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Performance of Ball Bearings at High dn Values
By
Norimune SODA and Yukio MIYAKAWA

Abstract: The need is becoming more and more urgent for gas-turbine bearings to be a
operated safely at very high speeds. Some experiments were conducted to investigate the
running performances of a deep-grooved ball bearing (type # 6206) used for gas-turbine
operating with dn values ranging between 0. 3 10¢ and 2. 55 x 108, Test bearings were ro-
tated by air-turbine of 8 kW at 10X 10* rpm. As for the bearing load, thrust of 50 kg only
was given. Turbo-oil of mineral base was used to lubricate the test bearings and the temper-
ature of the inlet oil was varied from 30° to 130°C. Oil was supplied to the bearing by a !
single nozzle and the flow was varied from 0.22 to 3.0 kg/min. The retainer of the test
bearing was made of brass and of outer-race riding type.

The test bearings were operated successfully over the range of dn values from 0.3
x10% to 2.1x 108 In this range, the bearing frictional torque was found to be directly
proportional to Z%5N1-3Q0-25 where Z is the viscosity of the oil at the bearing outer-race
temperature, N the revolutional speed of the shaft, and @ the oil flow per unit time.

When the dn value increased above 2.1X 109, bearing failure often occurred, of wh-
ich the limiting value (the dn value at which the bearing temperature rose rapidly or the
bearing frictional torque increased suddenly)depended on oil flow. The more the oil flow, ¢l ¥
the higher was the limiting dn value. But, however much oil we might supplied to the
test bearing, it could not run above dn value of 2. 55X 108(85,000 rpm). Heavy wear of
the retainer occurred at its outside surface, showing the lubrication failure. It must be
concluded, therefore, that the retainer locating surface is the most difficult and important

lubricating area limiting the high speed rotation of a ball bearing.
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BAEr5 55 ELVEROMMYEL, PWICREED D& L ET D, * QR FEE
B EERNA VR RKT 5EAAS D, Kik 85,000rpm Bk, dn T (250~260)
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1. £ A » &

HRAE—Ey, BN EOSERERICERSN2MZR, CABVBMEDORTHHRIC
ERECHEAINSOD—D2TH5. BEREENEITITRERLINE L LbIC, &
XNBCARDMBOERE, B OXBENEOHTAREBMBELE -TVE. CHBDEH
%@ﬁﬁ@ﬁ@ﬁﬁ&bf&oidnﬁ(d@m%m@%mm,n@mmf%%bﬁ)ﬁ
O ONTNESY, 0 dnfBERCABYMZOEEOHBRET, CTAMNDMEARET
DERBAD PV BOEHREEZ BEbDTHBI] §RVBRLCENT pV EVEE
Hick o TERSNB LS, dn EHHEBECL > THARRESERAING. LT
@ﬁdnﬁ%%ﬁﬁﬂﬁvlvbﬁﬁ@giwmmw&WWE%éotﬂﬁﬁwﬁbf~¢
CEET S L REETHS. LIBICIRERME 100x10t FRETH - 2BF dn ES4H
i3 200x10" BESERINTOS. HEZEHEFOERLUTOEIRA dn BEEV I H0ON
%20, THIE—RERICHT 2 FEORRET, CABVEHENZOEUETHEZALL
5 EEGERIEA (1. NACA T - o —EOEET A5 0 WZOERIZ] iIcBWWT
b, B— dn BT 2EELR, Lis-> T >sBRZBEERFOVPACIDIEEL
SEFHLTNS.

CABDMZRECETHESHTHIZTHA . CORFCBZOOERABH L. —
SEREELFOBR, WOrZNIEBHICEEBEI DXL >TBIZ ShaRATHD,
D—>REFERDELNICE 3ERDEHECRSFROBIKIIRE» 5 2RELODRATH
3. WZOEELEEDICCORREELPOHICTECEREAEPLV > TEHHTE
FETH5. APEEEMZICONTES LCHEE LORAEELERMCHOPICT S L
ZEBEL, COBBICEIIMBRELS, BB/ REOEREELHLPICT LA
TR 725D THB. COWBE, A4V =y MNEBICBY 2WZORAMERLE, C
DBIEICEBNCTHZOEE LRE S CICER v/ BERZOMOERTFICE - TEDELD
KEBINENERELIMICL, CREERMLTHENTE

2. EBEBHIURRE

21 £ B ¥ B
EHECAMDMSHRBROBERE 1 NICRT, &dn HICBE 5 A0 MZOMENS
CRHEEREREEAHOMCT 2B, S, BZFRBREIEI X0 AEEBR U TAELE.
KEAENZIC 1294 30 mm D EEZ AR, dn [T 300xX10' FTOERMBAETH S
koI, SRR OB ICIZEAEIE 100,000 rpm, H7] 8kW 0ES L —E ¥ ERLE
LTHRW.
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¥z MIL-0-6081 B, 1010 §i Esso - 2 — KA 4 10 Th 5. % 3Micz D5
LBRELDBFHERLK.

24 & B @ 2

REREZIT § 6206 MO SPHREHTTHS. REBEB[EEHIFRAMLAIKEET, ££A
FHRBAREATDHS. WMZOXEFHATEMIT 25~35¢ T, LBEHBLD LB OKRE
E2TV3E. ZNEEERE T TREORE EASANBKIY HELEL, TEMoBL
BFEIN1DTH3E. @FZoRHEVRIT 10~15u T & 572

25 £ B £ #

WEWERR T X MIEDAT, TOKREERI0kg D-—ETHB. WMAORER L I

BLR BHEEEL, AVAE

%l & kg/min J RIVAMZE mm ¥ W8 kg/min J XA E mm

3 1.8 0.72 0.9
2 1.5 0.44 0.7
1 1.1 0.22 0.5
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%2k WBTEE HMEE BEvs SR GBADRE 30°C)
hE Q= 3kg/min (FiF 21°C)

Bl & 3 WEAMRE | HhmERE (/X | hiEE (BB | EZEbLvs

rpm C pZi: D) °ClfaD °C kg-cm :
10, 000 32 28 31 1.09 s
20, 000 37 30.5 34 1.57 |
28, 000 42 33.5 38 2.06 |
40, 000 50.5 38.5 47 2.75 ;
50, 000 59.5 43 58 3.19 i
60, 000 69 46 71 3.50
70, 000 81.5 50.5 84 3.68 |
Q= 2 kg/min (ZH 18°C) ;
B & K WMZAMEE | SHhRE (/X | HBiEEE (B8 BEr vy Q?
rpm ‘C JVARD) °C | an °C kg-cm !
{
10, 000 33 27 31.5 1.00 ‘
20, 000 38 29.5 35 1.49 k
28, 000 44 34 40 1.84 |
40, 000 53.5 40 51 2.45
50, 000 64 46.5 65 2.88 :
60, 000 76 51 81 3.06
70, 000 93.5 55. 5 97.5 3.32 g
Q= 1kg/min (& 18°C)
B & 3% BEZAREBE | BHEE (VX | ihEE (B8 - 4
rpm °C VL) °C | ) °C kg-cm |
10,000 35 25 33 0.83
20, 000 43 31 37 1.22 ;
28, 000 50 36.5 42.5 1.62
40, 000 63 47 56 2.06 &l
50, 000 74 55 69.5 2.36
60, 000 89 62.5 89.5 2.71
70, 000 108.5 71 112 2.89

Q=0.72kg/min (Z& 18°C)
| & ﬁfh%/)"}}%(ﬁi’lﬁ PeihiRE (/% BB E (Egﬁ Bty

Ipm C SV vEp) C kg-cm
10, 000 35.5 25.5 ' 33 0.79
20, 000 45 30.5 38 1.14 :
28, 000 53 36.5 44 1.44 i
40, 000 67 47 60 1.88 :
50, 000 81 57 78 2.10 !
60, 000 96 67.5 98 2.36
70, 000 114 78 116 2.62

&
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QR=0.44 kg/min ({8 20°C)
[ & BRSMEE | SRR (/ X eI B (E;ﬁg B b vy

rpm °C YR, C | D kg-cm
10, 000 37.5 28 34 0.70
20, 000 49.5 34 41.5 1.00
28,000 60 42 49.5 1.27
40, 000 77.5 54 72.5 1. 66
50, 000 94 65.5 93 1.75
60, 000 113 76 115 1.97
70, 000 135 95 145 1.97

Q=0.22 kg/min (ZiF 20°C)

T 4 #WZAMEE | SHhERE (/O;é Eﬁg@ﬁﬁ (E‘i’?} FEE L ovy

rpm °C AR kg-cm
10, 000 44 28 39 0.57
20, 000 63 37.5 52 0.83
28, 000 79 52 ! 68 1.05
40, 000 105 80 i 98 1.23
50, 000 128 90 | 118.5 1.36
60, 000 156 104 | 148.5 1.36

CTEDLLITWERD 30°C O—EIfR -1 —BOERTRIMADRES: 30°C —Eic L
¥, REEZ1EHL0OMES 0.22~3kg/min KZ(LL, —EHELCEVTHFARAM
S CIEREGE 1 TS -7 & S OBZ/WERE, SHhRE, BE vy ZRELL.
EICHDMEDEEE A L L HICIMADORES 30°C 5 130°C KEXTERL .

3. E B & B

WMADEES 30°C —EICERE Lz s &R BIAMEICOIT 2HZAGREE, / A vEls
XUMZERAOHMEE, BE vy EREREOBREE 2 RICRT. REHEREIRHE
£ 0.22kg/min T 60,000rpm, ZDfbDHETIZ 70,000rpm KB EZ . Chi>IH
PIEOEEBCRBEHRCE LWEREET I MBS -7ceHTHS. CORFEEEIC
SNTIRBHETH OO TRAZY, TCTREARMERLUTO, 3R C#HZEEEL
5 BEBICB T 3 EBHRER L.

PITF, FOBERERICOVTERKE L, EECABOBMZOMEEICDVTEELKD.

4. HZEELF
HEARIIE 2 EORED SHZAHKEBE Ts OMADRE Tor (30°C) »oDRE EF
(Ts—Top) LEEKEDHEEFEARR LD THS. MEKOHEME LSICHZRE EFRI
BinL, —HHENSVEEHZREIFIETLTVS. comZimBEELR (Ts
—Top) EEEH N BXUIHE Q t0BER, 2NTNESHBIUERNS
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&, Q(kg/min)
Q=0.22

+044
100

SRAWEE LR, Ts-Ta (°C)
T

o] 1 2 3 4 5 6 7 8x10°
E&¥, N (rpm)

4N WERELSEOEY

(Ty—Tor)ocN*-3~1.7 ] (1)

(Tg—Toz) cc@05~-0.7
THobEh 3.

(1) AhoZRE EFIE dn=210X10* IZEF TIF N~ O THEMLTHEY, C
DIeHEHETR I EBHEIT RO LHMZOBEIC L BBEF>XRANOTNEIRT S
TEBTFREINE. Ll (1) ROBELREHELOBZERTLET 2 Q OEE»5H
SHIEE DI, ERCADBOBMZICE TS BHEE LTERT 2300, ®EAHo
HEXRXFEHEIBDVERHOBNRTHICRERLNENWERDNSE. N BLU QDis
BIZOOWTHRETEE, EED 1L AL XICEMZ #6315 I DN TITRE - o ERERII]
Tid, N o1, Q OiEHIZ —0.45 Th 7. Fk Macks 5 [2] OHEC A5
P25 OEKBMRTII NOERHI 1.2, Q@ 053 —0.36 Th 7. 2 5Disi3EhsZ
OHEBRZEGPCHBALN, BEHOMESED dnBREICL > TR OELEET XD

g 1)
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_ 100 $ 100} -
° s F N B85 80, N(rpm)
e F LoF S, e N=70000
t | = | N
o - x 60000
I,—.
e | _’5 - 50000
>
o 4 &, Qlig/min)| wo T 40000
i Q=022 & - ™+ 28000
& 1°0F F 10| }\O
z F 044 ¥ = f 20000
BX o # -
# 1 - \
i 3 L 10000
1 | Loy ] Lol 1 1 Lot or e ! L1ttt
10° 10° 10° 0.1 1 10
Bl & ¥, N {rpm) i & ,Q (kg/min)

5N #FEELSFLEEK

DEEZON, EZATERLUCHOMERBSEWIEZE N ozl XXk, Q 08
BOEEIR 0.5 KR ENREZERBTTRHDEFRTODNIELEDTHB[4]. ¢
NoDEBKROEMICONTIIELEBDTH L 120,
PEORRITHMAOREEZ 30°C —EICRFLILEETH S, EAEGSHMAOBRES:
—EWT AT EIIRERL T EMNZV. HMADBRENETNIEYRARHOA TR ESCFIEG
EBELTECEIiCEs. FTREBHADERE%. 30°C »»5 130°CicEfbLic & %, MAD
BEICKY BHE Za CIMADRED S OMZANREE FROBFREERLALSDT, @M%
WEELR (Ts—Tu) & Za LOBRITEMMIC
(Ta - Toz) ocZo3

BMENARREELR,To-Ta(C)

100

10

1

6N MTEELRIHE

T 1T 1 T TIT

]
—
—

_—+ 044

’/01
X 2

></></‘/B Q=3

i #,Q (kg/min)

T 1 T 11711

T

N=50000rpm

I T O I L | 1 1t 1

i1ty

i

10
% B, Zot (cp)

BN WEEEERCBMADEBEICET 2RE

(2)
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THLbEANE. COBERRMBOEERICENTHIRIZRILL, —RICHBADBEICEST S
YERE Zoo UMK VR EEZEE FR (Te—Tou) &V, 72720 Te OfEMERYR To 28
INEVIEEED. BB Zu eIV ETESE, MZRE FREODTH S MRS
W2 L1730, Zo WXTBBHA BT THE. TORAICOVTIIER FL 2 DIETH DT
AICKRET S 5.

HEEBMZERE R E L TRUEERAT 5 LIUNIC

(TB_T01> OCZOIO.3N1.3~1.7Q—0.5~—0.7 (3)

THObTCENTEE. CNLERFOEBIIE XICHR LI ICRKORREL 13
WHELTEY, X OICEE[5] 25 Macks 5DERERE S &IC LTI » BT ORRIC
HIFIFT/BE LT B.

5. HMORNME

6 ICE L & S5 CHMZRE FRESIZE BV kT sciild, BRIHBY
HZTIRMOBBHEE UTERT A2 EARTOOTHE. Lichl > THIED LA L S~
DIEBBERDE LWL > THANGREMFTT L ENTES.

W3 RIIARHBICTT AWMZAEBE L LMEOK, THOLEREY, —EHEDOL L
THEKICE > TOBRENT 20ERLESDTHS. EizEHEMNyT 5 LEBREBD L
T3, Chidiei6] 0EBRICH I HobNTVE LS, HETIEHOES Pz
I U CHDHZRNICADIC B EEFTHDOTH 5. RICBO TERERRICE D
TEKHEETH B, HESZVEREEFRINE. AERTREHBICILTY = v
FOEEIIZIE—EICLTHR T END, HENEVEXRY = v FROBROALENRD, &
FREARE QBRSNS OV DHBADIK CERRBETT2LEELONE. o
CRZEORENIHZ TRERENHEDREOBEAA X E 3 3 FREIIME LIERY !
ZoNBTHAS. EEAETRIERRINTNS 25~30% FikLE T3 BELL
HOIE S BEZIHNTE RSB ETES EBRLNEL S, F2RICR UKD ICHERE K |
DHHBOFFRIATHS. 2 LTCEBLALMOBERMZAREBEELIZZF LV, &L &l
BELIL TS, ChREERPEHEROBESAREELD SR EPICHENCLEEX

3 FE KERHBICETAEER (%) LEEK :

& ¥ % lic] = kg/min
Tpm 3 2 1 0.72 0. 44 0.22
10, 000 48.7 52.1 72.1 69. 4 74.5 79.8
20, 000 4.4 43.3 51.3 51.8 55.9 60.9
28, 000 39.0 38.3 42.4 | 43.8 44.0 43.6
40, 000 33.0 30.8 36.7 37.3 36.0 33.0
50, 000 28.5 28.1 35.9 37.3 36.6 31.2
60, 000 27.2 26.8 32.8 | 35.4 34.0 26.0
70, 000 25.3 24.9 31.8 33.3 33.6 —

;
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4K HhoBRINEN & EERK
HE Q= 3kg/min

[ #& WEIES (/2| SIS A (BEAD 2 HBINE S
rpm D PS PS PS
20, 000 0.04 0.25 0.29
28,000 0.30 0.43 0.73
40, 000 0.75 0.76 1.51
50, 000 1.25 1.08 2.33
60, 000 1.60 1.54 3.14
70, 000 2.14 1.90 4.04

Q= 2 kg/min

| & WEE S (7 X | RIS S (EER) A mB LS A
rpm JUAED PS Ps Ps
20, 000 0 0.18 0.18
28, 000 0. 20 0.34 0.54
40, 000 0.61 0.58 1.19
50, 000 1.08 0.90 1.98
60, 000 1.39 1.25 2.64
70, 000 1.76 1.54 3.30

Q= 1kg/min

[ o= WMBIRES (/X | mBIUE 7 (BadanD AHRIEH
rpm VD PS PS PS
20, 000 0.01 0.17 0.18
28, 600 0.16 0.26 0.42
40, 000 0.53 0. 48 1.01
50, 000 0.87 0.75 1.62
60, 000 1.15 1.01 2.16
70, 000 1.42 1.25 2. 67

Q=0.72 kg/min

B\ & BMRIED (/2 | MBS (EEE) 2 HRIUE A
rpm VD) PS I PS
20, 000 0.01 0.14 0.15
28, 000 0.12 0.20 0.32
40, 000 0.35 0.37 0.72
50, GO0 0. 58 0.61 1.19
60, 000 0.85 0.83 1.68
70, 000 1.06 1.01 2.07
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Q=0. 44 kg/min
B R % WRRES (/X | WRRES (BER) | SHBLESD

rpm AR PS PS PS

20, 000 0.036 0.132 0.168

28,000 0.142 0.181 0.323 §

40, 000 0.334 0.333 0. 667 i

50, 000 0. 506 0.518 1.024 ‘;

60, 000 0. 680 0.647 1.327 |

70, 000 0. 902 0. 765 1.67 §
|

EE WREH (/X | BB D (EEE) | AWERNES i

rpm JVAD PS PS PSs i

20, 000 0.019 0. 097 0.116 @:

28, 000 0. 098 0.13 0.228

40, 000 0.29 0.20 0.49 ;

50, 000 0. 37 0.25 0.62 ;

60, 000 0.41 0.26 0.67 ;

10 .:

B ;

) ?

e \

u i

z _ 10 |
. % & - 1y
fﬂé 1 Q (kg/min) _F E & &, N (rpm) ¢ y

§ - Q=34 e T N=70000

2 |

m R %

B iy i

- 1 - !

i !

- 0.72 =) !

o i

B 0.22 & :

ok | ! [N N W B ’

0 0.1 L 1 1 1 1. 111 A 1 Lt 1101 )

10° 10° 01 1 10 :

- B, N (rpm) W E,Q (kg/min)
%8 HOBINE F & [\IEREK 9 HORINE S S HE
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st , Q (kg/min)
Q=3

BELILYT, M (kg-cm)
n

0 ! | | | ] 1
0 1 2 3 4 5 o 7 8x10*
E&zH , N (rpm)

% 10 @ B bovs SR

NIZYRTHS. L LAKELTASE, BRULLHOITBHEB LRIV DD, F
3HKICAHBEIC, TOWBRBICEFHELDOAIVDLD, FRMOBEIAEDT
BBk X, ik, E@RICOVTHORREAE (BF) 2RTEFLRDOKIICK
3. COERPLELAELSIC, BEREEICEOTEERN 30% igIcETLTS, B
FHMOEINAE I FRHOZ N LTRBEHRT 385404005, BT ACEHETHH
DIZTRMZNBICHEBECED CHABEEREMNT 5 < EBE—RBEICKH L THR
OHBHEHRMICTECEEZPFLNLTHS.
B8N, BINIHOLTNEN Ho LAEKBLUCMEEOBEFETHS. T oLEMN
o)t

,OC 1.7~2

ico:g{).u,vo.s } ( 4 )
THobens. (1) ROBMZFRELFELELT, N OEKEIPPRTHE, BITE
POEKTHE. CHIIHOBNEHDIZEAENETDEELAZB L CTHZFREEICETS
NBEEZNITUARTHS.

6. @ = E B
%10 3B 2ROERT — 2% b LICEE by ERIRKEOBFEEEHEICKH UTR
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4
sa &, Q (kg/min)

3__

)

(<

T

5 2f

¥

#

LUS

4

i
1+
0 "
0 1 2 3 4 5 6 e 8x10

El&#x , N (rpm)
B 11 K} EEERESN EEERK

L7:bDTH2. EEKOREINE & ITEE bV 3INT 38, Z0EEHMEDOANC
K-> TKRIBIZEMLL TS, HBBEZVIREEZR bV izAE L, BEOEMIZZHAL
TEMLTHAY, HEOEBLEELICHIAEKL FT—ET 2EA%ERT. 2LTTOD
BEHE bV 7 DS—E T A EERBHENLIEVELRZROBENHFICEIT LTS, ThbD
HHIC OV TRRETHD TRETT 5.

B 11 RUIEEE vy o ORDICBEHRBAE I L EEREDRRESHEBICOVWTRL
bDTHA. EBERIBELAEN Hy LOERBLUHELOHNIZICRE 12 K, FI3KLL

HBOCN1'55~1'65} ( 5 )
HBOCQO' 27
7 HBERMERILT 5T EDbh 5.

HZREFR, HhoRINE S, BEEBREEHLOEHREOBRIZIREI/ELTED, 0T
Ny N~ pE—DETHEML T2 BZEELFORRNEL2OR3ERRBERENT,
Ll -> T RERZICR LTRIZRUETHEML TV S, —HEERAE N EHOD
WINEHEBHBORNMNCKX > TETFDOERDEH, BEEAREOREIT, BHEHMOKIE
SAOBHWICE > TEHEELNTVACTEAERLTNAE. COCEREBRBEENICHTS Q @
EED N T U TRV iKbb S5h T 5.
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10
C
B 10
g ! C -
£ E 5 [ & # , N (rpm)
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