the method of cut-out holes, is found rather sprroximately, simce
the running-in which is necessary after easch dismantling of the fiited assez-~
blies has an effect on the subsequent resuiis,

Analysis of the character of the curves of cylinder wear in test siand tests
reveais the following characteristics:

i, For all engine =odels the paximum wear in the iongitudinal dizensicn regn-
iarly arises in the upper zone of the cylindears in the *sgi&r of the end point
of the movemenit of the upper conmression piston ring, It can be considered an
established fact that the ilowered resistance to wear of the uppsr part of the
cylinder is & consequence of the increased gas pressure at the piston rings,
aggravated by insufficlent Jubrication, appreciable local texperature gradients,
fuel =ixture currents which wipe the surfece cisan of oll, and also ihs effect
of corrosicon Irce the gases,

2. In ail cylinders of fiathead GAZ engines the aaximum wesr arourd the cir-
cuxference occurs in the directior of the axis of the crankshaft, The 6-cylin-
der engines, which havs cylinders cast in pairs, are characterized by particuiar-
1y nonuniform radial wear. This type of ovalization of cylinders in test stand
testing can be explained Ty the specific casting pecullaritiess of cylinder tlocks
in GAZ engines -- nagely, a.he fact that in the initial running of the engine,
while the cylinder block has not yet besn heated up, t‘ne maxirzun ovalization of
the cylinders takes piace in the directios parailel %o the axis of the crank-
shaft, In this direction the maximuz gap between tha cylinder and the piston
Tings is forzed, increasad gas blow-by occurs, and the oil filx dries up. As
the block warzms up the naxizu= expensicn shifts {0 the direction per ndiculsr
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cylinder surfaces frequently occurs, resuliing in subsequent presature wear,

Local supercool ing of the cylinders and the flow direction of the fuel mixture -

ich sweeps away the oil -- also have significant effects on the nomuniforzity
of radial wear,
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®iz. 20, Characieristic Flots of Cylinder ¥Wear with Hespscit to the
Vertical, Resulting from:
1 — test stand tests of engines according to GOST 491-55;
2 — operailon in vehicles with service mileage of 20-25 x103 k=m;
3 — operaiicn in vehicles with sexrvice zileage of 80-100xi03 k=z;
in the direciion perpeniicular to the axis of the crank-
shafi;
~—=— in the directica parallel {0 the axis of the crankshafi,

¥ey; <t = ¥ear of cylinders, with respect to diz=sier;
£ = Region of measurezent of cylinder, ==; ¢ = GAZ-8&2

3. In overhead valve 277 engines heving "wei”™ sleeve inseris, the maxizmuzm
ovaiization occurs in the direciion perpendicular tu the exis cf the crankshaft,
The appearance of such ovalization when the wear of the cyliinder sleeves is very
smail i1s a conseguence of deforzmation of the slesves, which is particularliy

obsarvabie after 75 - 100 hr of engine opsrmiion. The high deformation of wet

to the axis ¢f the crankshafi, and 2 nminizum clearance develops in the longitudi-
nal direction, giving rise to increasing wear., In this direction scoring of the
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ature gradients as insufficient rigidity of the sleeves the=mselves and of the
cylinder blocks (Fig. 22). Rarlier conceptions to the effect that the nomuni-
foraity of radisl wear in the cylinders resulted froz the influence of pisten
deforzation, elastic bending of the crankshafi, and berding of the connscting
rods were not confirmed in these studies,

- 14 =3
Keys 72 = Cylirder wear, r= 150 }{‘,%:// :,
B e %’ehic%e travel, i x /","}( Ao
1 " % ¢ —tr -
¢ = Dursston of test %, o AR
Jl'a?..-.tm - £ U. 2 :?& x —rﬂx’l 3. 7
S‘i&'ﬂ :eStS, IE‘ :‘ J/§ 3./ /-'
. 106 A
< & 4.2
g ) 4P -
S 60 P55 -
g "7‘*/%/ - =
S <% |plA—TC
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10 20 30 40 55 &0 70 60 S5 107 120 147
Mogdez abmosaunzd, 1.k &

0 160 20 399 400 500 57
Mpodonmumensugtms cme=dobsx uostmamn vac

Fig. 2i. Dynamice of Medium-High Wear of Cylinders ir Zngines Produced
at GAZ and Z2¥Z, from the Daiz of A. A. Xug'sin {GAZ, Design and
Experimental Section), Processed by Yu. ¥, Panov (Gorki Agri-
>ultural Institute):

1 — avarage data frox test stani tesis of GAZ and Z¥Z engine
xcdelsy; 2 — -—— service wear, on GAZ-69 engines; 3 —

-«=s saze, GAZ-21 engines; & — -«- [siclsazs, GAZ-13; 5 —
-vs= |sic] same, GAZ-53.

L, The nonidentity of the character and value of wear of the varicus cylinders
of the engine is a coasequence cf the differing conditions of the piston rings,
nonunifaraity of the distrimution of the fuel mixture azcng the cylinders, uneven
cooling, and differences ir defarmation of the cylinders.

5. The plot of the dyna=ics of cylinder wear from test stani tests characier-
izes the avarage fractional incrsase in wear with respect to tizme., in excsption
is the psriad of rumning-in, which is fillsd in very roughly on the disgram,
since it is not possiblie to take messurements over such short tizs periods,

The diagrass given for operational wesr of cylisders of vehicles with mile-
&gtscaﬂna:dr:ofz%-25&@&:3&:%09:@&&3&3&1&@3ﬁsmavsxsge
Tange, with roadwars of varicus gualities and in the absence of faciors which

cylinder sleeves in these engine podels is a coaseguence pot so mach of tesper~
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Hear and Deformation of the Cylinder Sleeve of the
First Cylinder of the CAZ-21 Engine, Detlerzined in
Varicus Zoaes La’ong the Cylinder Heightl) with a
UPOI-8 Instruzmeni:

after 2%-hr normal-cperaticn testing:
50-hr norsai-oparation testing;
norsal-operaiion iesting
oparation tesiing;
tion testing.

e after
§ =—e- z2iter i00-hr

saes after 180-hr norm=i-~
—+— after 400-hr norsal-opera-
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strongly affect the developzent of high abrasion or corrosica wear,

Beyond this, the fresguent factors consisting of the certain amocunt of dust
in the air entering the cylinders and the unsteady speed,; lcading, an3 thermal
cperating conditicns of the 3sngine —- and the occasicnz? {mcior of the “cold”
starts -- sulstantially altered the character of amd increased the magnitude of
wesr in comparison with representative values of wear obiained in engine opera-
tion on the tast stand,

These differencss roduced chiefly to the following:

i. In the running of sngines under conditions of vehicle service thes wesar
ajong the vertical of the cylinders has a sharper peaked [sic] character in the
uppar gzone of ths cylinders, due to ths mxch zore pronounced action of gas and
elactrochanical corrosion undasr service cornditioms.

There is zore wear in the aiddie and iowar regicns of the cylinders thanunder
the test stani test conditions, due to the influernce of dust in the incozing air
and dirt in the oii.

2. In 6-cylinder GAZ conditions under service conditions, in contrast io the
situation in the test siand {ests, becavse of the sharper rate of increase of the
clearance gaps, the maximim wear in ths cylinders occurs in ths direction psrpen-
dicular to the axis of the craznk 't =— in the cone of the maxima= acticn of the
ncraal coxponent of the pressure iszicl foooe of ihs goses. Under service condi-
tions in 211 types of englines the action ¢f a current of condenssd fuel aixture
is rerticulariy noticeable, sweeping away the oll and thus creating conditicons
of boundary friction or even dxry friction betwsen the cylinders a=nd pision rinzs.

3. In soze cases, ihs varizilion in wear among the varicas cylinders of the
erngire, as 2 fupction of the respective dagrses of ¢ ng, was found io be
greater under service conditicms than nnder the conditions of the tesi stanpd
tests., In particular, in 6-cyl.nder GAZ engines the wear of the first and sixth

cyiinders wvas scmewhat greater than {hat of the cthers, This resulis froz the

less favcorabie thermal iticas of operation of these cylinjers compared wiih
the othars,

L&, The plot of the dynamics of the operatiomal wear of cylinders after a vehi-
cie sexyvice nilsage of around 20,000 k= reveals sozewhat hizher w=eer intensity
acxpered witn engines c¢n the ta=sit stand, which is explained o ihs actlon of un-
steady cperating conditions, and by specific ops=mating conditicms #hiich cause
increased atrasion and corrosica wear of the cylindsrs,

The diagrazs of operatiocnal wear of the cylindars alsng ine verticai and
arcund the circaxferencs, in various models of GAZ and ZXI engines after long
vehicle =ileags differ even =mxe in compariscn with those for test sitand tosis.
Zifferent aunthors, it is possibie 1o concluds thei;

i, The wsar in ihe directicon perpendiculsr 10 the axis of the crarkshafi is
substantizlly higher than that paralilial to i,

2, The magnitnde of wear differs sharply, while iis character coincides, in
the different cylinders of the same engine, This reszlis frop varicus faciors
trevaliing under the conditioms of long s3rvice, which coniributes 10 ihs develi-
opeent of corresiocn and alwasiocn wear,

3. On the dynazic wear curves for the cylinders the periods of corplete ron-
ning-in, oparational wear, and terninal wear of cyilnders ase sharply delineated;
ihe latlsr poriod is characierized by 2 shazp incresse In the rais of wear and
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tear,

There are also 2 large number of studies dealing with the wear of piston
rings., Thus, S. Ye. Watson and other scientists, using radloactive isotopes,
established the relation between ring wear and the dimensions and properties of
abrasive particles and the means of generation of the latter in the combustion
chamber, They 2lso expressed the hypothesis that the lulrication of the rings
has a hydrcdynanic character, in contradiction to the assertion that the rings
operate under conditions of btaundary friction., It is logical to assume that
hydrodynanic lubricetion occurs only during the interval when the moilon of the
Ting is relatively fast, and that boundary lubricetion tskes place ai the end of
each siroke., In some cases, when the fit of the rings to the cylinder surface
is not close, blow-by of the geses from the combustion chamber occure, which
blows away tha oil film, and dry friction develops,

In this case, chipping of the working surfaces of the piston rings often
occcurs., One investigator las explained this as the result of gasecus corrosion,
and another as the result of carburization of the piston rings and the formation
of friable so-called "white” layers., Extreme oil flooding of the piston rings
can also lead to unfaverable results, since the temperature of the upver rings
may reach 289°C and higher, making possible the thermal decomposition of the oil
into solld carbenifercus particles, and coking and sticking of the ringe.

in norsal operation of the rtiston rings they wear relatively svenly on all
surfaces, with a certain lncrease in the vicinity of the scarf joints. This wear
resulis froz friction forces, as well as from the action of abtrasive particles
which come frox the wear products end the air; it incresses when lubrication is
insufficient, The higher wear of the rings in the region of the scarf jolints in
3 ccrparision with the rest of the outer circumferential ring surface is connected
5 with the nommiformity of ring rressure on the cylinder walls, for a given pres-
= sure design diagraw. Tne rings wear not only a&long their vertical surfaces, tut
: aiso in the helght dimsnsion, with the bottor surface wearing several times fast-~
= e than the tOPo

|
%
2

The wesr of the pision xrings in the test stand tesis of all engine models
proceeded in agreeszent with the normal wear dynamics for porous-—chromed uprer
piston rings:

1. Tne upper comnpression rings had supsrior wear resistance in comparison to
the other rings, due to the chrome coating of theilr ocuter cylindricel suxfaces.

2. waen theo wear of the upper conpression rings was lower, that of the other
rings was also,

J. The maxizuz weaxr with respect to the radial thickness occurs on the rings
which operate in the =most worn cylinder,

4, The maxizi» wear of the piston rings wlih respsct to the radial thickness
oceurs in the vieinity of the scarf joints; this is spacified in the initial
ressure design diagres=s for the rings of GAZ and ZHZ eugines.

5. The sxirenmely insignificant wear of the rings with respect tc the height
dimension — less than 0.015 m» -~ i5 2 result of the absence of the effect of
dust in the 2ir znd oil, 3ince this form of wear is usually what furnishes the
strasive chsracter,

i “r‘!“ Ll"‘ bl i

&3

o
“]MV‘I

s

o
ke
h I

i e s T oo o o - - %



The wear of piston rings in service, with respsct to radisl thickneaz and
the height dimension, over an engir: operating period in service of arcund
20,000 km differs 1little in the characiter of its distribution from the wear in
test stand tests, however it is substantially grenter in absolute value, because
of the influence of ebrasion and corrosion factors. When rings are operated for
very long rervice periods the character of thelr wear becomes even more sharpiyv
expressed, particularly in the region of the scarf joints.

The dynamics o radial wear of rings is analogous to the wear dynanics of
cylindersy it 1s represented by a classical curve which delineates initial,
operational, and terminal wear (Fig. 23). The curve of the dynamics of wear of
the rings in the height dimension under conditions of long service is a broksean
curve with a constant tendency to increise, representing decrease or increese of
the rate of wear in the different stages, depending upon the conditions of dust
in the air and dirt in the oil.

The gradual wear of the rings in the radial d:rection and the height direc-
tion leads to a proportional drop in ring elasticily and to an increase in the
gap in the scarf joints ~- and., consequently, to iicreased gas blow-by, a drop
in the compression in the cylinder, increassd fuel consumption, decreased powar,
and other consequences associated with ‘he necessizy to change the rings.

One of the most frequent causes of premature malfuncticning of piston rings
is sticking of the rings in the plston grooves. A number of investigations have
been devoted to this phenomenon; the conclusion is basically that sticking of the
rings results from oxldatlion and condensation of the fuel and oil, lowering of
the rigidity of the piston lands at high temperatures, deficient sealing of the
cylinder-piston ring fitted assembly, and insufficient distance from the working
face of the piston to the upper piston groove.

Switeridng to a 3-groove piston in flathead GAZ engines and increasing the
distance of the upper ring from the working face of the piston sharply low.red
the number of cases of ring sticking. The pisions of automotive engines have
different friction surfaces working nder diffarent conditions. The friction on
the working surface of the piston skirt has a predominantly fluid character, and
the wear resistance of this surface is not a limiting factor in the service life
of the piston, with the exception of those rare cases involwing the development
of scoring, dus to severe deforaation or overheating,

The degree to which doformatlion occurs is governed by the nom.niformity ~f
the teaperature fleld of the pistcn as it uperates, manifestod in a sharp temp-
erature drop between hLead and skirt., A particularly uneven temperature distri-
bution is observed in pistons of flathead models of GAZ engines, which hsve a
ll-shared slot in ithe skirt, Th~ friction surface fitted to the piston pin also
does not determine the service life of ths piston, despite conditions of bvound-
ary lubrication and perceptible [sicl sign-varying dynamic loads. Usually the
uppar piston grcoves under the plston rings were subject to the zreatest wear,
The conditions of wear and tear of piston grooves are determined mainly by the
degree and character of deformation and wear of the cylinders and pistor rings,
the msgnitude of the initial clearance between the grcove and the ring in the
pisten, and vibracion of the rings during engins operation, but, most funda-
mentally, by the amount of abrasive particles entering the fiited assembly,
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Fig. 23. Dynamics of Wear of Upper Piston Rings and Crooves cf
the GAZ-53 Eng’'r« in Vehicle Service, from Data cof
A, A, Kuz'pin, Processed by Yu. M. Panov:

upper piston rings; ---- upper piston grooves.

Key: &2 = micron; &4 = thonsand km

The insignificant amount of wear of the grooves with raspect to the height di-
mension in 400-hr tests of engines on test stands and the relatively higher
amount of wear of these surfaces duri:zg the operation of engines under servics
conditions in motor vehicles can be explained by the abssnce of the influence
of abresive Just in the former case,

In the tests it was noted that the wear in the lcwer piston grooves was
substantizlly less intense than in the upper groovess this is explained by the
fact that the lower piston rings operate under conditicns of less stress. Thus,
the service life of the piston is limited by the wear on the upper piston ring,
withi the lower face of the groove wearing faster than the upper. The above es-
tablishes the need to develop measures of increasing the resistance to abrasive
wear and iear of the end surfaces of the upper piston grooves.

Wear in the awinging linkage =s‘wezr pistin and cunnecting rod, involving

the friction surfaces of the - wrist pln, openings in piston bosses, and con-
necting rod bushing, does not 1limit the service life of the engine. The wrist
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Pin is subjected to the constant dynamic action of sign-varying loads, and its
reliability of operation s determined not so much by the amount of mechanical
wear and tear as by its resistance to stress fatigue. The character of the wear
of the connectling rod journals on the crankshaft has some influence on the
character of the wear of the wrist pins and the surfaces to which they are fit-
ted. The upper parts cf the openings in the piston bosses, along with the con-
necting rod bushings, which are acted on by the pressure of the gases, are sub-
ject to the greatest wear,

The cranksha®: bearings operate under conditlons of hydrodynamic lubrica-
tion under the ccentinual action of sign-varying loads due to the inertial forces
and gas pressure in the cylinders of the engine. A large number of studies of
wear in this fitted elerent have been carried cut in the factorias and in sci-
entific laboratories.

Under the mutual movement of the friction surfaces of the crankshaft and
the bearing insert, an oil wedge develops between them, 1ts supporting farce depends
upon the rate of relative povement of these surfaces and upon the viscosity of
tne oil, Beyond this, the wear conditions of the bearings are determined by a
whole series of design, engineering, and use factors. From an analysis of the
character of ths-wear of the crankshaft connecting rod bearings it was estab-
lished that in CGAZ-51 engines, with unsymmetric connecting rods, the radial wear
of the inserts 1s greater underneath the short shoulder of the connecting roi
than underneath the long shoulder. In the middle zone of the insert the wear
was a little less than under the short shoulder., The upper inserts in the con-
necting rod bearings were subject to greater wear than the lower ones,

The bearings cf type GAZ-69 engines, and those in all the models of over-
head valve ZMZ engines wore substantially more evenly as a result of the sym-
metrical design of the connecting rods in these engine models, The inserts of
the main bearings wore more eveniy along the axial 3irection than did the con-
necting rod bearing inserts. The radial wear of the lower inserts was higher
than that of the upyer. The inserts of the middle main bearings wore more than
the same kind of inserts in bearings 4 the ends. A characteristic property of
wear in overhead valve CAZ-21 engines and in other engines havinz cast crank-
shafts is that the wear in the connecting rod bearing inserts is less than that
in the main bearings. Tnis 1s attributable to the presence of hollows in the
connecting rod journals, which are effective as dirt traps. Operation >f the
engine at low rpm is accompaniad by the possibility of contact friction in *he
friction pair consisting of the shait and the shaft bearings on the other hand,
when rpm ig increased, the temperature of the inserts rises, and thus the resis-
tance of tiie babblt layer to stress fatigue is lowered. The latter leads to
mremalure chipping of the babbit, causing accelerated waar of the crankpins.

In most cases the areas of chipping develop in a zone of contact frictiorn,
which confirms their origin — not only in fatigue phenomena but alsc in high
developed temperatures under corditions of friction without lubrication, The
ssrvice 1ife of crankshafts of flathead GAZ engines is iimited, &s a rule, bty the
condition of the connecting rod journals, which are subject to the mcst intense
and uneven wear. The comnecting rod journals usually wear 1,5 - 2 times faster
than the main jourrals, with conical wear as well as radial wear beirng
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characteristic for connecting rod journals. The theoory of elastic bending of
the crankshaft has been widely applied in relation to the appearance of the
latter phenomenon. Some authors have attributed this kind of wear to the angle

of inclination of the oll passages and the direction of flow of mechanical par-
ticles in the oil.

N. F, Strunnikov exhaustively proved that the cause of conical wear of the
journals in GAZ-51 engines 1s the asymmetry of the conmnecting rods, and the
effect of other ‘actors is secondary. In general, cases of relatively intensive
wear of crankpins can be explained by three basic factorss severe loads on the
connecting rod bearings, the action of atrasive particulate contaminants in the
oil, and inferior conditions of oill feed to the connecting rod bearings. The
main journals wear more evenly than the connecting rod journals, both along
their length and around their circumference, The middie main journals wear
1.5 - 2 times more than the end main jourrals, The cast crankshafts made from
nodular cast iron in the overhead valve iype GAZ-21, GAZ-13, and GAZ-53 engines
have significantly higher wear resistance than the steel crankshafis of flathead
GAZ engines. This property of cast crarkshafts is governed mainly by the high
rigidity of nodular cast iron and by th actual design of the crankshafts,

Main and connecting rod journals on steel crankshafts were found to need
regrinding after a vehicle service life of 50 - 60 x103 km, while cast crank-

shagts did not need regrinding even after a vzhicle service mileage of 100 - 110
x10° km,

In addition to the above it should be noted that wear of the journals on casc
iron crankshafis is characteristically much more even than that of journals on
steel crankshafis, The character and the course of the wear of the connecting
rod and main journals on the crankshafts indicates that:

1. The absolute values of the maximum wear of crankpins of all models of flat-
head GAZ engines is much higher than that of the main journasls; while the opposite
relation holds in overhead valve engines,

2. The crankpins on the crankshafts of GAZ-51 engines exhibit cenlenl wear,
while other engine models have comparatively even wear of crankshaft journals;
which demonstrates the inadvisabiliiy of asymmetric connecting rod designs.

The parts comprising the valve - camshaft mechanism under normal conditions
of engine operation do not limit the service life, even in the case of relatively
severe friction conditions of certain friction pairs. In contrast to the crank-
shafi journals, the camshaft journals of all GAZ and ZMZ engine models wear
evenly, bota around the circumference and along the axis,

The valves, which work under conditions of boundary lubrication, are sub-
jected to dynamic lo2ds as they approach the walve seats in the cyiinder block at
high speeds. The exhaust valves, in addition, are subjected to the intense heat
of the exhaust gases, which, in combination with insufficient lubrication and
possible bending of the perts of the valve mechanism, promotes the development of

contact friction, seizing, scoring, and catchirg of the friction surfaces of the
gulde bushings and the valve sten.,

Under normel cornditions of running-in of the valve - valve guide bushing fric-
tion peirs, the falirly high degree of conical wear of the bushings which develope
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with long operation does not make replacesent of parts necessary. The most
dangerous sventuality in engine operstion is burning through of the valve heads.

The friction peir consisting of the yush rod anc the openings in the engine
block has a tendency to wear steadily and evenly with long engine operation;
mechanical wear hers is not deterainative of ine overall service life of the
engine,

This statement applies equally to the friction surfaces of the tappet head
and the cams on the camahafi, provided there is no scoring and no premsturely
high wear in this fitted assembly. In the latter czss the molecular mechanical
form of wear develops, It should be noted that the incorporation of hot phos-
phated cast iron surfacing oa the working surface of the tappet head in the pro-

Guction of all the engine models has practically eliminated scoring of this
surface, .
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Chapter 1V

Ways of Increasing Automotive Engine Life

Design Methods of Increasing Engine Life

Progress in worid automotive technology is accompanied not only by the crea-
tion of new und promising engines but also by the continuous development and im-
provement of models already in production. The competitive position of the dif-
ferent motor vehicle firms in many ways depends upon the engines in their vehi-
cles -- on their rated power, economic efficiency, simplicity of operation,
adaptability to repair, freedom from breakdown, and life time.

In Soviet automotive engine manufacture the reliability of the engine has
always been the primary question, and the increase in the life time of each new
engine model over the old model has been, first of all, the result of pains-
takinz labor of the designers in the motor vehicle plants. This applies fully
as well to the engines from the Gorki Motor Vehicle Plant, the life time of which
has gradually increased, beginning with the GAZ-A and GAZ-Ml models and ending
with the current models being produced at the Zavoizhsk Motor Plant.

The design methods of increasing engine life are quite varied. They are
based primarily on modernization of the engine models produced by the factories
and they amount to the choice of th: latest solutions with regard to the con-
figuration of the cylinders and the parts of the valve-camshaft mechanism, the
establishment of the optimum ratio of stroke to cylinder diameter, and improve-
ment of the structural elements f-om the point of view of filtration of oil and
air as well as of maintaining optimum thermal conditions of engine operation.
The choice of appropriate wear- and heat-resistant materials for the main
parts, application of electrochemical or chemical methods of treating friction
surfaces, and designation cf optimal clearances in the fitted parts assemblies
are among the more important design topics. Many such approaches are well known,
but some are insufficiently grounded and call for thorough analysis. Thus, a
large number of research veports have been devoted to the choice of the optimal
ratio of stroke to cylinder diameter S/D for various engine types. In these
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studies the effect of the ratio of these parameters on the efficiency and ecocn-
omy of the engines, upon engine bulk, and upon heat transfer to the walls of

the combustion chamber and to the pisten head is tyeated; however, thequestion of how
these relate to engine life has been neglected. Meanwhile, experience has

shown that for a single engine model a decrease in the S/D ratio due to an ir-
crease in cylinder diameter lowers cylinder and piston ring wear to a certain
degree. which is completely in accord with the theoretical assumptions of B.

Ya. Gintsburg. In current foreign engine production the S/D ratio varies

within the limits of 0.6 -- in the Ford Anglia -- to 1.06 -- in the Nissan
Datsun.

T

in the development of engine production at the Gorki Motor Vehicle Plant

and the Zavolzhsk Motor Plant a gradual lowering of the S/D ratio is aiso scen.
Thus, for GAZ-51 engines, it is 1.34; for GAZ-69 engines, 1.22; for UAT-450, 1.13;
for GAZ-21 and GAZ-13, 1.00 and 0.88, respesctively, etc. To an approximation,
the optimum S/D ratio may be regarded as close to 1. As the ratio increases,

the average piston speed increases, which lowers the life of the piston rings;
and when the ratio is decreased, the friction path of the ring on the cylinder

is decreased and the cylinder surface is subjected to higher specific loads.
Among the less-studied design parameters which affect cylinder and piston ring
wear is cperating nonuniformity of the cylinders, which is particularly seen in
multicylinder in-line engines, specifically the GAZ-51. Influences on uneven
operaticia of the cylinders which cause uneven cylinder wear, in add:tion to non-
uniformity of the temperature field, incluage uneven mixture distribution, varia-
tions in the composition of the mixture going to the different cylinders, and the
variations in the compression ratio as high as 0.2 and in the spark advance angle
as high as 209 which occur among the different cylinders.
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Thus, under conditions of service of GAZ-51 engines, somc of the cylinders
suffer high wear as a result of extremely rich mixtures, extreme spark advance,
and operating conditions which approach knocking. The new models of GAZ and ZMZ

engines have a substantially lower disparity in the operatirg conditions of the
cylinders.
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A very important design parameter which affects engine wezr is the intensity
of crankcase ventilation. Joint research carried out at the Central Engine lab-
uratory of the GAZ and at the Laboratory of Isotcpic Methods of the NAM1 showed
that with a closed crankcase ventilation system an increase of oil burning by
15 - 25% is observed, along with some increase in the wear of the parts of the
cylinder-piston group (Fig. 24). This is attributable t. defects in the design
of the ventilation system and to flow of the inactive [sic] exhaust gases, which
contain sulfuric and sulfurous compounds and promote corrosion wear, around the
parts of the cylinder-piston group. Morcover, when the ventilation system is
open the crankcase oil ages faster, the probability that road dust will enter the
engine increases, and the toxicity of the exhaust gases is higher. Thus, despite
a number of studies in this area, the problem of systematic design of the crank-
case ventilation system has not yet been solved. However, one would suppose that
the ventilation system must r2 closed, in order to lower the toxicity.
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From among the large number of design factors affecting the character and
rate of wear, the choice of the materials of the main parts of the engine is
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particularly important.

Research results in the area of increasing the wear resistance of cylinders
are expecially interesting. As is well known, inserts of anticorrosive high-
alloy "Nirezist" type cast iron with a nickel cortent of 16 - 17.5 % have been
used in all models of GAZ and ZMZ engines, and in recent years also in 7L en-
gines, to lower wear in cylinders and cylinder sleeves. The inserts a:. pressed
into the upper part of the cylinders of GAZ engines and the cylinder sieeves of
IMZ engines to a depth of 50 mm. These inserts, introduced into the design of
the engines by A. A. Lipgart and N. F. Strunnikov, are used mainly with the in-
tent of lowering corrosion wear in the upper part of the cylinders. Many years
of experience in their use has shown that the material of the inserts not only
resists corrosion but slso resisis abrasion outstandingly well. More than once,
attempis to replace this material with something less expensive were unsuccess-
ful. Thus, experiments were carried out at the Gorki Motor Vehicle Plant on the
use of wet sleeves made of standard grey cast iron of the perlite class, type
SCh-24-44, without an anticorrosive sleeve, and the same with sleeves specially
cast of high quality alloy iron, corresponding to type SCh-35-36 in its mechan-
ical properties. The engines used were GAZ-21.

From tests of the engines in vehicles it was found that the maximum wear of
the sleeves made of th¢ experimental iron was higher than that of standard
sleeves without inserts (by 1.77 times) and an that of sleeves with inserts
(by 2.5 times). The wear of piston rings and pistons working in pairs with cyl-
inder sleeves having inserts made of Nirezist had the least wear of all. Studies
directed at lowering the cost of inserts made of Nirezist by lowering the nickel
conteat in it to 12.0 - 15.0% gave, as a rule, negative results, due to the high
tendency of such inserts to deform. In this case, uneven joining of the Nirezist
insert and the basic metal was a rather frequent occurrence. In specially

designed studies it was determined that lowering the nickel content in the Nirezist

inserts leads to a partial deccmposition of the austenite to martensite, at high
temperatures, and to a substantial increase in hardness due to the fcrmation of
a large amount of carbides. It should be noted that tne inserts, in addition to
their high cost, substantially complicate the technology and the process of manu-
facturing the cylinders.

With the aim of replacing the Nirezist and producing a cylinder without in-
serts, a chromium-silicen alloy with a content of 13 - 16% Cr was developed at
the NAMI, in conjunction with a thiocyanate coating to be applied subsequently.
to improve running-in. The hardness of the stock piece after annealing -- which
latter is done to improve the machinability of the casting -- is HRC 28 - 32.
Tne problem of using chromium-silicon cylinder sleeves has not been solved yet:

at issue are the difficulty of machining and the frequent cases of scoring of the

cylinder surfaces during running-in.

Beside the search for the most wear-resistant and most easily machinable
materials for cylinder slieeves a great deal of attention has been given to the
possibility of using metallic coatings which satisfy these requirements. In
particular, chroming the working surface is one of the effective means of in-
creasing the service life of cylinders. Thus, according to literature data, the
wear under service conditions of chromed cylinders is 4 - 7 times less then that
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of unchromed cylinders, for Z1L-120 engines, and the pision ring wear is 1.5-2
times less. Similar data characterizing the effectiveness of chromiun coatings
of cylinders have been offered for a number of other automotive, tractor, avia-
tion, and marine engines. Experiments carried out at the GAZ confirmed the
positive effects of chroming cylinder sleeves.

Highway tests of three GAZ-21 engines with chromed and standard cylinder
sleeves established that the average wear of chromed sleeves after a vehicle
travel of 50x103 km, in a "Volga" automobile is less by a factor of 2; however,
the radial wear of the piston rings was somewhat higher.

For engines with dry cylinders chroming is a complex and expensive pro-
cess. In this case, using a hard chrome coating instead of the present porous
chroming of compression rings shows promise, for increasing the wear resistance
of the cylinders. Many studies have shown that porous chroming of piston rings,
along with its positive qualities associated with relatively fast running-in and
good wettability by oil, has a number of important negative features. The most
serious is the chipping and spalling of the edges of the flat surfaces, and,
consequently, the development of scratches on the cylinder surface; also the
high coefficient of friction of porous chrome in comparison with smooth, the
possibility that acids capable of causing corrosion may penetrate beneath the
porous chrome layer, and the uncontrollability of the process of de-chroming.

The process of hard chroming of rings with knurled cylindrical surfaces
does not have these deficiencies. Accordingly, test stand tests of 20 UAZ-450
and GAZ-51 engines with the upper compression piston rings covered with porous
chrome or with rings with knurled surfaces covered with solid chrome were set
up under laboratory conditions. The correlations of the test results, which
are presented in this book, showed that the experimental rings have 1.5 - 2
times less wear with respect to the radial thickness than the standard rings,
at relatively the same values of cylinder wear. In receni years close attention
has been paild to piston rings and in particular to piston ring materials.

A large number of stud’es conducted in this area are described in detail
in the literature. Experiments on piston rings made of titanium and tungsten
alioys were also carried out at the Gorki Motor Vehicle Plant. From nhumerou:
test stand and road tests of GAZ-51 engines and their modifications important
advantages of these rings over standard rings were found: high elasticity and
wear resistance. On the other hand, titanium alloy and tungsten alloy piston
rings have not as yet been used on 6-cylinder GAZ engines, because of the tend-
ency which these engines have toward increased frequency of scering of the cyl-
inders. In addition, a certain increase in the wear of the end surfaces of the
piston grooves was noted. Groove wear limits the service life of the pistons.

Various foreign firms have solved this problem either by using special
wear-resistant inserts or by applying the method of anodic oxidat.on of the
pistons. Future use of inserts of this type is also planned for ZMZ engines.
Chroming of the end surfaces of the upper compression piston rings was tried
under laboratory conditions at the GAZ with the aim of lowering the wear of
the piston grooves. The faverable results of these experiments were confirmed
in service tests of 3 GAZ-21 engines after a vehicle service mileage of
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50x10° km. However, despite the thooretical effectiveness of this method, its
realization in practice is prevented by the technological complexity of chroming =
] the end faces of the rings under conditions of large-scale serial production.

Many studies and published articles have been devoted to design methods of
increasing the life of piston rings. Actually, any parameter of the piston
ring -- whether elasticity, height, width, cross-sectional shape, pressure dis-
tribution, or scarf joint design -- affects the life of the parts to which it is
fitted and of the engine as a whole, as of the ring itself. For example, reduc-
ing the width of the inside conical faces of the coupression rings of flathead
4-cylind.r GAZ engines increases oil burning from 56 to 110 g/hr, as specially
designed tests under laboratory conditions showed (Fig. 24). The introduction
of pisten rings with "scrapers" intc production at the GAZ and the IMZ lowered
oil burning in all engine models by an average of 20 - 30% and sharply decreased
the number of cases of ring sticking.
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The location of the upper piston ring on the head of the piston is very im-
portant. Thus, the increase of the sub-ring space on the pistons in GAZ engines
which resulted from the change to 3-groove pistons substantially increased the
wear resistance cf the rings and completely eliminated cases of burning-through
of the shoulder {sic] on the head of the pistor. Incidentally, the latter was
also contributed to by the change on some modific.:ions of the engines from the

Cu-Si-Al alloy formerly used for the pistons to heat-resistant Silumin with
11 - 13% silicon.

The crankshaft is one of the fundamental parts whose service life limits
the overall iife of the engine. The design features of the crankshaft to a
large degree determine the character and the amount of wear of the main and
connecting rod bearings. Thus, although the GAZ-51 engines have proven them-
selves to be outstanding over the long period they have been on the scene,
until recent years there have been very frequent occurrences of near-melting of
the second and fifth crankshaft bearings, under service conditions. Only in
1967, thanks to the research of the Gorki engineer A. A. Kuz'min, did it seem
possible to find a design solution to prevent this phenomenon. The research
discovered that nonuniform oil pressure arose around the journals of the middle
main bearings during engine operation. The maximum pressure was developing on
the side of the journal opposite to the exit opening of the o0il passages which
feed 0il to the connecting rod bearings. The oil was fed to the second and fifth
= connecting rod bearings from the zone of minimum pressure. This caused under-
3 feeding of the oil, near-melting of the bearings, and even scoring of the crank-
: shaft journals. When crankshafts with oil passages which fed oil to the connect-
ing rod journals from the zone of the maximum pressure developed in the gaps of
the main bearings were put into productior at the GAZ, this deficiency was
removed, and thereby the life time of the crankshafts in GAZ-5! engines and their
modifications was increased.
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Since 1957 at the time of vhe initial mass production run of the GAZ-21A
engine in "Volga" 2utomobiles at the Gorki Motor Vehicle Plant, the manufacture
of crankshafts made of type YCh-50-1.5 nodular cast iren with with a coating on
top of the casting scale contour has been in effect. The cast iron crankshafts
3 wear from 2 - 3 times less than the crankshafts on GAZ-20 and GAZ-69 engines.
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B Fig. 24. Effect of Certain Factors on 0il Burning and Gas Blow-By
in Flathead GAZ CZngines:

a -- crankcase ventilation:
= 1 -- GAZ-69; 2 -- GAZ-51;
f 73 -- without ventilation; N -- with ventilation
> b -- width of beveled edge of compression rings:

EZB -- beveled edge 3.08-4.18 mm;
K] -- beveled edge 0.45-1.00 mm;
Ega -- without beveled edge

¢ -- elasticity of the piston rings:

-- elasticity within limits of TU [Engineering
Specifications];

V K] -- elasticity lowered by 300 - 400 gr [Transliator's

E note: Unknown abbreviation.]

i

The results of measurements of crankshaft journals of engines in operation
in the motor pool at the Gorki Motor Vehicle Plant and in other motor pools
showed that wear of the crankpins of cast iron crankshafts is nearly 4 times
less, and that of the main journals is 1.8 times less than journals of steel
crankshafts. Wear of the crankpins of GAZ-13 engines is 2.3 times less, and
that of main journals is 2 times less than on the steel crankshalts of GAZ-12
5 engines. About the same numerical relation applies between the wear of the
= journals of the cast iron crankshaft of the GAZ-53 engine and that of the steel
: crankshaft on the GAZ-51. This appreciable advantage of cast iron crankshafts
= is explained first of all by the high durability and wear resistance of nodular
cast iron, as well as purely design factors -- namely, excessive lining of the
crankshaft journals at the expense of ~rankpin diameter, manufacture of joumnals
with hollows having spaces tc catch wear products, and the fact that the GAZ-21
has five pillow blocks.

b

il il

s

i

The bearing inserts are alsc involved simultaneously with the above design
means of increasing engine life. In this respect, connecting rod bearing in-
serts made from ferroaluminum strips displayed substantially higher fatigue
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strength than the formerly used trimetallic inserts and metalloceramic sublayer ,
and even more so than bimetallic inserts with S0S-6-6 alloy antifriction coatings;
and they allowed a higher gap in the friction pair crankshaft-bearing insert.

The contemporary tendency to increase the rated power and the rpm of the
crankshaft has a notable effect on the cperatiag conditions of the parts of the
valve-camshaft mechanism. To increase their reliability, overhead location of
the camshaft is bzing used increasingly widely abroad. This eliminates devi-
atiors from the valve lifting relation furnished by the shape of the cam. The
use of an overhead camshaft decreases the number and the weight of the parts of
the valve-camshaft mechanism. Thus, on the Pontiac 216 engine, tte weight of
the parts was reduced by 45% and the inertial force acting axially on the valve
was reduced by 27%. The drive mechanism of an overhead camshaft is somewhat
more complex than that of a camshaft located in the cylinder block, but this is
entirely justified by the increase in the relizbility of the total design. Of
the engines in the planning stage at the Gorki Motor Vehicle Plant, the use of
an overhead camshaft is planned only in the design of the V-6 6-cylinder engine.

In recent years, in connection with the operation cf engines under higher
thermal stress and the use of high-ethyl! gasolines, exhaust valves have re-
quired the highest order of attention. As a result of lengthy exploratory re-
search, the most suitable combinations of materials for valves and for the
heat- and corrosion-resistant surface coatings on the faces of valve heads have
been found. Thus, for GAZ-51 engincs intended for export and for use in the
South, for certain modifications of GAZ-69 engines, and for GAZ-21A engines,
the valves are made of EP-303 steel; for the D and DI modifications of the
GAZ-21 engine with high compression, valves made of EP-303 steel with WChNi-1
coatings are used; and for all V-8 ZMZ engines, the valves are of EI-992 steel
with WChNi-1 coatings and sodium filling.

The change to cast iron camshafts in combination with steel tappets will
be accompanied by a substantial increase in the life of the parts of the valve-
camshaft mechanism. At present this method is in the stage of design and
engineering develcpment. The advantage of such a change is connected with the
fact that the existing classical design of the steel camshafts of GAZ and ZMZ
engines with tappets having cast iron coatings with subsequent phosphatization --
which has fully proven itself in the GiZ [sic] and GAZ-2i engines -- does not
provide the required running-in and wear-resistance properties of the fitted
parts in V-8 ZMZ engines.

The theoretically- and experimentaliy-based choice of initial clearances in
fitted parts assemblies is another design means of increasing engine life.

The chief criteria of proper setting of the initial clearances are the
furnishing of the best lubrication and maximum heat conduction from the friction
surfaces, as well as the minimization of pulsating loads which intensify the
development of stress fatigue. In the present research work over 1G0 samples
of engines of various GAZ and ZMZ models were inspected, and some of these under-
went testing for long running times in vehicles following their test stand test-
ing. Evaluation of the break-in qualities and wear resistance of fitted parts
assemblies with various initial clearance values was carried out visually, by
micrometry, and also from indirect indicators -- nameiy, oil burning and gas
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dlow-by into the engine cramkcase.
ducted under the previously adopted test conditions for fully broken-in engines

In the latter case the evaluation was con-
{Fig. 25).

bz 120
=300 g - 100"‘;
=8l (s =25t 2
"{35&%?3% FIRP Sigh !
2o L] 0
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: a) d) a 2

Clearances in fitted assemblies, mm

Fig. 25. Evaluation of Optimum Clearances in Fitted Parts
sssemblies from the Indices of CGil Burning and Gas

Blow-By:
a -- cylinder - piston skirt; b -- cylinder -
piston head; c¢ -- piston - piston ring;

d -- bushing - inlet valve; e -- bushing -
exhaust valve.

It was found that in the fitted assembly cylinder - piston skirt in the
direction of the working part of the skirt the initial clearance should be
between 0.006 and 0.018 mm, for pistons made of high-silicon Silumin. These
limits are optimum with respect to wear resistance and running-in properties of
the fitted assembly. The clearance between the upper zone of the piston and the
cylinder wall has a substantial effect on the subsequent sticking of the upper
piston rings and pitting of the piston in the upper groove behind the ring. A
theoretical and experimental study of this prcblem by B. Ya. Gintsburg showed
that it is necessary to minimize the clearance in this fitted assembly in order
to reduce the flow of gas in the zcne where throttling occurs and to increase the
heat transfer from the piston head tc the cylinder wall.

Studies carried out at the GAZ confirmed the advantage of setting the min-

imum possible clearance in this fitted assembly; the range determined was
0.2 - 0.3 mm.

The end gap in the fitted assembly piston ring - piston groove influences
the pumping acticn of the rings, the blowing of gases from the combustion cham-
ber to the engine crankcase, the vibration of the rings during operation, and
the zesistance of the rings to gumming up. Most of the experiments, as weil as
more thorough studies, carried out at the Gorki Motor Vehicle Plant confirmed
that it is necessary to set the initial clearance sufficiently small to lower
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the gas blow-by and, to some extent, the o0il burning, but sufficiently large to
ensure movability and twistability of tne ring in the grnove. For GAZ and ZMZ
engines the optimum ranges of these clearances are for the upper rings 0.050 -
0.082 me, and for the other rings 0.035 - 0.067 mm. The gap between the inside
surface of the ring and the bottom of the piston groove does not have a sub-
stantial effect on oil burning and gas blow-by.

The operation of the fitted assembly piston - wrist pin - connecting rod
is associated with applied loads which change in sign under conditions of insuf-
ficient lubrication. The clearance in this fitted assembly should ensure fluid
friction with a minimal layer thickness. Most investigators consider it expedi-
ent to choose a small clearance, since a lsrger clearance lowers the margin of
safety of the fatigue strength of the wrist pin and the piston head. When the
clearance in the above fitted assembiy is s+tremely small, however, the oil film
may break due to deformation of the wrist p.n. Also, extreme tension in the
pressing of the wrist pin into the piston causes piston deformation, and some-
times scoring and premature wear of the piston skirt in the direction of the
axis of the wrist pin. This forms the basis for the recommendation that these
clearances be between 0.0025 m and (tightness minus 0.0025) mm in the connect-
ing rod - piston group subassembly.

The greatest number of experiments on the problem of choosing the initial
clearances hac been devoted to the fitted assembly consisting of shaft and bear-
ing. The intensity of work on this question is a result of the direct effect of
this clearance on the wear resistance of fitted paris and the life of the engine
as a whole. Test stand and road tests have shown that the minimum wear of main
crankshaft journals and crenkpins and their corresponding inserts takes place
with initial clearances in the range 0.03 to 0.08 'm and 0 03 to 0.07 mm, respect-
ively. Studies have shown that smaller or larger clearancts cause premature
fatigue-related spalling and chipping of the working laysi of the bearing in-
serts, arising either as a result of contact friction or from the increase in
the dynamic load on the bearing inserts, respectively

The optimum range of initial clearances in the f{ittet assembly camshaft
journal - bushing is also 0.03 - 0.07 mm. The effect of the operation of other
parts of the valve - camshaft mechanism on their resistance to iear also depends
to a significant degree on the values of the initial clearances in the fitted
assemblies involved. Thus, when the clearances in the pair consisting of the
guide bushing and the inlet valve are increased from 0.03 to 0.15 mm the average
indices of oil burning in M-20 and GAZ-69 engines increase from 57 to 117 g/hr,
and in GAZ-51 engines from 161 to 302 g/hr, i.e., oil burning almost doubles
when the clearance is increased to 0.12 mm. In Table 10 actual current values
of clearances are shown, along with optimum values found by workers in scientific
research laboratories, for certain fitted assemblies of engine parts.

Engineering Methods of Increasing Engine Life
The technological possibilities of lowering engine wear and increasing

engine life have not only not been exhausted up to thz present, but are not
well enough understood. Despite the iarge amount of research carried out in this
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direction, there are no well-founded recommendations for assigning initial
parameters of surface quality, sufficient attention has not been given to

the influence of processing methods on the wear resistance of surfaces, and
there are no generalized recommendations as to methods and conditions of
factory running-in of engines. Particular inconsistencies are seen irn the
sctting of microgeometries of the frictiecam surfaces of engines. All this has
pointed out the need for the research at the Gorki Motor Vehicle Plant in which,
ir all, over 60 engines of various models from the Gorki Motor Vehicle Plant

and the Zavolzhsk Motor Plant were measured to determine the single effect of
initial microgeometry on wear.

Table 10.
Clearances from design Optimal
drawings, mm values of
e i T clearances
= Fitted friction surfaces ' Flathead Gverhead of GAZ
5 of parts i GAZ valve ZMZ and ZMZ
°  engines engines | engines, mm
3 ;from to {from to ‘' from to
%. _ — = oo. - ———— b
Cylinder - piston skirt 0,006 0,030 | 0,000 0,024 | 0,012 {0,024
Cylinder - piston head 0,310 0,430 | 0,275 10,375 0,200 [0,300
E Upper piston groove - piston ring -| 0,050 0,082} 0,050 10.082{ 0,050 |0.060
pPiston - wrist pin ~0,0025 {0,0025/—0,0025 |0,0025(--0,0025 10,0025
Connecting rod bushing - wrist pin-— 0,0045 10,0095 0,0045 10,0085] 0,0045 [0,0005
Main bearings 0,026 10,083 0,025 {0,083! 0,60 ;0,080

TS,

0,026 10,0771 0,026 {0,077 ! 0,030 [0,070
0,030 0,077 ; 0,050 0,097 | 0,030 10,070
0,065 0,107 | 0,075 {0,117 § 0,065 10,100
0,012 0,0.24 0,015 {0,033 | 0,005 0,012

Connecting rod bearings

Guide bushing - inlet valve

i

Guide bushing - exhaust valve

Iyl

bl iR S

Openings in the block for the tappet

The microgeometries of almost all the basic friction surfaces of the parts
of the cylinder - piston group and the crankshaft - connecting rod and valve -
camshaft mechanisms were measurcd. The measurements of the smocthness of the
friction surfaces were made with a KV-7 profilometer, type 740 (buiit at the
Gorki Motor Vehicle Plant) connected to a MPO-2 oscillograph, and also by a
201 profilograph - profilometer. Parts from 29 GAZ-51, GAZ-69, GAZ-21 and
GAZ-13 engines were measured after having been run-in in 100-hour test stand
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tests, in order to determine the optimal values of smoothness of the friction
surfaces, with respect to running-in.

From these measurements it was established that, outside of the initial
values of smouthness stipulatea by the upper limit of the plant specifications
and GOST 2789 - 51, and differences in engine modeis, the parts acquire
a new microgeometry which is optimal from the fo.nt of view of surface conditions,
under favorable cornditions of running-in (Fig. 26). These new values, however,
still cannct be recc mended as initial vaiuves, since in setting smoothnesses of
surfaces of parts it is customary to also take into account the length of
running-in, the subseguent wear resistancs of the fitted assembly. and the
economic expedicncy of the given values under production cenditions.

All these indices togerher determine the best value of roughness to be
taken as a basis for prescribing the microgecmetzy of ttre parts.

With the aim o ~ determining the character and dynam:.s of the ruaning-in
propertics and wear resistance of the parts, 40 samples of models of GAZ-51,
GAZ-69, GAZ-21, and GACZ-13 engines were subjected te 100-hour and 400-hour
tests under loading, and three GAZ-51 engines and four GAZ-12 engines were
subjected tc long road tests on vehicles. Frictioa pairs with various
conbinations of surface _moothness were selected for the various engines.
Thus, the most smooth cylinders were matched with the smoothest, medium, and
roughest pistons; and cylinders of medium smoothness were also matched with
the smoothest, medium,and roughest pistons; 2 i1 sc cn, for all the parts
friction surfaces under study. The condition of the parts friction surfaces
of the engines was evzluated after 45 min and a{ter 25, 80, 100 and 400 hours
of operation on the test stand, and after service mileages on vehicles of
35 and 75 x 103 km.

The average results of all the test stand and service tests are plotted and
generalized in the diagrams of Fig. 27. The left end of each of the plots
corresponds to the initial values of the microgcometry of the parts; and these
change in the course of the testing of the engines. The cross-hatched zone
characterizes the values of microgeometry which, other conditiivns being equal,
guarantee good running-in of the parts surfaces surveyed. The curves located
above and below the cr-ss-hatched zones designate those microgeometries in
which, in a number of surfaces, sources of scoiing which were smoothed away
in subsequent operation of the fitted assembly were present. In certain cases
these caused high wear of the engines. 3pecifying initial measured values of
microroughness lying beneath the cross-natched zcne is not economically
justified, even when scoring is not present, since with further
operation not cnly improvement but also Jeterioration of the smoothness in
comparison to the initial values may be observed.

Analysis of ali the above diagrams, despite their approximate nature which
is connected with the processes of disassembly and assembly of the engines,
makes it possible to conclude that the short duration running-in at the factory
achieves only small progress toward the microgeometry of the parts which is
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Fig. 26: Optimal Microgeometry of Parts of Engines Produced at the
GAZ and ZMZ -- Values Reached in the Running-In Process

Key: a = Cylinder surface A = Connecting rod bearing insert
6 = Piston skirt m = Camshaft journal
¢ = Cylindrical surface of ring A= Camshaft bushing
d = End surface of ring & = Valve stem
e = Piston groove £ = Valve guide [bushing]
# = Wrist pin 9 = Tappet rod
3= Piston boss £ = Tappet guide [bushing]
% = Connecting rod bushing S = Tappet head
[ = Main crankshaft journal ¢ = Cam
J = Main bearing insert 2 = GAZ-51, etc.
4 = Crankpin
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Fig. 27: Variatior of the Microgeometry of Parts of Engines Produced
at the GAZ and ZMZ -- In the Process of Test Stand Tests, and
During Service on Vehicles

Key: ¢ - = same as Fig. 26 & = Before running-in
M} = Microgeometr; of friction 4 = 45 min
surfaces of parts, Ra 3 = 25 hr
Z4q = 35,066 kn

= Period of measurement

optimum from the point of view uf breaking-in. In most cases the optimal
microgeometry is reached after corpletion of the microgeometric running-in of
the friction surfaces of the parts. In the absence of scoring, grooves, and
other defects it did not seem possible in the course of the investigations

to determine the effect of initial microgeometry of the parts on the initial
and settled wear. High wear levels occurred only in extremely smooth or
extremely rough surfaces, as a result of scoring. The limits of initial rough-
ness of parts surfaces found from the research to be optimum from the point of
view of break-in, wear, and eccnomy are given in Table 11.
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Particular attention at the Gorki Motor Vehicle Plant has been given to the
study of the effect of initial macrogeometry of the parts on the technological
condition and the life of engines. Thus, over the last 10 years more than 500
engines of various GAZ and ZMZ sodels have beean studied along these lines, with
determination of the initial and subsequent macrodeformations b -._ainary
micrometry, aided by the method of incised holes (UPOI device) and also with the
use of an MPG-3 macroprofilograph.

In studies of cylinders and pistons the effect of macrodeformation was
evaluated by the first two methods as well as by indirect methods -- from the
0il burning and gas blow-by.
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Macroprofiiography was performed on wrist pins and openings in the piston
bosses and in the connecting rod bushings, and alsc on main journals of the
crankshaft and supporting journals of the camshaft.

In this, holes of a set depth were preliminarily cut out in a nucber of
parts, to enable following the magnitude and character of wear of the studied
surfaces in subsequent neasurenents and cozpar_sons of macroprofilograms. The
zethoa of this type ferevaluating wear was developed in collaboration with
co-workers L.A. May, V. X. Komissarzhevskava and A. E. lsakov of the
NIITAvitoprom. The restlts of highway tests of vehicles, test stand tests of
reliability according to GOST 491 - 55, and accelerated test stand tests w.th arti-
ficral adeixture cf dust to tha air 2nd oil were used to evaluate the effect of
initial shape error of parts on their <ubsequent wear.

The cyi*nders of zuto-ot:ve engine blocks were subject to the most deviation
froz circular shape, because of the complex casting configuration which they
have and the?dr insufficient rigidity. The limiting value of ovality of the
cylinders givea in the design drawings, 0.¢2S = after iassemuly and engine
brezk-1n, is frequently exceeded, causing increased oil burning and gas biow-by.
The increase of these indices causes a sharp dislocation of the heat talance
of the engine, drying of the o0il film on the cylinder walls, and, in the finai
analysis, =ore intense wear of the cyiinders and piston rings. Cases have
often been noted in which an initial ovality cof the cylinders above 0.05 =
skortens engine life by over 1.5 - 2 times as a result of progression of the
effect with continued operation.

The studies showsd that an initial ovality of cyvlinder sleeves of
GAZ-21 engines of over 0.04 =3 progresses to 6.10 - 0.12 == at the end of
400 hours' or-ration under load, while for an initial ovality of up to 0.025 =3,
specified in the requirements of the desigan drawiangs, the subsequent ovalization
usually does not exceed 0.05 - 0.06 =n. Methods aimed at increasing the stability
of the initial gecometric parareters of cylinders in engines were dzveloped at
the Gorki Motor Vehicie Plant and the Zavol:zhsk Motor Plant; of these the most
significant was the use of artificial "aging" of the stock pieces.

The introduction of this and other measures, however, is onlv a onz-sided
solution to the problem, since up to the present the motor vehicle plants
have not relizbly furnished piston rings with the proper geooetry. This has
led to an increase in the local clearance between the ring and the cylinder
surface, causing  increased oil burning and gas blow-by.

Macrogeo=etric deviations in the piston skirt have a deleterious effect
on its running-ia to the cylinder and sometimes are the source of scoring.
This points to the need to set higher standards for the machine tooling of the
piston skirt and to imcrease its rigidity, and to put into production pistons
with Invar inserts. The nost frequent deviations under production conditions
are the macrogeometric deviations of the grooves in the piston underneath the
piston rings. These chiefly amount tc the deviations from flatness and from
perpendicularity of the end surfaces of the grooves to the axis of the pistor.
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They prevent normal operation of the piston ring - groove {itted pair. Thus,
gradual carburication, gumming up,and breaking of the piston rings occurs.

In contrast to cylinders and piston rings, the fitted assesbly consisting
of the wrist pin, the piston boss, and che connectiprg rod bushing does not
limit the reliability or life of GAZ and ZIMZ engines; and this book wiil not
treat the relations between wear in this fitted zssezbly and the initial
shape deviations of the parts which have been discovered. The 20st interest
is com=anded by the dependence of wear resistance of the crankshaft journals
on initial shape errors.

Analysis of recorded macroprofilegra=s snabled the conclusion that the
mimatial ovality of tne =ain journals in Dost cases progresses as the
engine tests proceed; the large axis of the oval is =ds1 often oriented in
the dirsction perpendicular to the axis of the keyway for tke end bearings,
and with a2 definite angular displacement with respect to the rotation of the
shaft for the = ddle main journals. In all cases it was noted that as the
ini1tial out-of-round of the shape of the journals was increased, in addition
to an increasce in journal wear the conditions of operation of the bearing inserts
deteriorated, leading to an :acrezse in contact stresses, spalling, and chipping
of their working laver. Special observations of the operation of 250 engines
of various medels established that it is advisable to decrease the tolerances
for ovality, comicity, and saddle-shapedness of the crankshaft journals from
0.01 to 0.006 ==. By doing this it 1s possible to extend the period of operation
of bearing inserts 1.5 - 2 times without the appearance of sources of spalling
ard clhipping of their working surfaces. The initial barrel-shapedness of the
journals 1s co=pletely inadmissible; it causes the developzent of scoring of
the imserts during the running-in process. The wear along the straight cylindri-
cal edges of the main crankshaft journals in Dost cases proceeds nearly
uniforaly, as a function of the initial deviation froz= true shape.

The maximems wear vaiuss occur on both sides adjacent to the —one of the
o1l groove in the inserts. This pattern of maximum wear is explained by the
expulsion of wear products fro= the oii greove and the =bedding of these
in the neightcering zomnes.

In addition to the above-enumerated parts, the supporting journals of the
canshaft of various =odels of GAZ and ZMZ engines were subjected to analysis eof
the effect of initial =macrogeometry on subsequent changes and wear.

It was found that the change in the for= of the out-of-round of the
supporting journals before and after engine operation was insignificant. The
initial deviations from straightness in the shape of the supporting journals
of the camshaft determine the character of subsequent shape variation and the
magnitude of the wear. In analogy with the data on crankshaft journals it
should be noted that errors in the shape of the supporting jcurnals of the
caxcshaft have a non-negligible effect on the gquality of rumning-in and the
ievel of wear of the bushings; accordingly, it is also desirable tc limit the
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tolerances for initial deviations in the supportirg journmals to 0.006 o==.
On the basis of the zentiocned research and 2 nuzsber of other researcaes it

was found to be advantageous to reconsider the tolerances for imitizl deviations
in the shape of certain parts {Table 12}.

iy e I : Allowzble value, ==
Initial shape deviation . 2 s
s *in design draxings lrecozzendeﬁ
- 1
Ovality of cylinders ¢.025 ; 0.020
H
Conicity,. ovality, and saddle- i
shapedness of crankshaft journals ¢.010 0.606
]
rrel-shapedness of cranishaft
journais not specified i forbidden
Conicity, ovaiity, and saddle- 1 :
shapedness of cazshaft journzls - 0.010 €¢.006

in =4dition to the above, z very serious engineering factor affecting
engine wear is the =method of finsl mechanical machining of the {riction
surfaces of the parts. A large nusber of research reports have been published
which were devoted to the study of this interrelationship, with other micro-
and macrogeometcric parzzeters being equal. OFf the 2ost receat work in this
field the appiication of dizmond honing of the cylinder walls of zutomotive
engines tu repiacs the honing with zbrasive bars used previocusly, is of
intersst. The replacing of the silicon carbide or synthetic corundim by
grasmules of synthetic dizzond does not im principle change the physical bases
for metal resoval in honing, but it improves the quality of the machined suriace
so=exhat. Tne research was carried out at the Gorki Motor Vehicle Plant and
the Kiev Institute of Hard Materials. Thirty engine blocks of GAZ-5i engines
were prepared for the study with cylinders honed by dizmond and by abrasive
hones. The honing of the cylinders was carried out directly under factory
production conditions.

K~-3% S7ZK bars were used for the

rough abrasive honing, and K2M 28SMiK
bars were used for the szooth honing;

znd ASP-10 and ASM-28 bars, respectively,
were used in the diamond honing. It was founé in the course of the machining
of these cylinders that tie synthetic diamond bars are 56 - 65 times =z=ore
durable than the zbrasive bars. The quality of the machining of tae cylinders
was evaluated fro= the micro- and macrogeometries of the surfaces, as well froz
the physical condition of the surface layers of the =metal.
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In contrast 0 the surfaces honed with the abrasive bars, which showed
iraces of the movement of the separate grains of the instrument and strizted
indentations with respect to the lengthwire straight dimensions of the cylinder
surface, the surfaces whichhad been honed with the diamond bars were character-
ized by uniformity and the s=oothing over of irregulasities. Tests established
the greater stability of the micro- and macrogecmetries of cyiinders. pistoms,
and piston rings after diz=cnd honing; cylinder wear was 13 - 15 microas :ess,
piston skirt wear was 3 - 5 microns less, and wear of the upperdwszed piston
rings was 40 - 50 m=icrons less. Tners are other characteristic examples of
the effect of methods of smocot!s machining of surfaces on subsequent wear. Thus,
in laboratory tests of cngines in collaboration with the NIITAvtoproz it xas
estatlished that csrtain processes which zre inherent to high intens:ty polisiung
Jead 1o the develop=enti of a damaged defect laver on the parts surfaces xhich
has 2 deleterious effect on attrition and shock, and lowers the wear resistance
of the parts. Trus there is a nsed for 2 technological oparaticn to foliow
polashing xh.ch can 1émove this laver without distorting the geczeiry of the
surfzce and which can provide tne required degree of smcothness  The co-worlers
V. X. Zexmissarzhevskars and A. E. Isakoy of the XilTAvtoproz sroposed uicro-
finishing with removal of the defect layer as such z post-fin:shing operation.
These met far from eacompess the wide technological possibilities for
increasing wear resistance of ongine paris; these are mumerous and widely
discussed in publications.

The final technological operation in engine manufzcture is running-in
in which the fr:ct-on surfaces of the parts are smoothsd and residuzl pari:icles
of zbrasive are cleazned nxay, and the quaiity of the reals z.:d the performaace
capability of th> assesbled eagine are tested. Under comditions of tezporary
large-scale serial prozuciicn the nmning-in of the engine is cozpleted gquickly.
The duration degzends  =ainly upon the degree of techrological sophistication
of the enterprise. The higher it is the iess tire is spent on this process.
This is why S - 10 times more time is spent im numning-in of engines ia vehicle
overhaul plants -- because the parts in overhauled engines under ex
of overhaul regquire 2 more intensive iriti2l meoming-in. A great dezl of
rescarch he2s been devoted to problems of choosing the conditions of short-tize
factery mmning-in and the effcct of these conditions upon engine wear and
engine life.

i 1

2]
L)

As a result of 2ll this research it can b» considered sertled that th
effect of varicus conditions of factory rmming-in of eagines on subseguent
engine life arises mainly in gross viclation of the regulatious for short-time
nimning-in. Under these regulations extrexmely iarge ov too-szall speeds and
loads are not permitted to be applied to  frictica surfaces of parts which
have not been run-in. Thus, premature wear ia the cvlinders has more than
once beea artificizlly induced due to running-in of the engine at high rp=
im=ediately after starting.

¥hen new engines are broken in at rp='s lewer than 500 - 600, the

lubrication conditicns of the fitted parts are =arkedly inferior, and the
wear of the crankshaft bearings is high. The viscosity, lubricity, md cccling
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capacity of the lubricating oil have a significant effect on the quality and
duration of running-in. O0il with too low viscosity promotes scoring and

extreme initial wear of the fitted assemblies. This later causes high service
wear. The addition of appropriate additives to 3uch an cil normalizes the
process of running-in and prepares the engine for receiving the loads encountered
in service. O0il with high viscosity retards the process of initial running-in
and sometimes lowers its quality, as a result of the inferior penetrability,
detergency and cooling capacity of high viscosity oil.

In order to guarantee the proper running-in of fitted assemblies it is
necessary to determine the optimal and efficient sets of conditions for
running-in individually, for each engine model, taking into account not only
design peculiarities but also technological ones pertaining to that engine.
Thus, for GAZ-20 and GAZ-S51 and their modifications it was found at the
Gorki Motor Vehicle Plant that only hot running-in at idle is expedient. For
engines from the Zavolzhsk Motor Plant in the period when the new models were
adopted it was found necessary to have a preliminary cold running-in. The
lack of sufficiently comprehensive computational methods of assigning sets of
conditions for running-in makes it necessary to solve this problem empirically.
In this process, the optimal conditions of running-in for each engine model are
determired first, and then the efficient conditions. The optimal conditions
are those which guarantec the desired quality of the initial running-in of the
friction surfaces of parts in the engine.

The efficient conditions of running-in, on the other hand, also make
provision for the minimum cost of time and resources on the running-in of parts
under production conditions. From existing methods of evaluating the quality
of initial engine break-in under various sets of conditions and additives to
the oil, the break-in conditions for GAZ and ZMZ engines which are presently
most suitable have been established.

The maximum amount of iron found in the o0il in the minimum time has
been taken as the criterion of the intensity of running-in here.

Currently at the Gorki Motor Vehicle Plant preparations are being made
to introduce into the production process engine break-in with "Industrial-20"
oils with DF-11 additive, containing 10% sulfur and S% phosphorus and zinc.
This additive is added to the 0il to the extent of 2.5 - 3%; its various compon-
ents provide antioxidant and antiscoring properties for the parts friction surfaces.

Operational Methods of Increasing Engine Life

There is a whole range of approved methods in the arsenal of ways and
means of increasing engine life under conditions of vehicle service. They are
connected with conditions of starting of engines where the vehicles are stored
out of doors, with the scheduling of periods of o0il changes and filter cleaning,
with the use of the proper types of oil and gasoline, with timely shifting of
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the transmission in the driving of the vehicle, and with provision for the
required conditions for e in winlertime.

These ard many other nmetheds are dezalt with in detzii in the literature;
nonecheless, the operational possibilities for extending the service life of
eagines are far from having bsen exhausied.

Soxe of these possibilities relate to the imitial period of operation of
engines, i1¢ the process of which the preparation for receiviang operational
loads is effected. This Xiad of preparztion period is inherent to most models
of zutomotive engines, which, as a result of the specific conditions of contin-
wous mass production in their manufacture, undergo only a2 brief factory rumning-in.

The Dreak-in period of an zutomotive engine regquires particular czre, since ia

ihis period scoring and premature wear of the friction surfaces are particuiarly
likely to develop, as z result of the increased specific pressure in the fitted
. ]

= parts assemblies, and the instabiiity of the clezrance dinensions and of the

: i v of the oil film. Repeated tests have shown that full loading of an

] engine direcily after factory rumaing-in leads to cyliader wear eguivaiaat to
40 - 50 = i0? k= of vehicie travel, after caly 100 hours of testing in accor-
dance vith plant engimecering specifications. The eagine break-in peried

on the vehicle is over in, on the average, 2.5 - 3.5 x 103 k= of vehicle travel.
in practice, 2 iizmiting plate is sometimes inseried between the carburetor and
the intake manifoid in onder to preveat the possibility of overlozding of an
2utomebile engine which has not yet been broken in.
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The diameter of the flow opening of such a plate is chosen experimentally
with the idea of limiting the load on the parts to, cn the average, 25 - 35%
of the maximm load acting upon the part im a fully broken-in engine. Limiting
plates are not wsually installed in truck engines, because they have govermors

ich 1imit the rp=. From visual observaticn through 2 transparent waill in

H

%

the mixing chasber of the irtake mznifold, it was determined for the process of
zixture formation in the operaticn of four- and six-cylinder engines that
decreasing the fiow cross section not only decreases the zmount of gasoline -
2ir mixture entering the m=znifold, but it 2lso changes the quality of the =ixtur
dus to the drepping out of liguid phase fuel.
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This is artributed to the increase in the aerodyvnazic resistance in the
intake system and tc the development of stagnant zones which lower the speed
of the onceming mixture, particularly in the operatisn of engines with low
crankshaft rpm; and these :zones also have a negative effecc on the umiformity
of distribution of the mixture among the cylinders. As 3 resuit, the cozbustion
process deteriorates, gasoline sweeps away the oil film from the cylinder surface,
axd carben deposition in the cozbustion chazmber and on the piston heads
is increased. Increased carbon deposition, as is the case with other deposited
siudge and encrustaticas, is known to damage heat transfer in the engine,
pro=ote bura-through of pistons and pistom rings, and, in the final amalysis,
sharply shorten the service life of the engine before m2jor cverhaul.
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A group at the laboratory of the Corki Motor Vehicle Plant has proposed
limiting the load on automobile enzines by limiting the rotation angle of the
throttle valve with the aid of a stop screw.

In comparison with a limiting plate, at the same rpm, torque, and effective
power, tiris cethod resulted in a lovering of the specific gasoline consumption of 4-
cylinder GAZ engines by 26 g/effective hp/hr, and that of six-cylinder GAZ
engines by 11 g/effective hp/hr, and the reduction of scale formation by, on the
average, 5%. However, it is preferable to totally eliminate any limiting of
the mixture feed and to carry out a proper break-in, because it is dangerous
to drive an automobile for the first 2 - 3 x 103 km of its running life with
speeds and loads limiteé. This [sic] results in a lowering of scale deposits
in this initial period by 20 - 23%. It is one of the effective methods of
increasing engine life in the initial period of service. Not only speed and load
conditicns, but, overridingly, thermal conditions of operation exert a significant
effect on future wear of ¢ngines.

A number of studies have been devoted to problems of optimum thermzl
conditions from the point of view of engine life under service conditions
on vehicles. Thus, according to the rescarch results of L. Dem'yanov, luwering
the o0il and water temperature from values of 75°C to 50°C on a GAZ-51 engine --
other conditions being equal -- causes overall wear to increase by about 1.6
times, and lowering the temperature to 25°C results in an increase of 5 times.
There are other dazta which confirm the effect of the thermal state of the engine
on wear.

On the basis of these data at present the problem of maintaining the
required thermal cenditions in the encine is in principle solved by the use
of thermostats and louvers in the cooling system and fans which can be cut
out. But these design sclutions 3re sometimes not enough, and additional
measures are needed to maintain “he necessary thermal conditions. Thus, on the
basis of studies carried out by Yu. M. Panov of the thermal state of an engine
under winter and summer conditions of service on a UAZ-450 vehicle in the
Corki and Ivanovsk regions it was determired that when the temperature of the
surrcunding air is below -30°C, beside complete protection cf the louvers
it is necessary to cover the engine with heating blankets. In the same
studies it was found that in order to lower wear after starting of the engine
it checuld be run at idie and medium rpm of the crankshaft to zchieve warm-up
until the water in the radiator is arouand 40°C. Cniy after this should the
vehicle be put into motion in low gear, and significant increase in the loading
of the vehicle should be avoided until the temperature of the cooling fluid
reaches 80 - 90°C.

The qucstion of the mechanism of engine wear during starting cannot be regarded
as being well understood up to the present. The available experimental data
connect substantial wear in the start-up process of engines with the variation
of the operating cenditions of the cylinders and piston rings under the influence
of the s<eeping away cf the residual oil film by the unvaporized part of the fuel
and con<ensed moisture, with the sharp thermal defcrmation of the parts, etc.

Many scientists believe that start-up wear has its origin in corrosion. Studies
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of this uallow one to hypothesize that such wear has more of a molecular
mechanical character than a corrosion character, and is chiefly caused by
insufficient lubrication in the starting of a cold engine. In the field of
lowering start-up wear, not only the search for methods of quick engine

warm-up but also the increase in the stability of the viscosity and other
physical and chemical properties of the lubricating oil will evidently be of
decisive importance. In many respects it is the properties of the oil which
ultimately determine the character and the dynamics of wear, since it is the

oil which substitutes liquid, semi-liquid, or, as the case may be, boundary
friction for dry friction, while removing heat from the working surfaces of the
parts. The resistance of the oil to being squeezed out from the gaps between
the parts, its resistance to aging, and its anticorrosion properties are

among those parameters which to a large degree determine parts wear, in addition
to the viscosity of the oil and its chemical and physical stability. Researchers
have noted that it is normal to have a 3 - 5 times variation in the wear of
cylinders of an engine depending on the properties of the lubricant used.

At present particular effort is being devoted to the problem of the
application of lubricating oils: depending on the purpose for which the oil
is intended, additives are being incorporated which increase the strength of
the oil film, decrease the scale formation, or perform multiple functions.

The physical and chemical properties of the gasoline used also have a major
effect on engine wear under service conditions. Among the basic qualities of
gasoline which can be analyzed and which affect engine life are the fractional
makeup, the chemical stability, and anticorrosive and antiknock properties.
The effect of these qualities on the service life of engines is thie subject of
special research and measurement, and in this bock this problem is discussed
mainly with reference to the literature sources.

On the basis of studies of the effect of the final distillation temperature
of the gasoline upon wear it was noted that the use of gasoline with a final
distillation temperature of 170 - 180°C lowers engine wear by 35 - 48% in
comparison with the use of gasolines with a final distillation temperature
of 218°C. Gasoline with an extremely light fractional composition no longer
gives a substantial positive effect. Increasing the content of high-boiling
fractions, on the other hand, causes strongly increased oil dilution.

The substantial effect which higher final distillation temperature has upon
wear can be attributed to the sweeping away of oil from the walls of the cylinder
and to general dilution of the o0il in the engine system.

The antiknock properties of the gasoline have just as strong an effect
on the service life of the engine.

In the various engine models the knock modes of operation usually develop
at 100% load and medium crankshaft rpm, apart from the dependence upon engine
design features such as compression ratio, combustion chamber shape and cylinder
diameter. Under service conditions such knock modes correspond to rapid acceler-
ation of the vehicle or uphill movement on a smooth road under high load. The
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development of knocking is caused by the use of gasolines with octane number
which does not satisfy the requirements for the given engine model. Operation
of the engine with knocking is accompanied by a sharp increase in the maximum
pressure, combustion temperature, and shock wave effects, resulting in destruc-
tion of the oil film on the cylinder walls, corrosive action of the reactive
products of partial oxidation, intensive cylinder wear, sticking of the piston
rings, chipping of the bearing inserts, etc.

A number of studies have been carried out which were aimed at determining
the effect of knocking on cylinder wear, including [some] at the Scientific
Research Institute of Vehicles and Engines at the NAMI, in conjunction with the
Institute of Machinery Science. The engine involved was that of the ZIL-120.
As a result it was found that average wear in the upper region of the cylinders
under conditions of knocking was more than 2 times as high and the average
maximum was more than 3 times as high as wear under conditions of operation
without knocking.

Operation of the engine with early spark advance without knocking also
causes increased wear in comparison to wear with retarded spark advance, other
conditions being equal.

Experiments performed at the Central Engine Laboratory of the Gorki Motor
Vehicle Plant also established the appreciable influence of knock modes of engine
operation upon temperature elevation of cylinders and pistons, which in some
cases caused scorching of the latter. Thus, when the compression ratio of a
GAZ-2]1 engine is raised from 6.6:1 to 7.5:1 in operation on B-70 gasoline with
an octane number of 70 the wall temperature of the cylinders increases on the
average by 20 -25°C, and that of the piston heads by 55 - 60°C. Under knock -
free operation of the same engine on B-91 gasoline the temperature of the
cylinder walls and pistons fel} to 2 value corresponding to engine operation
at a compression ratio of 6.8:1. Engine knock can appear under service condi-
tions not only as a result of the use of gasoline of the wrong octane number,
but most frequently as a result of changes in the composition of the fuel mix-
ture, scale formation on the pistons and the cylinder heads, changes in the spark
advance, variations from optimal thermal conditions, etc.

A. Serov carried out special studies to determine the effect of spark ad-
vance and fuel mixture composition upon wear. A GAZ-51 engiic wa> tested with
subsequent wear evaluation by the ircn-in-o1l method. The tests were conducted
at a constant 16.5 hp, corresponding to 2000 rpm, and with a coefficient of ex-
cess 2ir & equsl to 1.

According to the data of the author, the wear as a function of the spark
advance angle is minimum at an angle of 200, based on tests over the range from
0 to 400, Wear increased both when the spark advance angle was increased and
when it was decreased. The effect of the coefficient of excess air was evalu-
ated within the range of o from 0.6 to 0.2, at constant load, rpm, and spark
advance angle {16.5 hp, 2000 rpm, and 20°9). The results of the tests indicate
that the maximum engine wear occurs at a mixture composition in the range X =
1.0 - 1.15, and tends to decrease with richer or leaner mixtures. The loads
upon the engine parts and the speed of parts with respect to each other also
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significantly affects the wear of their operating surfaces. The effect increases
as the intensity of the thermal operating conditions of the engine decreases.

ARy

The test results indicate that the wear is directly proportional to the
load, and is a power function of rpm. These relations are explained by differ- z
ences in the friction conditions of fitted parts assemblies, determined by the
pressures invoived in and the speeds of their motion relative to each other
under different conditions of lubrication and temperature. Thus, the wear of
the working surfaces of the cylinders and piston rings in a certain range in-
creases proportionally to gas pressure and to the rate of rotation of the crank-
shaft, whereas wear and tear of the working surface of the piston skirts is de-
termined mainly by rpm, and depends very little upon the pressure of gases on
the pistons. Wear of the crankpins and crankshaft main bearings depends both on
the speed and on the load. But increcsing rpm by 10% increases the load on the

bearings b,/ about 20%, since there is ilso a power function relation between
these parameters.
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In the area of the effect of the rate of crankshaft rotation upon the wear
of friction surfaces the research carried out by M. S. Beli:skiy is of notable
interest. He recommended a minimum allowable crankshaft rpm, with a direct

transmission, of 1600 - 1700, in order to increase engine life of flathead GAZ
engines.

Overall, one may conclude that increasing crankshaft rpm affects overall
engine wear more than increasing the load. The functional relations between

thete paramecters and the wear resistance of individual parts friction surfaces
vary.
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Chapter V

Accelerated Tests for Engine Wear and Engine Life

Appraisal of Existing Metnods of Testing Engines

In Chapter II of this book methods of ¢valuating engine wear and engine
life were discussed which amcunted mainiy to choosing means of measuring wear
and evaluating engine life according to indirect indices and service properties
of parts. These methods and techniques, depencing upon their individual features,
can be used either under service conditions of the the engines in vehicles, or
in highway proving ground and laboratory teststand tests. The service tests of
engines for lifetime are based on reporting service lives in vehicles under var-
ious service conditions and subsequerntly processing the data statistically.

The extremely high scatter in the 1esults of observations under engine ser-
vice conditions makes the evaluation of average lifetime of a given model time-
consuming. Therefore service data are morr often a means of generalizing and

confirming specially designed tests than they are methods of evaluation in and
of themselves.

However, sometimes service testing is a3 means of evaluating certain concrete

parameters of engine operation under real and widely varyirg conditions of service
- parameters such as the periodicity of load change, the most frequently employed
ranges of crankshaft rpm, changes in the thermal conditions, degree to which
steady and unsteady conditions prevail, frequency at which "cold" starts

occur, etc. For this kind of a study, aimed at characterizing the operating
condition of engines in vehicles, special equipment and apparatuses are necessary.
In recent years the use of certair devices developed at the NAMI has been
spreading: the RPV distancs and time measuring device, a PKU recorder, the
measuring device designed by the Design and Experimentation Department of the
GAZ, and the modernized version of L. G. Lavrov, the GSKhI [Gorki Agriculturai
Institute] measuring device, and others. These provide separate and combined

readings of a number of parameters which characterize the loading and speed con-
giticas of engine operatiuvi.
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The laboratovv methods amount tc proving ground and laboratory test
s and tests of engines. The evaluation of engine life under these is performed
erther from ind‘rect indices or according to the wear resistance of the parts
which normaliy t*mit the service life of present-day vehicle engines--these
being the cylinder walls, piston rings, pistons, and crankshaft journals; and
2lso according to the heat resistance of the pistons and the neads of the ex-
haust valves. In order to reduce data scatter it is advisable to evaluate
eng.ne life in highway tests of vehicles under conditions and on roads which will
characterize the service of that type of vehicle. The road tests for engine life
were carriel out in three basic ways: under vehicle service conditions in trans-
port with . .nstant controls on the observance of the engineering specifications
for vehicle use; with artificial loading of the vehicle and trips on general-use
roads according to a previously developed testing program; and on proving grounds
with courses over special roads of various types and with the use of elevated
conditiors to speed up testing.

Proving ground tests reproduced to some extent the service conditions of
automobiles 71d engines, but in them the number and time of stops and the number
of starts ve sharply cut, and there is entirely nc correspendencc with the
unsteady ¢ :rating regimes and other conditions which are characteristic of
service. At the same time, in comparison with servicz tests,proving ground tests
make possible a wide choice of speed and load cenditions, make it possible to
use single varieties of fuel and lubricating materials (necessary for making com-
parisons), guarantee identical engine tuning condition, .nd on the whole substan-
tially reduce the scatter in the test results of automotive engines.

Such tests,however, for evaluating engine life or the effectiveness of
various measures for increasing it, take a lcng time--about 10 to 11 months.
Laboratory test stand tests are even further from service te.ts, but at the same
time they make it possible to model any engine operating conditions desired and,
the scatter and the wear values not withstanding, they guarantee the comparability
of the results with respect to engine life.

Properly chosen conditions of test :stand testing for engine life should
represent the character and the approximate rejations of the values of wear
under well defined service conditions. Such requireuents make it necessary to
set up a number of variants of the conditions of accelelated test stand tests
for engine life, to correspond to mechanical, corrosion-mechanical, and molecular
mechanical forms of wear and tear, and also to enable the evaluation of the
heat resistance of the pistons and the heads of the exhaust valves. Imitation
of abrasive wear iuvolved in the mechanical form of wear and tear can be decne to
advantage by feeding quartz dust to the cylinders and to the crankcase with the
aid of special rzgulated dust feeders. In this type of test engine operation
primarily at loads close to service loads and under a nominal temperature regime
is specified.

Corrosion wear »f the cylinder walls can be represented during engins cper-
ation and with frequent starts by circulating cold water, carrying out the tests
in a cold room, or by using high-sulfur gasoline at low engine speed conditions.
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A high intensity of the molecular mechanical form of wear and tear which
can accompany high temperatures can also be attained by operating the engine
at high loads and high rpm with moderate cooling. In this it is advantageous
to also include cycles of sharply varying load and rpm. The conditions for
testing engine parts for heat stability involve sharp increase of the theimal
stresses at high sliding speeds of the parts, where the cooling and lubrication
systems are nyt capable of removing the heat from the¢ heated parts. Since
burning through of the valve heads often precedes corrosion phenomenon, gasoline

with high tetraethyl lead content, which promotes intensification of these
processes, can be used.

All the enumerated conditions for accelerated tests and testing of engines
for life time and heat resistance of the parts are designed so that after their
development they can be applied to new or modernized engine models. Also, for
periodic evaluation of the engine life of models in current production it is
desirable to have one set of conditions which gives rise to all the above-enu-
merated forms of wear and tear and is relatively closer to the actual service
conditions of engines on vehicles. [t should be noted, however, that many
researchers are skcptical of the establishment of this form of accelerated test
stand testing of engines, and as yet the data from the Gorki Motor Vehicle
Plant do not support the possibility of realizing coincident test conditions
for mechanrical, corrosion-mechanical, and molecular mechanical forms of wear.

At present the laboratory test stand methods of evaluating engine life and
freedom from breakdown are set down in legislation for testing engines 'for
reliability' accordjng to the conditions given in GOST 491 . 55. These,
in essence, make it possible to obtain very approximate ideas about the rate
and character of parts wear in various engine models; these results are not
commensurate with wear in service. Some researchers have noted that the wear
of engines in service is two to four times higher than that obtained in the
period of test stand testing according to the GOST conditions, and according
to our data this figure is three to five times, or more. The tests under the
engineering specifications which are used in the plants are even less commen-
surate with service conditions of operation of the engines. At best, they
guarantee full break-in and raveal specific defects of manufacture of parts and
in the assembly of subunits, but it ic practically impossible to conclude any-
thing from the results of these tests about the wear resistance of the friction
surfaces. The data presented in Table 13, which are generalizations from 120
engines, are evidence of the insignificance of parts wear after 100-hr tesis
of parts under load and the preceding 30-hr running-in according to the con-
ditions of the engineering specifications of the GAZ and ZMZ.

There is practically no wear of the piston rings in the height dimension
of the piston grooves along theirend faces, in the wrist pins, or in other
parts and friction surfaces during the engine tests according to the p}ant
engineering specifications (TU). In Table 14 average wear values ace given foT
some main parts friction surfaces after 400- and 600-hr normal operating cgndl-
tion tests unaer GOST 491 - 55, along with average wear and engine operation on
vehicles with a service mileage equivalent in length to the GOST tests.
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Table 13

. Wzar after 100-hr test stand tests, mm

H
Parts friction surfaces - GAZ-51 - 5 A CAZ-13

l CAZ-69  (Gaz-g3  OA2-21  Gaz-s3

Cylinder surfaces ‘ 8-10 8-10 6-8

Rzdial thickness of upper rings . 10-15 14-18 12-20

Piston skirts i 11-13 13-15 11-14

Main crankshaft journals ! 4-5 3-5 3-4

Crankpins ! 3-5 4-5 3-4

Camshaft supporting journals 2-4 2-4 1-3

The equivalent service mileages for the engine models GAZ-450, GAZ-:1, GAZ-
= 21, GAZ-5° and GAZ-66 are 24,200, 27,000, 29,600, 30,600, and 30,600 km, respect-
e ively.

From Table 14 it is seen that the wear of certain friction surfaces, for
example the cylinder surfaces, in engine testing under highway conditions some-
times exceeds the wear in the GOST 491-55 tests by two to five times. The ratios
expressing the character of cylinder wear in the 100-hr tests of engines according
to the current TU, and tests according to GOST 491-55, and in the vehicle runs
were all equivalent to the GOST conditions.

The features which characterize service wear of cylinders are: a sharply
differentiated peak wear zone in the upper region of the cylinder and abrasive

g action in its [sic] middle part. Test stand tests of engines are usually charac- =
< terized mainly by purely mechanical wear of the cylinders, which differs from

= wear under service conditions. Thus, existing methods of test stand testing are

= only to a slight degree models of engine life, both quantitatively and qualita-

tively. This makes it necessary to develop special methods of accelerated
engine testing for engine 1jfe.

In addition, natural testing of individual subassemblies and parts may be
very helpful for preliminary estimation of the effectiveness of various measures
for increasing engine service life. The existing basic test conditions for
partc and aggregates may be classified as follows, as recommended by R. V. Kugel:

1. Service conditions which most closely reflect real service conditions
in the character, value, and frequency of application of loads. Such conditions
require testing over a long time period.

2. Conditions with increased frequency of loading, which closely reflect real
service conditions in the character and value of the loads, but in which the
frequency of application of the loads is increased relative to actual service
conditions.

3. Increased load conditions, representative of service conditions in the
character and location of action of the loads, but with the ioads themselves
substantially boosted compared to service loads.

4. Conditions of increased frequency and intensity of loading--combinations
cf {2) and (3) cbove, in which the chaiacter of service wear is represented {but] over
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a shortened time interval.

= 5. Slow motion conditions, representing testing under normal and increased
= loads, but reduced speeds which facilitates gpportunities for observation.
= 6. Special conditions which differ sharply from service conditions but,
: since the results obtained are commensurate, are suitable for comparative

testing of subassewmhblies and parts.

= Table 14

Engine model

: 2 Parts friction surfaces UAZ-450 GAZ-51 GAZ-21 OAZ33
s o GAZ-66
= 0 wn
9
: ?é"‘ Cylinder (circle of maximum vear) 20-25 25-30 50-55  25-35
= (3]
= o <t
" .. |Upper compression rings, [radial]thickness 30-40 45-60 56-75  30-40
LN
B O
3‘2 Upper compression rings, height dimension 5-10 5-10 13-20 15-20
= 00 43
% o |Upper piston grooves, height 5-10 16-15  10-15  17-20
= =
= = -
B P §i{Main crankshaft journals 7-12 10-1% 8-12 6-8
M O -
[ IS B 3]
2 3 | Crankpins 5-7 15-25 5-7 4-6
1
% & |Cylinder 40-50 65-75 55-65 50-60
n X
=
g,,;," Upper compressior rings, /radial/thickness 72-170 81-180 59-180 60-180
-t N
§§ § Upper compression rings, height dimension 5-12 27-54 45-50 45-50
-t
3 g0
& 3 = Upper piston grooves, height 12-24  13-27  30-37 40-45
V)
t0 88 =
5 S 2| Main crankshaft journals 20-30 30-35 11-74 20-25
B39
© £ 2| Crankpins 40-45 50-55 6-7 8-15
= o9
< UG
D C
=>0

diagram will have the form:
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This classification is suitable for parts of machines in general, and
in particular of automotive engines, but in the latter case it is advisable to
supplement it with specific features which reproduce abrasive and corrosion-
mechanical wear for certain parts. Thus, when a step of natural testing is
introduced into the overall test sequence for engine life. a nenerzl test
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For each of these testing forms a scale factor must be found; it is logical
to use service tests of engines on vehicles as a basis for this. Without this
the comparability of various forms of tests will be eliminated, it will be im-
possible to compare expcrimental data obtained from different tests, and it
will become an impossibility to collect, systematize, analyze, and generalize
information in the area of increasing engine life.

Development of Methods of Accelerated Test Stand Testing

The study of the effect of various factors derived from design, engineering,
and use influences on engine life has made possible certain generalizations which
characterize the appearance and wear of basic parts under service conditions:

1. Lengthy engine testing at maximum torque increase the stress conditions of
operation and accelerates mechanical wear and breakdown of the parts. Trans-
lated into service conditions, such tests corres;ond to overloading of the vehicle
when it is driven under roadless conditions.

2. At increased rpm the inertial and thermal loading of most of the parts
increases. Also, at low speeds, below 1,000 rpm, the lubrication conditions of
the crankshaft are worsened and increased wear of the journals and bearing
inserts is possible.

3. Operation under unsteady conditions with frequent starting and stopping
of “he 'ngine interferes withthe thermal field, reduces the stability of the
iubrication of the parts, promotes the entry of liquid phase fuel into the oil,
and thus intensifies corrosion-mechanical wear of the parts.

4. Extremely high thermal conditions in the engine can be accompanied by the
formation of scoring and seizing of the parts, while engine operation at low
temperatures causes corrosion wear of the cylinders and correspondingiy high
wear of the piston rings.

5. Dustiness of the air entering the engine causes abrasive engine wear, and
the effect increases when quartz and feldspar particles are contained in the dust,
and it also depends upon the form and size of these particles.

The dustiness of the lubricating oil has a particularly strong effect upon
abrasive wear of the crankshaft journals, and also affects the wear of the lower
and middle zones of the cylinders.

6. High-sulfur content in the fuel accelerates corrosion wear of the cyl-
inders and piston rings. When tetraethyl lead is present in the fuel the likeli-
hood of piston and exhaust valve burn-through is increased. The use of gasoiine
with a high final boiling point also promotes increased wear because it washes
away the oil from the cylinder walls and it generally dilutes lubricants.

7. When the oil has very low viscosity the oil film loses its streagth and
shock-absorbing ability. As a result contact friction appears and the molecular
mechanicai form of wear intensifies. Very high-viscosity cil has inferior
prnetrability, detergency, and cooling capacity, which also promotes molecular
mechanical wear. In addition, operational adjustment of the mixture composition
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and spark advance, severity of engine cperating conditions, knocking nodes, etc.
influence parts wezr.

The separzte and combined action of 21] the enuxerated factors proz=otes
the developrment of the abrasive, corrosion, and moler slar forms of wear. De-
spite the complexity of modeling service wear of parrs under test stand eagine
test conditions, researchers have today found partial ways of solving this prob-
lem. A number of these were taken as the basis for the developzent at the
Gorki Motor Vehicle Plant of a method of accelerated test stand testing for the
life times of parts of the cylinder-piston group and the crankshaft-connecting
rod mechanise. The practical possibilities of this method encompass the folium-
ing:

1. Rough determination of the effect of various techniques and modernization
steps adopted in the production of engine models upon life times.

2. Preliminary evaluation cf the service life of newly built samples of en-
gines in the design stage, by comparison of test results with those of previous
engine models.

3. Evaluation of the effectiveness of individual measures developed to in-
crease engine life and wear resistance of particular assecblies and parts. The
measurements necessary to develop the techniques where confined to those sur-
faces which limit the service life of present-day autcmotive engines--cylinder
walls, piston rings, ring grooves in the pistons, and crankshaft journals.
Evaluation of the wear in cylinders, piston rings, piston grooves. and all the
crankshaft journals was carried out by ordinary micrometry. In isolated cases
the wear of cylinders was evaluated also by the method of "cut out holes™ using
the UPOI-6 device, and by means of indirect indices--oi: burning and gas blow-by.
In addition tc the nicrometry, the wear of the main crankshaft bearings was also
determined by inscribing holes and comparing the nacroprofilograms recorded by
an MPG-3 macroprofilograph. The UAZ-450 engine was taken as the basic model
for testing and experimentation in the studies. The advantage of this engine
for this purpose in comparison to other models from the Gnrki Motor Vehicle
Piant and the Zavolzhsk Motor Plant consists of its relatively low cylinder
wall deformation.

Long highway service tests of UAZ-450, GAZ-51, and GAZ-53 vehicles [sic] were
conducted, mainly to evaluate the thermal condition of the engines under various
operating conditions on vehicles and to find the most characteristic sets of
service conditions. This part of the study was performed by workers in the
engine laboratory of the GAZ in collaboration with co-workers of the Gorki
Agricultural Institute, in particular the engineer Yu. M. Panov. The measuring
device used to evaluate the load and speed conditions of the engines was the
modernized version of the RPV device of tiie engineer L. G. Lavrov, as well as
similar devices. In contrast to devices which continuously record & process on
tapes, this measurement device makes it possible to conduct a study over a period
of leng vehicle service mileage. 1t permits recording the pumber of engine
starts, the duration of operation--overall, under load, and at idle--and also
rpm and the angle of opening of the throttle valve wvs time, in addition to 2
large number of indices of the vehicle as a whole and of the transmission.
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Chromel-Alumel and Chrozel-Copel thermocoupies rcainly were used to evaluate
the thermal condition of the engine, aad also MMi-1 thermistors with azn ohe-
meter. The readings of these were recorded by a portable DC porenticzeter, type
PP, with a PMT-10 switch. The te=mperatures of the water and the oil at various
points of the cooling and lubricating systems, and that of the exhaust gases,
were ceasured. The tecperature of the upper zone of the cylinders was calculated
using conversions fro= test stand tests.

The following facts were establisned fron generalization of the results of
road service tests and numerous literature data:

i. Tne thermal operating conditions of eng=nﬂs in vehicie
ditions are relatively stzbilized in summer and in winter aith
2G to 25 min, respectively. The engxn“ is started froz 30 t
kz, denending uvpon the oode of service of the vehicle.

in IG to 15 and
0 500 times per 1,060

For vehicles dfiren over 7toads of various qualities the engine operates for
the maxizun period at rpm's ia the range 400 - 2,000 andé at 30 - 703 load, using
13 - 78% of the maximm porer. In engise operaticn with a2 12 ~ 15% luazd at
1,600 - 1,200 rp= 2 tecperature of the cooing water in the water jacker of the
engine block on the order of 60 - 70°C Lorrecpoaus to 2 tezperature of the upper
cavity of the cylinder walls of around 8¢ - 90°C. These values are a limit
beiow which conditicns favorabie to inten.ified cor—osxoa cccur. The latter
development promotes washing awar of the oil fres the cyvlinder walls by a fuel
emulsicr.. Thus, corrosicn wear can be izitated under ;est stand test conditions
by incorporating a significant rnumber of -uil starts and by using cold water in
the operation of the engine at lox rp= an .Jads neot over 15% of the maximum.

2. The imperfect state of coatesperary 2ir cleaners does not provide the
desired rexoval of dust from the aia entﬂr;ag the engine. From 2 te 14 =2z of

dust per 1 => of air enters the cylindsrs of the engine, depending upon the dust-
iness of the air anc the type of air cleaner. Tne results of a thorough analysis
of these data were the basis for some altemnative conditions uf accelerated test
stand testing for engine life which were developed by the zuthor in colizboration
with the engineersa. P. Yegorova2nd Yu. M. Panov. Xo less than 5 20 8 GAZ-69
and UAZ-350 eﬁgxuﬂs were ;cs;ec under

each of the sets of conditions showm in
Tsble 15. Thus 50 engines were involved in the very first stage of testing, znd
on the whole, for purposes of developzent and testing of =ethods for other models,
ted

85 engines produced by the GAZ amdé IMZ were tested.

he selection of the sets of conditicns enumerated in the table was
based on the following considerat
. Conditions N>. 1 are the s
nuzber of engines have bﬁ»ﬂ taine
addition to the tests referred to in
out accordxug to the engineering spec
quality of assechly and numaing-in of p
2- Condi :.I(E!S \{}- 2 aere taien 25 3 oeEasns Q; cma*-’— cc-néiticas
the cylinders via
eagzne opera ticn under ;ﬁrtzai lo?a. with :—egUCa. s;opp;n; and starting.
5. Conditions No. 3 zre intended to create engine operating conditions of
paxizun severity froxz the point of view of temperature streusses and frictiom,
causing high mechanical wear of the parts friction surfaces.

-
&
e
&

:::'“'
Ak g

oint since test results fro= a2 large
factory umder these coaditiomns, in

he tzble. Such tests are regulariy carried
ons for control t”Sa11g of the
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Table 15.

eneral test conditicms

1) Comtrol testing acc. to
GAZ Engineering Specs.
0il change after 3C hr.

T = 76 - §0°C
water o
toil =75 - 8*C

2) Testing at lowx lcad.
0i1 change after 50 hr.
t = 70 - 755{:
water
t .. =30-75°%
oi

3) Testing at high load.
0il1 change after S0 hr.
= 70 - 80°C

= 80 - 90°C

t-a.'an—:r
tcil s
4) Testing with coxd water.
011 change after 50 hr.,
400 starts.
t = 10 - 15%

water
T . = 35 - 45°C

oil

Mode and duration of one cycle

idle at pm = LI 3¢ =ip.
100% 1cad at rpa = By, 30 min.
100% load at rpm = n_, 2 br.
100% load at rpm = 2700, 2 hr.
Idle at rpm = n 7 730 min.
15% load at m = 1100 2 hr.
Stop, 30 =in.
M¥omentary stopping each 15 zin.
100% lcad at rpm = n_, 2 hr.
100% load at mmm = Rys Z hr.
idle at rpm = n___ for 13 min
=
o every hr.
idle at rpa = n___, 30 =in.
min !
15% load at rp= = 1100, 2hr. 1
Stop, - 30 min. |

Momentary stopping each

15 =in.

;‘,) Testing with 4 mg dust

' 160% load at 1pa = 2 hr. !
fed into cylinder per . H
P - - 3 i = 2 hr. i
1 =»° 3ir, and 50% into ; 100% load at rpm e il :
crankcase. ' Idle at yp= = n_. for 1S min i
No oil change. © every hr.
t = 75 - 80°C
water
t .. = 80-90°%
oil
6) Testing ‘with 2 ag dust 180% ioad 2t pm = n_, Z hr.
fed_into cvimeer PET 100% load at Tpm = 2 hr
1 o’ air, and 563 into ¥ loac at mpm = o, < nr-
crankcase. idle at o= = n_._ for IS5 min
.oy : =in
Xo oil change. every hr.
tater = 75 - 80°C
t . = 80 - 90°C
oil
7) T..stmg g with cold water Idle at rp= = Rosne 30 =in.
plus dust feed as per 15% load at 1pm = 1109, 2 hr.
conditions of (6).- top, 30 =in.
%o vil change. ¥armp [sic], 13 min. -
iG0% load ut TP = ns 1 hr.
Iéit:.‘.raa=':- 13 min.
e |

ﬂ

160% load at rph = ng.
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4. Conditions No. 4 are derived from Xo. 2, with testing of the engines without

thermostats and with circulation of cold water, in erder to intemsify corrosicn
wear of the crlinder

3. Cenditioms ﬁo. 5 am derived froxz XNo. 3, with the feeding of 4 ng per
1 e of air into the crlinders, and 50% of-this amount into the engine crank-
case. This dust quanitily, corresponding to GOST 8002-62, and containing 65 -
95% quert: and other particles, was chosen on the basis of experience in
accelerated tests for zbrasive wear and tear of tractor engines and was based
on fundamental cziinlazions of the volume of incozming air, the crankcase
volume, etec.

6. Conditions Xo. 6 differ from No. 5 in the twofold reduction of the amount
of dust fxd to the <yiinders znd the crankcase c¢il; the zizm of this is to make
the test stand test conditions approxizate real service conditions of autozotive
engines.

7. Conditions No. 7 are a cocbination intended to create the conditions to
forze development of abrasive, erosive, and corrosicn forms of wear of the basic
paris friciiom surfaces.

The Jevelopzent of the zbove sets of conditions for engine testing was car-
ried out on the hydraulic and electrobalance brake stands of the plant engine
iatoratory. Thz low water temperature in the engine cooling systez for the pur-
puse of intensifying corrosion wear was cobiained by carrying out the tests in
the fall ané winter. In addition, by increasiug the tramszission ratio fro= the
crankshaft pulley, the cutput of the water puzps was increased by 3.5 times.

Centinuocus dust feed to the cylinders was accomplished by using ejection
type dust feeders; dust feed to the crankcase oil was intermitteat, once per
2 hr of o?erat=01- Intensified abrasive wear was achieved b oaeratxpg the

- -

eagine without am air c;:zger, and in a nuzmher of cases zlso without an oil

f’lter- This technigue creates a significant differeace between the operating

cea itiens of the engine on the test stand and real service conditions. The

’%é effect is thereby attaimed in 2 sno-ter time interval, but the character
wear distridution is in principle retained, as tests havz shown.

0
""\

-. m «
1]

Tzbie 16 gives the :ave"agﬂs values of the =aximm wear of friction surfaces
of the bas:c parts which iinit the service life of e¢ngines, from the results
of the zest stand tesis under the different seis of conditions. For comparison,
the ta2ble includes averzge salegs over 8 UAZ-450 emgines of parts wear after
vehicle service over 60-80 x 10> ¥z in the winter and suzmer, in the middle zone
tie Eurcopean part of the USSR, and also wear after nor=al-operation tests
engines zccording to GOST 4391-35.

o
by By
£ o ¢
o b

]

From analysis of the test results i established that:

i. The corrosion wear of the crlinders zfter 100 hr of test stand testing
mder Conditions No. 4, desp 5 m=icron), was distributed
in agreenent with the izs ader snach it ﬂe%oissed in lengtbv vehxcie service
of the engines. The definite
the cylinders was noted (Fig.
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Table 16.

o Tabakua 1sfr,:c1
YCpeaune anatcuna 1anG0abunx nanocon, A 4y
Ycaosua 'd =4 e = =
I Uuanna-{ Sooxuee | sepxuce | wepxuas || %2 J 22
pesanin o K0apuo | xoanno | xawauka | 523 | IS8
senwranmi ? no paa. 1o no gz =32
tomuuue | mucote | Bucote | 238 | €2
== -
- “ZT S=z
7 Tlpober 60—
80 Tuc. xx [100—150 [250—300 J100—200 | 50—100 {25—50 70—-90
o 400 xac

TOCT 491—55] 2030 | 20—-50 5~10 5—10 | 5-10} 5-10
£ po. Xl 3—5 § 1520 2— 5 5~7] 2--5

pok. Xs 2 4—7 | 15—=20 | 2—5 | 7—12 | 2— 5] 2—

pow. 203 70 |15 | 23 | 50k |3-3] 5T 4
po. Ne 4 [ 20-25 | 20-30 [10—15 | 7—12 |4— 7| 5—6
pox. X 5 185210 | 770790 |150—iG0 | 430—460 |40—30]60—~70
pox. X 6 | 90109 |310—360 | 85—100 | 100—130 {25—30 | €5—75
pex. M7 | 80—90 |115—125 | 65—75 |120—140 |20 ~5]|35—45

Key: o = Test conditions; 4 = Cylinders; ¢ = Upper ring, with respect to radial
thlckne_:ss ; d = Upper ring, with respect to height;a=Upper groove, height;
£ = M§1n c;?nkshaft journals; ¢/= Crankpins; % = Ave. values of max. wear,
om [sic); £= 60 - 80x103 km run; = 400 hr, GOST 491 - 55; 4 = Conditions
No 1 [see Table 15]. ’

Testing of the engines according to Conditions No. 5 caused such wear in
the piston rings that not even constant addition could compensate for the lack
of oil. Of five engines tested under this set of conditions only two survived
the 100-hr test program. The other 3 engines were removed from the test stands
after 75 hours because it was impossible to repair them. On the whole it can
be said that the abrasive wear of the cylinders resulting from dust addition
follows the character of the wear pattern of service wear: there is a certain
growth in the middle zene of the cylinders.

2. The absolute valus of the wear of the piston rings with respect to radial
thickness and respect to height, and alsoof the piston grooves, was very small in
test stand testing for corrosion wear according to Conditions No. 4. In practice
it was a little higher than the wear of these friction surfaces in the engine
tests according to Conditions No. 2 (low loads without cold water). In tests
of the engines for abrasive wear according to Conditions Nos. 5 and 6 the wear
of the above mentioned surfaces was comparable to wear after lengthy service,
and in most of the cases even exceeded the latter in absolute value. First
piston rings which were porous-chromed ~ore a little less than the lower tings, .
in their radial thickness. The wear with respect t> the height of both piston
rings and pisten grooves decreased from the top to the bottom ring. This is
typical for abrasive wear of parts friction surfaces. In the tests under Con-
ditions No.7 for combined forms of wear, the wear of the piston rings with
respect to radial thickness was substantially iess than under Conditiuns No. €.
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At the same time, a certain increase in the absolute Value and rate of wear of
the piston grooves with respect to height was noted.

3. The wear of the main crankshaft journals and crankpins of the engines,
which was tested under Conditions Nos. 5, 6, and 7, was comparable to wear
after lengthy vehicle service.

W
o
2
=
i=
=
z
:g
=
%
Z
==
E
g

3

¥ -+ %

0 20 40 60 80100 120 140 Mx © 0 10 20 30 120 130 140 150 300 400 500 600 MK :%

:“ ———— Y- - revamwe M E

g Y. \” \'Lfi/ SR et I IR I N IO A 9 E
sl ey 5 - f_ I
2 | ) 'if\ 0 2 4 6 8B 10 12 50 70 80 90100 1D MK %
e e} : SRR b \ 3
| : T B 9 z
: f i/ 1 STt ok s bk =i VS D B o 2
10}, 7 Z P 1 Somysenye e g ——t —}—1 T E
: /'/":{ i g) | 0.2 4 6 8 10 12 120 140 160 180 200 220 MK E

150 r l N [ aeiee me amened ' l P) =

t & =

3 ey i_1- 2
% 0 20 40 69 8D 100 MX e e - -1— =
; 10 o Gk Tt e 7 2

20$ER—;)~ 0 2 4 6 8 20 a0 60 B0 MK =2

. o : % .......4...1.-. e) %
0, et

z 0 S E
4 50 75 e o 3
£ =

AEET=L- . . E

N ' -

3 i B %

2

Fig. 28. Wear of Parts of UAZ Engines under Various Test Stand 2
: Test Conditions: a -- wear of cylinders; b -- wear %
e of upper rings, with respect to radial thickness; E
H ¢ -- wear of upper rings, with respect to height; -
d -- wear of upper piston grooves, with respect to E

height; e -- wear of crankshaft journals; --- Condi- 2

tions No. 1; -/-/ Conditions No. 2; -x-x Conditions |

No. 3; ---- Conditions No. 4; -,,- Conditions No. 3

5; Conditions No. 6; ---- Conditions No. 7; £

-//- (70-80)x103 km vehicle travel; ---- 100,009 km g

- vehicle travel; f -- wear dynamics of cylinder under 2
s Conditions No. 6. 2

Key: 4 = microns; A = hr; ¢ = main journals;
J = crankpins.

Macroprofilograms of the non-straightness and out-of-round of the shape of
the main crankshaft bearings which were taken before and after service, and also
those taken in test stand tests of engines under conditions imitating abrasive
wear confirmed that the character of the wear distributions over the journal
surfaces is identical, both for type UAZ-450 engines and for other engine
models tested subsequently.
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On the whole the tests of 4-cylinder flathead GAZ engines made it possible
to conclude that:

1. Accelerated test stand tests for corrosion wear can be used for rough
evaluation of the corrosion resistance of cylinders and piston rings of auto-
motive engines, using Conditions No. 4. The low absolute values of the wear
obtained by this method make it necessary to continue research aimed at finding
more effective means of imitating overational wear due to corrosion.

2. For evaluating abrasion resistance of basic parts and fitted assemblies
of the cylinder-piston group and the crankshaft-connecting rod mechanism of the
engine, 100-hr and 50-hr versions of Conditions No. 6 can be recommended. Con-
ditions Ne¢. S can also be used, but with the duration shortened to 50 hr. In
this case the resulting value and character of the wear, as seen from Fig. 29,
are completely comparable to those of Conditions No. 6 with a 100-hr test
program.

3. With the combined test ccnditions, No. 7, for combined forms of wear,
all the specific individual features of the test conditions for corrosion and
abrasive wear are iost. Accordingly, the functionality under which each of
these is expressed is destroyed and, consequently, it tecomes difficult to eval-
uate them quantitatively or qualitatively. Thus, Condicions Nos. 5 and 6 are
recommended. Five to seven engines of each of the models GAZ-51, GAZ-21, and
GAZ-53 were tested under each of these sets of conditions. The results of
these tests are reported in Table 17, along with wear after lengthy service and
after testing according to the conditions of GOST 491 - 55, given for comparison.
From an analysis of the test results it was determined that the abrasive wear of
cylinders is comparable with wear after a vehicle service mileage, for UAZ-450,
of about 70 - 80x103 km, for GAZ-51 on the average 55 - 65x10° km, for '"Volga"
automobiles 110 - 120x103 km, and for GAZ-53 from 80 - 100x103 km.

Since the tested engine models differ in a number of design and engineering
properties, it may be considered established that the recommended sets of test
conditions for evaluating abrasion resistance of the main parts of the cylinder-
piston group aud the crankshaft-connecting rod mechani-m can be applied to dif-
ferent models of automotive engines. From mathematicai treatment of the results
of test stand and road tests, proportionality coefficients were obtained between
road and test stand conditions, in hours and in kilometers, and the number of
engines was found which must be tested in order to obj:ctively analyze the appli-
cability of a given measure aimed at increasing engine life. In particular, it
was found that for flathead GAZ engines reliable results can be obtained from
testing of five engines, and for overhead valve models with wet cylinder sleeves
5 to 7 engines must be tested.

The number of engines needed to evaluate the effectiveness of measures with
the same precision under test stand tests is 2.7 to 3.2 times iess for UAZ-450
and GAZ-69 models; 3.5 times less for GAZ-52, 2.0 to 4.5 times for GAZ-21, and
2.3 to 3.0 times for GAZ-53. The length of test stand tests to evaluate the
effectiveness of various measures is 21 to 26 times shorter than that needed for
evaluation under service conditions.

The average savings on a single engine model for accelerated test stand
testing as against service testing is 27-45x10+ rubles, depending on the model.
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Thus, the method which was developed of accelerated test stand testing of engines
for abrasive wear and tear is much more practical in the solution of problems

of engine life, and is relatively simple and economical. At present the fi-
nishing touches are being applied in the direction of assuring stability in the
metered feeding of dust to the engine cylinders. For this purpose, new'improved
automatically controiied dust dosing feeders were developed at the GAZ in
conjunction with the Gorki Design and Engineering Institute.
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Average Wear of Partsof UAZ-450 Engines as Functions of Test Time
and Dustiness: a -- cylinder wear; b -- wear of piston rings,
with respect to radial thickness; c¢ -- wear of rings with respect
to height; d -- wear of grooves; e -- wear of main journals
and crankpins;

100-hr program of Conditions No. 6 [of Table 15]; ---- =
3 50-hr program of Conditions No. S; 1,2,3,4, {in Graphs b - e]
4 = number of the ring;

* Fig 29.
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Zone of measurement of cylinder, mm; G = microns;

Main journals; .< = Crankpins.

~

It should be remarked that the recommended versio”s of sets of test condi-
- tions for engine life do not exhaust all possibilities in this direction. Thus,
= they do not include methods of evaluating wear resistance of the parts of the
valve-camshaft mechanism, and especially the heat resistance of pistons and
valves. The insufficient heat resistance of valve heads is a consequence of the
tendency to increase the power and speed of contemporary automotive engenes, which
- necessarily involves an increase of the compression ratio and the use of high
- octane gasoline. The use of high-ethyl gasolines with up to 2.5% or more tetra-
ethyl lead content has a particular effect on burn-through of the valves, both
as a result of scale deposition, which lowers heat transfer, and as a consequence
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Tabaunua 17
o -
@ | z %! Bepxnee koisuo Bepxuasn UleAuy xosen- g9
H3nawupaune <% | no pa-e oo .
22 | anaa- no nax;.xa- xo-z uﬁ‘."
deraan ; = 1#0i1 TOA- , peu- | Tys-
l o= !'u’::me_l aucotee nam\aF’ ne | Hue
A coezunn e e
© | PEHI 1 90 100/310—360] 65—75 |100—110/25—35/45—55
= H3YHO0T I
x
3 m——"
;o |T| moeaex : —85 {110—115!50—55!55—60
/2 ub!:ii wanoe |100—130:380—10G 80—85 1110115
>
Mpoter &~ 100—150!250—300100—200 50—100/65—75[70—90
70—80 TnC. KM ‘ !
o | SPeamIi 100 051550600120 —130{175—185{20—30/35—40
A 2% Meeaeas- 1104 1acleas 6501130—1401200—210030—a5l60—70
= Hulit H3noc l
5050 —105  — - —  [45—5560—70
Sopgﬁ)wc. KM 95—1065 45—355
© | Cheaunh 1170 150/300—310] 65—75 [135—143l20—23| 5—6
X
5 |E o I
” |& Ha=ton _ _ gz - 01
P "l!lii nanoc |195--220370—3901 75—85 159—150‘?0 36i10—15
= T,
Mpober 120— _ _ g0 [50—60 P
190 tac. xe 1200—220120—1501120—130] 75—80 36 80) X
o | Cpeaunit < ; _ - .,J _ .
. = | wanoc 65—70 [200—210] 50—60 |135 1.41 8—10| 8—10
: |
w2 ! .
» | & | Mpeaeas- " _ . - _1shos
2 |™| wi wanoc | 8590 [250—260| 6570 145—150‘10 13}10-15
* ThiC.
TipoGer . — | 80—85 | 40—45 | 4550 laO— 60] K
’ . 125—35]i5—20

¢¢ = Wear and tear of parts; & = Cylinders; C = Upper ring; </ = with
respect to radial thickness; & = with respect to height; £ = Upper
piston groove; 4 = Crankshaft journals; 4 = Main; < = Connecting rod;
o = UAZ-450; £ = GAZ-51; _£ = Conditions No. 6; #1= Ave. wear; =
Maximum wear; & = service mileage of 70 - 80x103 km; 2 = 50-60 x10° kn.
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of corrosion caused by lead compounds. A specia: method was developed in the
engine laboratory of the motor vehicle plant for evaluating the heat resistance
of valves and their resistance against burn-through. It is based on the use of
high-ethyl gasolines for testing, variation of mixture richness over the entire
range up to a value of the coefficient of excess air, < , of 0.5 - 0.6, and
operation of the engine under conditions of maximum power output. The condition
of the valves is judged from the size of the gap between the valve and the rocker
arm in a cold engine and from cylinder compression in a hot engine.

Decrease of the gap and compression loss Occur as a result of bending of
the valve head and lengthening of the valve stem. In tests of engines by this
method burn-through of the valve heads set in within 130 - 200 hrs of testing,
and the heat resistance of a given valve was judged according to this standard

:1imit for ordinary valves. The performance capability of valve seats is evalu-
ated by this same method.

0
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Application of Methods of Accelerated Test Stand Testing

The application cf methods of accelerated test stand testing for abrasive
wear and tear of parts is based on the plotting of limiting wear diagrams, or
"wear fields'" for each concrete automotive engine model. These "fields" take
into account the scatter and the character of the wear which arises in the pro-
cess of test stand testing. The effectiveness of a given measvure is determined
by comparing the wear lines of parts of experimental engines with the maximum
wear of standard engines of the same model, plotting the experimental lines
according to the average results of measurement of parts of engines tested by
the accelerated method. ‘''Wear fields™ are given in Fig. 30 for cylinders of over
60 UAZ-450, GAZ-51, GAZ-21, and $AZ-53 engines tested according to the 50-hr and
100-hr accelerated method of Conditions No. 6. The location of a wear line for
cylinders of experimental engines to the left of the crosshatched '"wear field" E
of the diagram indicates that the proposal for lowering wear which is being
tested is clearly effective. Displacement of this line towards the right side
of the crosshatched zone or beyond its limits is evidence that the given measure

is ineffective. Evaluation of the wear resistance of the remaining parts is
analogous.

!

i A G

In the process of testing engines by the 100-hr version of Conditions No. 6
or the 50-hr Conditions No. 5, certain indices change, including those of cil
burning, gas blow-by, and effective power, as a result of wear of the parts
friction surfaces. In Fig. 31 the data on the variation of torque and effective
power are given, with their scatter being represented by the crosshatched zone.

L

With the aim of testing the propcsed method of accelerated test stand tests
by the 100-hr program of Conditions No. 6, UAZ-45C engines, the blocks of which
having been manufactured without dry Nirezist anticorrosion inserts, were tested
for abrasive wear and tear. As would be expected, the wear of the cylinders
without inserts was substantially higher than that of standard engines. However,
in tests of the engines for corrosion wear under Conditions No. 4 the wear of
the engines with inserts and without turned out to be practically the same. On
the basis of this it was concluded that the prevalent effect of Nirezist imserts
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Fig. 30. Limiting Wear Values of Parts of Standard Engines

Under Accelerated Testing:

a,b,c,d, -- limiting values of cylinder wear; 1 --
in 50-hr program of Conditions No. 6; 2 -- in 100-
hr program of Conditions No. 6; e -- wear of first
piston rings, with respect to radial thickness;
f,g,h,i -- same as in Fig 29; j -- wear of first
piston rings with respect to height; k -- wear of
first piston grooves; £ -- UAZ-450; m -- GAZ-51;

n -- 50 - 60x10° km,

Bar 1 -- UAZ-450; Bar 2 --GAZ-51; Bar 2 -- GAZ-21;
Bar 4 -- GAZ-53;

---- Service wear (UAZ-450, 70 - 80x103 km; GAZ -51,
45 - 55x103 km; GAZ-21 and GAZ-53, 50 - 60x103 km).
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Fig. 31. Change in Torque Mk (kgf-m) and Effective Power Ne (hp) after

100-hr Test Stand Testing:
---- according to plant Engineering Specifications ("'TU");
——— by accelerated method.

is on abrasive wear. With respect to anticorrosion properties of Nirezist,
it was assumed that Conditions No. 4 are inadequate.

The use of the method which was developed made it possible to evaluate
such measures as dense chroming of the piston rings in place of the existing
porous chroming; alterations of the phosphorus and copper content in the cast-
iron of the engine block; the use of tungsten and titanium alloy piston
rings; the use of experimental cylinder sleeves made of tubular stock manufactured
by the method of continuous casting; comparison of the wear resistance of cyl-
inders machined by abrasive and diamond bars; and the effect of final machining
of crankshaft journals on their wear resistance (Fig. 32). All of the measures
which were designed to increase life of the cylinder-piston group were subjected
to a 50-hr test program according to Conditions No. 6. Dense chroming was
tested because of a number of advantages of this process over porous chroming
of piston rings. It excludes the possibility of chipping of chrome particles
-ad embedding of material into the surfaces of the fitted parts, it has a low "
coefficient of friction between the coating and its matching surface, and the i
technology of applying the coating is not complex. Accordingly, savings of
30% are achieved in the chroming. Tests of 5 engine types confirmed that the
wear of the experimeuntal rings was twice as low as that of porous-chromed rings,

and cylinder wear was close to the minimum limit of wear of cylinders of UAZ-450
engines.

The effect of the content of phosphorus in the cast iron of the engine block
upon cylinder wear was tested with GAZ-51 engines. The lowering of the percent
rhosphorus content had the aim of reducing flaws in the casting of engine blocks.
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Fig. 32. Evaluation of Techniques , Using the Ac-
celerated Test Stand Testing Method:

§§§ -- "wear fields"™

a -- Cylinder wear in UAZ-450 engines;

1 -- in 50-hr program of Conditions Ne. 6;
2 -- in 100-hr program of Conditions No.

6; ---- [sic] upper piston ring, with

dense chrome over knurling; -.- cast iron
block with 0.20% copper; ---- cylinders
without austenitic inserts;

b ~- Cylinder wear in GAZ-51 engines, in
50-hr program of Conditions No. 6; -x- cast
iron block with 0.25% phosphorus content;
-//- cast iron block with 0.12% phosphorus
content; ---- piston rings of titanium and
tungsten alloys; --- cylinders machined
with abrasive bars; ---- engine following
major overhaul.

¢ -- Cylinder wear in GAZ-51 engines, in
50-hr program of Conditions No. 5; ---- met-
allocerzmic piston rings; -.- engine fol-
lowing major overhaul.

d -- Cylinder wear in UAZ-450 engines, under
Conditions No. 4; ---- cylinder wear of
standard engine; wear of cylinders
without austenitic inserts.
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It was shown in tests that lowering the percent of phesphorus in the cast
iron causes increased cylinder wear. Adding copper to the cast iron of the
cylinder block of UAZ-450 engines with the aim of decreasiag flaws in the
castings also caused increased cylinder wear. In tests of lightweight piston
rings on 7 GAZ-51 engines it was found that rings made of tungsten and titanium
alloy have increased wear resistance and lower loss of elasticity. In the
absence of scoring, cylinder wear with the alloy rings is not higher than
wear with standard 1ings, but the possibility of scoring of cylinders of GAZ-51
engines is higher with the alloy rings.
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In addition, piston grooves paired with alloy rings wear more than
with standard rings.
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In studies of the comparative effect on cylinder wear of hLoning with abra-
sive bars and with synthetic diamond bars, under the latter method of machining
the cylinders were found to have substantially higher wear resistance. This
is seen from the fact that the wear curve of the cylinders machined with the
abrasive bars is located to the left of center of the "wear fieids" , which itself
was plotted from wear data of cylinders honed with synthetic diamond bars.
Measures intended to increase the life of crankshafts were tested hy the 100-hr
test program of Conditions No. 6, on GAZ-51 engines. It was dis-ov.red that the
method of final machining of the part affects its wear resictanze. By c-=nging
t'.e method of final machining of the main crankshaft journals, <.eir wear
resistance can be increased by from 7 - 62%. In this respect, microfinis-
treatment looks very promising for the removal of the defect layer which rorms
when they are polished.
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A comparative evaluation was 2130 made of the life times of engines which
had been overhauled at the vehicle overhaul plant which operates under the
auspices of the Gorki Motor Vehicle Plant; the evaluation method proposed above
was used. It was noted earlier that the statistics indicate low life time of
engines after major overhaul: they last for 25 - 30x10° vehicle km. This
short engine life is explained by the weax technical basis of vehicle repair
enterprises, the low quality of the spare parts, the deficient degree of sophi-
tiscation of the overhaul processes, and the lack of a common and well-controlled
technology of major overhaul of automotive engines. Thus, as a result of in-

g spection and micrometry of overhauled GAZ-51 engines which had been sent to the

2 laboratory, numerous deviations of the geometrical parameters and assembly

E standards from the specifications established for the manufacture of new engines
& at the Gorki Mot Or Vehicle Plant were observed. In particular, the following
deviations were noted: displacement of cylinder arzs relative to the pillow
blocks of the crankshaft by 0.36 mm in excess of the tolerance, coaxial non-
alignment of the main crankshaft pillow blocks up to 0.1 mm (with the tolerance
being 0.04 mm), curvature of the connecting rods up to 1.4 m= in excess of the
tolerance, exceptionally tight-fitting pistons, etc. Tests of GAZ-51 engines
which had undergone major overhaul, using a 100-hr program under Conditions No. 6,
showed that as soon as 50 hours of operation had passed on the test stand they
were unsuitable for further testing. Cylinder wear ir these engines exceeded
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8[Translator's note: The author apparently has his facts reversed herc.]
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cylinder wear of new engines manufactured at the Gorki Motor Vehicle Plant by
2.5 times, and oil burning and gas blow-by was the same as in engines which
needed major overhauls. In addition, the wear of the main cronkshaft journals
and crankpins was unacceptably large. This was the result of large inizial
macrodeformations, and cracks and lowered hardness in the surfacing layer applied
when the crankshafts were restored at the vehicle overhaul plant. Froz the

data of these tests measures were recormended to the vehicle repair plant col-
lective to provide increased engine life of engines after major overhaul. These
involved improvements in the technology of the overhaul and assesbly of sub-
units: machining cylinders and control of their geometric parameters, proper
fitting of pistons, testing of macroscopic-scale errors in crankshaft journals,
etc. Following the adoption of these and other measure, engines which had unde~-
gone major overhaul were tested under laboratory conditions at the Gorki Motor

2 Vehicle Plant under the 50-hr program of Conditions No. 5.

E The tests showed that adoption of the series of recommendations resulted in

= a nearly twofold lowering of cylinder wear. A certain amount of increased wear

: in the upper zone of cylinders in engines which had undergone overhaul in coa-
parison with standard engines was attributable to the installation of tin-plated
upper compression piston rings in the major overhaul, whereas the rings installed
in new engines are coated with porous chrome. At present at the Central Research
Laboratory for Engines at the Gorki Motor Vehicle Plant the effectiveness of a
number of new measures developed to increase product life is being evzluated using
the recommended method of accelerated engine testing. At the same time, equip-
ment is being built at the Laboratory for natural testing of cylinders, pistan
rings, and other parts. These will enable preliminary evaluation of the expe-
diency of adopting new measures, in less time znd with less expense than test
stand tests. Jn testing heat resistance of exhaust valves and seats conditions
of maximum loading are used, with engines using ethyl gasoline, as described

in the previous section. The criterion of heat resistance in these tests is the
iength of the test of the engine in hours until burn-through of the parts in
question begins.

In recent years tests have been carried out on exhaust valves with aluminized
heads, valves made of various types of heat-resistant steel, valves with heads
surfaced with temperature-resistant alloys, filled with sodium, and others.

Currently evaluations are being conducted according to the nethod of this
section on the heat resistance of exhaust valves made of EP-303 nitrogen-con-
E taining steel, and valves alloyed with silicon, niobium, and sulfur. Along with
E this the performance capability of seats made of chrome cast iron is being
- tested, with the zim of adopting a single alioy for the valve seats of GAZ and
E ZMZ engines. The goal of the exploratory work in this direction is to find an
alloy which has good machinability and performs very well both in cast iron blocks
and in cylinder heads made of alumirum alloys.

Thus, the use of accelerated engine testing opens wide possibilities for
practical testing of the effectiveness of varicus measures for increasing engine
life.

AR b o

i "’U AU i

=

Ll

~-127-

‘,,':*" n

%




It sust be assumed that further develiopment of the methods of accelerated

testing will substantially enlarge the arsenal of design and engineering methods
= of increasing the quality of the products leaving our plant, and in particular
= automotive engines. The invention, analysis , and application of such methods
is one of the prcblems which the KANARSPI methcd can solve.
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Conclusions

in this bock research in the area of increasing the life tize of engines
frea the Gorki Motor Vehicle Plant and the Zavolzhsk Motor Plant is reported

on ané the experionce of introducing 2 number of recomrendations which ware
developed is described.

Many of these measurss can be used z1so in other motor vehicle enterprises
and machinery manufacturing plants, and some have even found recognition and are
being employed in other branches of industry. Still, the sources of =means of
further increasing the service life of machines, including engines, are far
from being exhausted, some of the possibilities have either not been discovered
or are insufficiently understood, and other recozzendations have not been
zpplied under production conditions. The above demonstrates the need to set
down the different situations in distinct and concrete form and to forsulate
the sequence of proble=s in the area of increasing engine life.
situations and problems are presented belox.

1. The unevenness of the quality of parts mznufacture leads to substantial
variation of the performance and economic indices of engines and of the wear
resistance of subassezblies and fitted assezblies in them. The proper organizia-
tion of research effecrts and the cozbined introduction of scientific and engineer-
ing as well as organizationzi zeasures contribute to increasing the stalility of
the quality of parts and engines.

2. It is very practical to differentiate mechanical, =olecular mechanical,
and corrosion-mechanical for=s of wear znd tear with regard to present-day
zachines, including auteczotive eagines.

3.

These current

Tre life tizme of contemporary autcewtive engines is defimitely too short.
This is particularly the case in vehicle service under comditicns of reciable
P ¥ :

dust in the air. The uvnacceptably low life of engines afier zajor overhaul de-
serves particular attention. This state of affairs can be corrected by putting
autonotive overhaui plants under the assistance and patrenage of large automotive
enterprises.

4. Cne of the most izpsortant research problems is the creation of new
rethods of evaluating wear, eagine life, and the technological condition of
engines, as well as the izprovemesnt of existing methods.

5. Despite the large nuzber of studies of cperating conditions and

wear
of parts which have been carried out, =

y points in this arez are stiil in
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coatroversy, which =zkes the job of developing peans of increasing engine life
more difficult. In this regard it is desirable to continue research on heat
straining of engines and tc devise theoretically based recommendat’osns for im-
proving heat transfer in engines, as well as to intensify research cn the de-
formation of parts and into generalizations of the character and dynarics of
paris wear.

6. Design, engineering, and operatifénal means of increasing eagine life
are prectically inexhaustible, but taling advantage of these possibilities is
often limited by the inperfect state of the production processes and the tech-
nology of equipment and tools. Thus, at present, artificial "aging” of cylinder
blocds has not becn adopted for al! engine —odels, Inver inserts for lowering
piston deformation are not being used, the technology of hard chrozing of
piston rings has not beea developed, etc.

7. Mothods of accelerated testing with the use of guart:z dust, and a
nethod of evaluating the heat resistance of valves were designed, developed,
and tested for use in the practical evaluation of the effectiveness of other
methods developed to increase engine life. The nead should also be recognized
to develop methods of accelerated natural testing of parts and subassemblies,
to z=ake the solution of proble=s connected with engine life still more workable.

+
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