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A_STRACT

t " Ball bearings for hostile environments have been developed

They consist of normal ball bearing steel parts of which the rings

are coated with ha_'d, wear-resistant, chemical vapor deposited

(C.V.O.) TiC. Experiments in ultra-high vacuum, using cages of

various Faterials with "self-lubricating" properties, have shown

that such bearings are suitable for space applications.

ESA has considered using such Lreated ball bearings.

The results of different laboratory tests undergone by the EcCA

_ome_er F:ocalls[<g ms-hat: _ ..... .._'hi_h contains 5 a

:_earinEs, are prom[sin E , and _ze surnr_aI ised.

I_TRODUCTIO:_

Ball bearings a_e required for eperation in hostile environ-

ments, for example, in corrosive meui_, under radioactive r:_ziaticr ,

at elevated temperatures, in space, etc... They must be perfectly

reliable as in most of these environments few or no parts c_n be

replaced.

This paper deals with the development of ball bearings for

space applications. Several solutions have been proposed; the use

_:._ bearings made u_: special high speed steels, cemented carbides, st

various bard, wear-resistant materials other" than steel have br'ou£i-.t

s_me i_p_ovements. We, at the LSRH, have tried to resolve the prtk-

lerri :;y c<;atin£ standard commercial steel ball bearinzs with hazd,

vedr-resistar_t TIC layers by C.V.D. (Chemical V_Jpor Deposition),
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and by using cages of various materials with "self-lubricating"

properties (1,2). The ESA considered these b_ar_ngs of interest for

space applications, e.g., in its Meteosat programme.

In the following the characteristics of the bearings are de-

scribed and the procedure for obtaining them is given in brief.

Finally, some of the planned space applications are mentioned; some

tests undergone by the various mechanisms in which such treated ball

bearings have been used are also given.

' CHARACTERISTICS OF THE BEARINGS

__] " " " For rolling and sliding contacts during continuous _nd inter-

rupted operetion it. is important that the materials of _e partners

to have metal ceramic rather than metal - metal contacts in order

to avoid microwelds and diffusion, Only one of the partners need

therefore be treated with TiC, i.e., the balls or the rings. The

combination "uncoated balls - coated rings" is preferable for small

diameter bearings. For larger diameter bearings the contrary is

true. In fact, the rings undergo distortion and/or deformation

during C.V.O. For larger diameter rings the deformation can De so

important that correction by mechdnicdl means becomes impossible

without removing the TiC layer (5 - i0 um). At the moment develop-

ment work is being done for the dpplication of hard, wear-resistant

TiC co_Jtings to larger diameter b_l! bearings.

For most applications hard coatings are only of value if the

supporting substrate material is also hard. Hence, only hardenaLie

steel, cemented carbides or ceramic materials are suitable. For _he

ball bearings described here, _ hardenab!_ st:ainless steel (AISI

440 C) was chosen because:

- the rings and spheres can be machined from this steel, thus the

existing ball bearing production know-how can be applied and the

overall costs reduced;

- this steel is suitable for the C.V.O. o£ TiC; its composition

{_1%C; _19%Cr) enables air quenching to a hardness of about 62 Rc;

its deformation and/or distortion during thermal treatment can Ee

kept within reasonable limits.

During the last years the know-how for the C.V.O. of TiC on C

and Cr containing steels has become well established (3). Such

coatings are very fricL'on-and wea_-resistant and show no measu_aLie

wear from adhesion during friction against metals (4). The compo-

siti_}n of Ji[" can vary greatly !_etween TiCo.[_ _nd _lrn,st tb_e st(i-
ohiomatric composition TiC (5}. [he me(_!!anlcal pr'rpe_,ties _F s[r,yle

crystals ,.)nd of" sintered hot pzu;ssed TiC _re 2;lye:r, it. (6). Ar, ir'-

p,_rtant property of TiC i-or its applic_Jt[,:in t:i Le_r'ir_gs i:s its: !,,_,_d-
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ness. In Table I the comparative hardnesses of several ceramic

materials are given on a schematic scale.

k
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PROCEDURE FOR OBTAINING TiC COATED BEARINGS

The TiC coatings are applied to polished, finished bearing

rings. This is important since the surface roughness increases

during C.V.O.,and due to t_e hardness of TiC it is Difficult and

de_icate to pol_sh the races_

The C.V.D. of TiC is performed at the LSRH. The machining.

thermal treating, polishing and assembling of the ball bearings

are camried out by experienced manufacturers. In the case o? the

small diameter bearings which are discussed here. the manufacturing

_-- ................._ ............................w_z _rrd_-some----£es_ng-_9-@he -finisheD--products,- was-done by RM8 .....

(Roulements Niniatures, Bienne, Switzerland].

The C.V.O. of TiC is achieved by the interaction of a volatile

Ti halide with H o_ and CH 4 at a high temperature (2,7):

H2; 800 - iO00°C

liC [s) * 4HCf (g)TiCl 4 (g] + CH a [g)

The deposition rate depends on several parar,_tt, ers s,,d c.ar v:,ry

from t to 5 ,micrometers per ,hour. Figure 1 sh_,,.-.,s e _s:_<rr,i_',g e!eu-

tron _,,icroscope picture and the micr:,pr,::i:,e an-_.lysi_ rest-its tf a

section through a TiC coating and its ,A['._I ,!4@ -" st. eel subssrate.

The steel is in L,he quenched st,J!ce, i.e., the mixe,.J Cr-Fe c-Jz'kioe

gr_ins are dispersed in a mu:'ter::_'Lic ,m_tri×.

A very important aspect in the manufacture of high precisior

bearings is the fact that in the steel the phase changes "pear'iite *

austenite" and "austenite _ martensite" are accompanied by volum,,e

changes. If the heatin Z and cooling is not done acc<rdir_g to the

cycles prescribed (8), disastrous distortion might occur' (5].

The C.V.D. process is characterised by the fact that th_ qual-

ity of its products is influenced by many parameters of which some

important ones are: the pressure, total gas flow, ga:_ com_]i.3Sit{!Jn,

temperature and its profile and cycle, load density and its ur-:',n}-e-

ment in the reactor. A slight change in _ne of these :_perat[n_ ]

conditions can have a drastic influence ,)n the char',_ctezi:_tic:: of

the TiC coatin Z . F{_r, the tear_ng_ used in the _etc, _:._t P:':_i_:'_r"r"_:,,

• • " '_ ff r'_at-a vertical C.V.D. reactor of 120 mm I D was used; }-<)r e.m_.,, ..

ment a total of 36 p_irs _.._' bearing rin_:: were eveni_ , :_ ::_:.J uF_,;r
] • .

6 different leve_s. Despi+e _ d ' ,...... _ _ F{[,:o :. [e_; _zrlt, ur f _.Z ,_ : '[ri _-I [, <

+he.. mdny pardmeters c<;r,st,__r,t, Li,e z_pr ,,,,J,' L_,'_i] i! y _i <r_,:_ :, _, ,r:g'
w<Js mere t:r_ar; ,:]ccepf,a[:le. [:{.r_ +.._ * [,t: . _:[rr, ji _ [, :_rT,:r L = ,-.' !. :[,

]numseF O< [ £r_s ur,der'_,,,er_t _[,g_: :j L:[ _t.,J[f.[,,r] ,_,r, • r,,_.] , _.
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rejected. Five reactor loads were necessary to ploduce the total

amount o£ ball bear[nzs _or the _fieteosat prozra_n-e.

The TiC coatin£ thicknesses averageJ over the 6 levels ace

ind£cated in Table 2 £o_ the 5 C.V.D. treatments. T! ese results

were obtained by sectionir Z a pai_ cf rin_s Frum eac_ level a}ter

each treatment, and sy examir;-n£ tnerT in an optical microscope.

These results show that by takin Z r-,o_'mai prec_utions, it is pc_ssi-

Dle to obtain results which dre suFFiciently reproducible £or the

production o£ TiC coated r[_,ZS {or small diameter ball bearinzs.

APPLICATIONS

i. Solar Wind Composition Experiment (Apollo]

With its Solar Wind Composition Experiment the University og

Bern, Switzerland, paPticipated in Apollo experirr.ents on the moon.

A metal foil wes unrolled manually by the astrOnauts_6_ the _irst

_:ive Apollo landinzs, exposed to solar _'adiation and rolled up

agair,. For these manual operations a device with standard bearings

.vas u._'e::. Ft.,, Apollo 17, however, at" automatic {oi1 roller was

_evelsveC. At the start o_: the experiment the {oi! was to be ur;-

roiZed r's"u:_!!y, then by means st: d !,-met' the {oil was to be rolled

,,_ in :_ s_=pv,'ise manner, ,_ £[x_sd _ " inLe _ rd tc er'-_ ...... _i P-'_ r,Jo. 1 s .... o er

sure = _'ciiai, le operation, [iC coated L:ear-[nss were considered, the

:ho_cSe£ [sties a£ which dry: as Fclio_Js:

fypes: t.,,:_ O. O . 1-_ r', _ , Z . [3 . 0 m_-, ::n3 Jne C . _.r-. =_,-_._mm , i . b . 4 r r"

[ [r_[s: Alibi ,14f2 ,r..... ..... _i/ 3 _:, T--,_-

Cl'_: Ai_i 448 i} stc, ek

,t;e£e : ££S [ 44@ C steel/ PTF[ c b,_te,] (ph,,,*,:.pc:ly,_er[_i_ti _n]

:r t" =r ' '.:..._, ;:_ f_ .r _ a _[_! <L_:t[ .' _ry '_ _.'::_il[+.... "r, :r ]e_ t:_J _;: t !:it,

] "' ;' ,* l , - .... "'.'. " r- , " :, , ....... , ]
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schematic view of the mechanism which consists of a step-by-step

motor, 5 to I reducin Z zears and a screw-bolt system. The rotor,

intermediate piznon and screw are mounted on ball be_rinzs (Type

O.D. 13) manufactured by RMB; the rinzs are coated with TiC. The

bearings are prestressed to such an extent that there is no risk of

shocks during the lift-off. The mechanism has been tested by MATRA
ENGINS and CNES

2.!. Tests by MATRA_ENGINS (12) ...................................................................

A mechanism was activated periodically in ultra-hizh vacuum.

Each test cycle consisted of a complete focalisation range plus

return. It was impossible to measure the torques induced by the

bearings; variations in the total resistance were, therefore, {el-

lowed by measuring the starting voltage of the step-by-step motor,

In Table 3 the prozramme followed for this series of tests is

ziven. The number of revolutions achieved durin Z the prozramme

exceeds that which the mechanism is required to perform in space.

These lifetime test_ have not yet been completed, no visual exami-

nation of the bearinzs has therefore been done up till now.

During the first 20 focusing cycles in ultra-hizh vacuum there

was a slight increase in the resistant torque, to a level close to

that measured in the laboratory atmosphere. This increase never

reached 30% o£ the low values obtained at the start of the U.h.V.

testin Z. The safety mar£in o£ the mechanism was about 6, since the

nominal volta£e available was i0 V. In order to see i{ the torque
increased a£ter one lifetime, the tests were continued uetil twice

the expected lifetime o£ the mechanism had been ottaine@. The im-

porzant conclusions of these tests are _rq_t the resistant t:_rque in

U.H.V. is r,b_ greater than that in n_mj! _tmesphere, and that iL

does not ir_crease after an £rnm__mflit d £ 30 d_j3.

2.2. Tests bk C_ES

[hese tests are complementary to those done by MATRA ENGI;iS

_nd .are aimed at quantiFyinz the resistant torques c£ the [;earinzs,

the behavior o4: the torque and the det.e._'i_ration of t!_e beaminzs,
under the cor_d]t[ons in _i_[ch t!le mechar_i;m w,ll [e required to

sperate.

Tk_ resistan _ to_que _0£ th_ preloaded _earinFs _.,:_s :,n_inuous_,/

r<e_sured ::,y "'e],_s r_4: :_ m[cr{_:,,:_lar, c,=_ (1 _]. in _:,rqer to ' _ke int,_

_,;c,,urlt * r _ 'i r_'er-er_, _. <k r_ 36e_s , ;,_ r,-,, f ,,[- -_r_,] [ e _ ] q_ ] I _ r e' , , , . . '., . .... S q b, K, ed. S ,,.' .
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- motor bearing type: characterised by intermittent very high angular

acceleration (typical for a step-by-step motor) and a high preload.

In order to take into account the integration, qualification

and acceptance tests of the mechanism, and its use during flight,

both types of tests were performed in two uninterrupted stages; one

in alr and the other in U.H.V. The rotation direction was alternated

periodically. In Table 4 the conditions under which the tests were

performed are given. The length of the tests was determined by

taking into account the worst confi_uTatibn and b___multi_.1_,ing_.b___ _ ....

Three types of information were obtained from each test:

- the behavior_o_ the torque measured_:continuously with the micro-

baianc_; _"eveI_y?lS'-m_nutes tIi-_ aV_a_ge-_d_max_mum torQues _were ......

- the comparison between the individual bearing torques, before and

after the tests, according to the U.S. standard MIL.STD.206;

- SEM analysis of the bearings after the tests; identification of

the deposits on the races by means of X-ray spectrometry.

The results obtained with the screw bearinBs are as {ollows:

- In air, after a short running-in durin@ which the torque increased,

the lattez stabilised between 40-50 £.cm; the average torque was

relatively stable and the maxima were about 50% above the averaEe.

In vacuum, after a sudden increase o{ the torque there _as a

runnin£-in corresponding to a decrease in the torque which became

stable between 25-30 £.cm. The torque _as noisy and the maxima

,_ere about 190% above the average. This can be seen in Fi£ure 3.

- The ratio _af the avera£es of the individual torques o_ the bear-

in/s, before and a{ter the tests, was uetween 1 and 2.

- SEP] aqaiysis showed that despite the very hi£h preload the TiC

coatin£ did not deteriorate, but that a double trans{er (cage

ball _ rings) of the Ag-In lubricant occurred. The At-In coatin£

on the surfaces of the balls was uniform, but only particles of

this material were present on the races.

The results obtained with the motor bearings are as follows"

- In air, the torque increased continuously throughout the tests,

from 4.5 to 24 g.cm. The torque _resented the same type of noise

as the screw bearings in vacuum. The maxima were about 40% _bove

the average. There was no running-in. In vacuum, the t_que _e-

creased slowly _rom 24 _.cm and became ,_._able at about 3-6 ?:.cm.

The tc,_que presented the .... . n_ise ,:_s in air" and the m:_x[rr;,-:_

......... _ ........ :': £ [ ; ;'.
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lying an important deterioration of the bearings.

The SEM analysis showed chat the TiC coating did not oeteriorate,

Out that there was an excess of luoricating material on the races

due to double transfer (cage _ ball _ rings). The oe_erioration

of the performance o_ the bearings was significant. Nevertheless,

the very severe oanditions din not totally destroy them as the

TiC coating remained perfectly in place and the cages resisteo.

The TiC coated bearings tested satisfied the operational condi-

£he behavior of the wear-resistant coatin K was %nod. The At-In

lubricant should, however, be replaced by one based on MoS 2 oc a
........ similar material.

Hard, wear-resistant TiC coatings obtained by C.V.O. are

sug?iciently uniform and reproducible for use on rings of small

high precision ball bearings. Several space applications for such

treated bearings have been proposed. Both bearings and mechanisms

using them have been tested in laboratory environment and in actual

space simulations, and the results have shown that TiC coated ball

Dearings are suitable for such applications; no deterioration o?

the TiC layers was observed.
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Table 1. COMPARATIVE HARDNESSES OF TiC AND OTHER COMMONLY USED CERAMIC MAt"E/:ilALS.

Microhordness

Kg I mm 2

,/ 4000

3000

2000

m

i

m

m

m

mm

\ Iooo

TIB2 TiC
s;3_

SiC

WC
ToB-2 TIN

At203

B¢O

Table 2 AVERAGE TiC-COATING THICKNESSES ACHIEVED DURING THE S G.V.D TREATMENTS

TREATED PART

1

OUTER RING 6.5 • 0.S

INNER RING 6.2 _. 0.2

COATING THICKNESSES IN ,urn

C.V.D TREATMENT NUMBER

2 l 3 l '
S.O z O.S 4.5 s OS 4.5 *- OS

4.S z O.S 4.S _* 05 4.7 *_ 0_.

Table 3 CONDITIONS OF TESTS PERFORMED BV MATRA ENGINS ON THE RADIOMETER

FOCALISING MECHANISM.

DURATION PRESSURE

(days) (Torr)

44 2"10 "6 - 9 10.9

68

3O

7.i0-9

7 10 -9

30 7 10 -9

27 7"10 -9

TO

S

45 ." 0.S

45 "_ 05

RHYTHM NUMBER OF TOURS

(c)c(es I days ) SCREW MOTOR

variable 1832 9268

TAL

8425166S

1 366 1830

NO O 0

1 31 2 1559

210824175

Table 4. CONDITIONS OF TESTS PERFORMED BY CNES ON MOTOR AND SCREW BEARINGS

BEARINGS MOVEMENT QUANTI TV

TESTED OUANTITY speed UNITS AIR I VACUUM
2Sz3" C 1^'gui Tort45 _-1S % R H

MOTOR 6 1.8 V<4msec motor steps 7 2 10 6

number
go r p h Of tours ?0?4SCREW 8

PRELOAD

( d a N ) angular
occelerat.

4. S very large

70 0

6.2 • 106

6150
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I

c r

/ / 1 /
-10 -S 0 .S Distance (,urn )

MICROPROBE ANALYSIS ON SECTION THROUGH T,C COALING AND AISI /,40 C STEEL

SUBSTRATE

CONTENTS

(arb, tr units)

F_g 1

8clll Bearings ._ _ mm_-

I_l_dUCtIOn glclr5 _// STEP BY STEP

Fig Z SCHEMATIC PQESENTATION OF THE RAOIOMETEI_ FOCALISING MLrEHANISM
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