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INVESTIGATING THR FRRFTCRMANCE OF OORRODED
NITS OF HYDAAULIC AND PIREBUMATIC SYSTRG

v (B°R =~
noumring is a transiation of an artiocle by A, A.

Mhaylov, sandidate of technical sciences, amd
As I+ Lipin, candidate of cherdcal scierses, in the

Russian-language periodical Vestnik mashinoe
(Machine Construction HeraldY, Wo. T, 1occow, E !
1962, pages 38kl

§ ,

‘Durine the procees of long-term opo;ation of various machines
end wachinery equipped with hydraulio and pheumatic cantrol rystems,
corrovive sotion appears on the surfaces of tha working parte of
such 1tems a8 cylinders, taps, swituhes, Part&ouluia' strong oore
rosive action im noticed on parts ip sysvess whioh operate on
alcahol=glycerine miztures, less sudjeot Lo corrosion are 1;(.;.0 in
pneunatic systems and insigmificant corrveiem 48 notioced in parts
of uits working 1a hydraslis systems using AMD-I0 eil,

The presence dtoorrociyt actien on the surfases of the parts
resulte in a frequent unfounded mejesilon of a largs mumber of
costly umits, At the sase tise, preastics has shewm ~ poosidility
of using such units for & considerable- peried of wime withewd
M their technical mmm,
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r Vollowing 48 o descripticn of ths resulte of work conducted sor
the purposs of establishing tho degree of oorrosive aotions at which
nerzal operation of tha umdis is assurred, and the developmant of
mothods forr reatoring pavis with corrosive astion,

Teooting the tschmical condition of ths unite wes conducted vy
msans of detersining their peramsters check-delivery testing rregrams
and inspection of the parts after disassexdbly of the unite, In sun
tatal, tests were made cn rore than 300 umits of hydraulis and
posuratic eystems which wors in opsraiion for 35 yearse It was .
desernined as & result of the chacks, that the internal surfeces of
steoel power oylindsrs are subjecied to the rreatest corrosive action
(Piguare 1). Ia conjurstion with this, all sudbeequent opsretions were

conducted with power oylindsra of various types and sizes,

F'igml. a

Longitudinel soratches, low points, and dents ware detected o
op the inner surfeces of such oylinders, The percentage of units,
‘hcwvar, which had such defecta did not exoeed 10=15X of the total



RMudier brought in for repairs By their peometric dimsnsions, the
rajority of the c¢ylinders vhich were vithin'tohranot 1imite apd had
no dafects other than corrosion, The evaluition of the derres of
corrosive action was oconducted by msasuring the depth of the core
rcaive pittings and a counting of their mmber in a unit of ares, A
clocik type indicator inrside caliper was used to determine the depth
of corroaion, Instead of o stationary piwt,_. it had a meedle=sheped
tip mounted on 1t, An examination of the inner surface and the
counting of the mmber of pittines in a wdt of ares s dons by nsans
of special instruments, In some cases for this, simpls devioces ere
ueged which are in the form of tu»s, 7-10 m in dameter vith mirrore
fastoned at an anele of LS° to the end of the tubs, 't was established
durins the inspection process that oylinders opsratine on alocorole
clycsrin mixtures were subjeoted to occrrosive pitting with the puaber
pits being from 1 t0 25 per sqmare centimeter, In the majcrity of
cases the pits had the shaps of an elangated omal, 1.5-5 m long and
1 om wide (Figure 2,a), Ocoasionally 2-3 uvuch pits would be oo~
bined and formed into a corrosive action o thg surface having a
length of up to kO mm (Figurs 2,b), As a rule, the oylinders in
pnrunatic systems were not sudbjscted to ocorrosive pits, tut te cor-
rosive spots with clesr oigns of rusting (Figure 2,0),

It vas determined from messuring a large quantity of oorrosive
pits that the characteristic ocorrcsive depths were in the range of
Be2-0ol ) maximum corrosive depth was 0.8«0,9 mmes It was aleo
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Pigure 2. External view of corragive sotion on oylinders;)
x 3



Ostavlished tgu.t, the greawsr the mumver of pits in a unit of eurfece, k
ths loso 4s thelr doptn, and to the contrary: the smallsr the number
of pits and tha greater their sice on the surface, the deeper was thelr
dopnthe

The configuration of ‘ne pite inside of ths m.tal hat a very
gpecific charastert corrosion spreads practically perperdicular to
tha surface of the metal with a emooth rounding at the bottom (Figure

3). lo sur-murface csvitites were discoversd,

R

Figire 3. Mifroseotion of an item with a norrosive
pit; Xx 100.

The removal of cox-roslvt; products can bsst be accorplishad by
a solntion coneisting of hydrochlorio acid (specific gravity 1:19),
250-260 g/liter, and inhibiter FB.5 4n the amount of 8-10 g/liter,
The etching tima 18 8210 mimtes at 18-25°, Further treatsent vas
the neutralisation of the acid residue by a solution of potassium
sodium bichromate (50-3¢ ghiw).nt 70-80° for a period of 10-15
rdnutes and & Tubrication of the inner surfaces of the oylinders with

155=20 04l at 120-130° for 25-30 minutes, After the removal of the



Swaesion producta, the cylindsrs, on thoss imney surfaces oonsiderable’
ar counld bo dotected, wore restored by chroming (layer thicimness up

L0 0e2 mm),
In ordsr to insure a high ocorroeive resistance on the part of

tha rastored oylinders in laver sctivity, chroming should be carried
cut under ocoznditions which assure ths least development of porous
dopositsy the cathode current density 4s 30-35 anp/dm? and a tempora-
ture ¢f 65579,

he depcziting cf chrows into tle cmior; M.ts may bs assurred
ty meintainine the maximn interelectroda distance (15-30 mm for
c;’.rlindors opsn &t both endas) <nd by cone anodes vhen chroming cvl’nders
¢lnead at one end ‘ancde conus of 1:20-1335)e

Fez tho longthy stand testings, oylinders of various types (two
cylinders each) ynre melscted «hich lad the moat mquo.nt]y encountaered
corrosive action on then. The tests were oconducted according to
spacial programs whioh wers primarily based on oylinder test programs
of rosource processing coxpiled by the mamifacturing plant. '

Ten thousand cyoles [doubls piston strokes) were taken as the
bare for the testing, this is approximately 3=L times greater than the
fuctory tests, This was dors becsuse the th resources of the
najority of the oylinders are double the guaranteed, as well as with
the aim of establishing ths actual oylinder working daretion prior
to 1ose of hormstic ssaling, 1.e., to determine the wear resistance

rssorve factor of ‘.9 vacking ring, -



2 fabls 1
Gylinder else Technoiogical process Cleanlinesa cf
(d4axoter = length)  of cylinder restaration the oylinder
in surfages
Hydraulio eystem nou=chromsd oylinders
Lg ¥ L1 Pelished 9th
o tlD Pemoval of corrosion products 9th
575 x 62 | 9th
5745 x 62 9th
60 x 195 9th
60 x W9Y Ciling 9th
58 x 152 Yoring 12tk
38 x 336 Removal of oarrosion precucts 11th
62 x 138 01lirg eh
62 x L38 1z
80 x 39¢ n-k
Poosumatic system nonechromed ocylirders
62 x 600 Honing 10tk
95 x 335 Removal of ocorrosion preducts 10th
Cxydising '
Hydraulio eysiem chromed cylinders
15 x 110 : ‘Ponahing ) 10th
LS x 110 Removal of amioq.n‘mu 10th
5745 x 6L2 Chroedog 10th
Polishing _ 7-8th

?105 x 6k2
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60 x W95
60 x 195
76 x 3N
70 x 680
70 x 680

Polishirg

Polishing
Remowal of corrosicn produocts
Polishing
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REPEROVINRC E By A by Jed R g wiE v

Dagreo of the careaiw ;ﬁt&m
Pumter of cgoﬂ.ﬂ Depth of e

pits 2 1 corrvosion, 4n ma
2=3 Oed=De
S 00305
3eL 0,05<0.15
65 04150465
2a5 042043 .
7<10 De5<0e?
310 06047
35 Dal=048
15«20 - Ce24043
15-20 0.2<043
35 0,7<0.8
15-20 0e05-0ais
68 0s2<Jski
2«3 Jel=04e3
243 Oe2«0eS
10-1L4 Oolie008
1.5 Ne2+0.0

Tadls 1 (continaed)
g Endber of cycleo
mt:: m, ata

30,000
10,000
2,500
2,500
2,596

10,000

20,0000

10,000
2,500



815 0506 10,000%

<10 Osl=0e5 10,0008
20-25 050400 5,000
10-15 Oe3<0sLi 10,0008
1520 042+0,3 10,000%

Int2ar & cylmsmmmmtmmmimm
Fad besn completed.

»s Treatwent was condusted with rough grisdisgs conditdons
sAthou® sabssquent polishinge

s+ All cylinders were subjeoted to strength tests under a
pressure of L0 ata.



Table 1 (continned) n

=\

Surfacs conditions of

Cylindsrewte

weur to (.01 mp with well definad soratohes

A8 grove

A8 sbtovo

As ahove

is abovo

A8 ahove

Yo waar. or v*.oible >¢efect.a { gcratohes, dants, etn,)
L8 ehove

b8 ahove

As abo7e

A8 above

Ro wear. Jomipnifioant soratrhes, . .

AB sbove

No wear or visible defects (scratches, dents, etc.)

As above

As above
Noticesble traces after mechanical proocessing, longltodinal scrgiches,

4
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v waar or vieldble defects (coratehes, dents, eto,)
A3 sonve

Clearly visidle scratches

No wear or visible defeots (soratehes, donu‘., eto,)

As gheva

-w n (L3



Surface condiviord ef
Rubber pincs

Wear and local tearing

Ae
As
As
&)
As
Ko
As
As
As

As

above
above
above
2bove
a~ove
vear,
above
above
abtove

above

Iightening in some artas.

lightening over the entire surfaoe

Ae

ahavo

No wear, insignificant lirhtening

As

A®

above
ahove

_Table 1 foontizmed)

Heavy weur and eruptions o rubber over the entire ring surfece.

L
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Na woar. Slight lighteming.

As sbove
vear over the entire surface with tears in 23 points.

No wear

A8 above

as m o
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T Two oylinders were teoted simultaneously; s counter-resistance
was devolcped on the cylinder rods equal to 0.7=0.8 of the maximum
forca, The results of the long testa conducted on stands for oylinder
waar for the mirpore of establishing optimm amounts of corrosion and
checking the restoration methods are given in Table 1,

Tt 43 ovident frowm Lhe material presented that the non-chromed
cylindera vith a ntnth grade surface cleanliness lose hermatic
sealing after 2,500 cyclerz, »

The chromed cvlinders sustained the full testing program. There
was virtually no less 4n the ~eomctric 2imensions of the cylinders
alter the testing program whan compared to the sams measurer. .rs vrior
to testinge. Also, no visible defects, such as scratches, etc., were
noticsd on the working surfaces of the cylinders, 7Tt iz neces_iry to
rentior that the wear resistance of the packing i1inge, working against
chrome, is somewhat higher than Uil for rings woriking aXalnst steel,
and which is explained by the different fyiotion factors,

- To determine the effect of surface clu:ﬁimsa on the wear
resistance of the paoking rings, the 57,5 and 76 mm dlameter oylinders
ware treated with a varying roughness, Cylinder testing was oconduoted
simultaneously. The cylinlders which had a tenth grade surface
cleanliness withstood the full testing program - 10,000 cyoles., After
testing, the rubber packing rings were in very good shape, Crlinders
vith & ninth grade surface clesanliness etsod up for 5,000 cyaler, and
those with g 7Tth-8th grade surface olsanliness only 2,500 cvel-s with

g



@ otroag wear on the rubber paoking rings. With this, there were 2.3 '
times more corrosive pils on like cvlinders having s 10th grede swface
cleanliness, Thusly, ‘" veur rezistance cf the packing rings depends
“rirarily on tha rrughnese of the cylindsr surface and not on the
correrive pives  Thoerafore, vus processing of cylinder surfaocss should
ta s witl a clesniiness of not less than the 10th grede shich may
e eay 1y reyrhon tor anTowire.

The o o - ! TasLIte 4 e asperimental tests, with a consie
derutdnn “ar the incweassd nunter of nycles in the testing program,
nermits tha fellowlnp recomensitions to be made aconcerning the
ravaated yesouree of Lyivarlic and paeumatic system oylinders ! chroemed
oyl sorechromed) naving the fuillowing corrosive actionss

1) ‘ihe corrosion depth for oylinders operating in systeas w:*h
AN =10 0Al 42 not more than 0.3 mm, and rot more than 0.6 Tm ith
alcohnl-rlycerine mixture and air, With an increased (repaired’
aylinder diameter, the corroaion depth is decreased by a value 23ua,
to the decreasad thickness of its well from the nominal sise}

2) the length of the corrosive actions, in the form of l -es,
nust not excesd 10 mm (2L the distance betae.n thex is not less than
30 mm)y ) .

3)  the number of corrosive 1Ats with a dismeter or length »f .
not over 1 rm must not bs more than 7 to 1-om? (this can inclnde one
corrosion defect in the forn of a line having a lenrth of up o

10 mmYy
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L)Y  the nuxbsy ¢f coxrosive astions with a dlamoter of 223

rast not excesd 3 par d 0320

The mthods fcr the reaturation of prevatic and hydraniis

syotan cylinders, the degree of whesx corrosive astion on the ipner

curfacen does not exoead the zoove-indicated limits, sre shewsn in

Table Ze

Cylindsr cond’ition

Tho geometrical dissnsions
aro within tolerarce limits,
the irner surfaces do no* have

scratches, socores, or low

points

The geomstriosl Aidersicns
deviate from the telnro.ase
liite, scratches and low
points %o 0e08 v, -

H
L

Y

Table 2

NMagren of the technological prooess

of restoration
Je Cleaning the inner eur’tces of
the cylinders by honing or rolishe
ing vith A felt cloth uvelng 771
pante until & surfasce cleanliness
of not lesy *han the 10th 7:ads ia
echieved,
2+ Removal of corroeion producte,
Je Antl-corroeion treatmmnt,
Le 0iling.

-

1. Orinding snd honing or ealy
honing »f the oylinder to ¢t éiameter
«xosedirg the nominal sise by not
wore than 0,1 ma, Cleanlinses of the
processed surface mict not be lsss

£Y b Papmiioteta £~
0T ] R Ak SR WS ¥ FERE et

-




The goomatriocal dimensious
dsviate fron the tolsrance
14xdte, scretohes and low
points from 0,06 to 0.2 ma.

— 6309
~201 8383<D

b

than the )Oth oclass,

2. Removal of corrosion products.
3. Anti-corrosion treatmemt,

L. Chroming of the oylinder (or
piston) mtil a olearence is reschsd
which 4s within the lisits set in
the cusrent tech'desl documante
{with sn overmesaswre for treatmant).
5. Yechamical prcosssing of the
chromed iteme until a surfacs clean-
liness of not less than the 10%h
class is cchieved,

1. rinding the cylinfer until the
removal of the dafects and the re-
quired gecmatric sise received, but
not greater than the limits set
scoording to the respective docuvments,
2. Honing, ]

3. Removal of ocorrosion products,

Lo Chvoming.

5. Orinding aflar chremirg.

6. Cylinder honirg until serise sise

anrd 10th olass oleanliness is5 reached,
-d



