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This document is the net result of over five vears of joint research by
Noranda Research Centre, Quebee, Canada, the Industrial Materials Research
Institute, Quebec, Canada and the Amax Materials Research Laboratories, Michigan,
LIS A Funding was provided by Canadian Electrolytic Zine Led., Quebec, Canada,
National Research Council of Canada, and Amax Base Metals Division, Amax Ine..
N.Y., US. A Additional funding from the International Lead Zine Research
Organtzation | TLZRO) Ine., N.C., U.S.A. provided for the development of the
mechanica] properties of the continuously cast ZA alloys.

Many avenues of research into ZA bearings remain to be explored and it is the
present and future requirements of those who use this manual to design ZA
bearings. together with the results of field applications, which will determine the
direction of further study. Indeed the original design of the experimental work
conducted over the last five vears was based, in part, upan consultation with, and
recommendations from, the bearing industry.

It is the raison d'étre of this manual to assist and promote the use of zinc allovs in
journal bearing design. It is hoped that the bearing user and designer will find herein
the menns to superior bearing performance made possible by ZA alloys,

i.J. Barnhurst
Noranda Research Centre
January 1988
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1] INTRODUCTION

The ZA family of allovs, namely ZA-8, ZA-12 and ZA-27 were developed as
genernl foundry allovs during the 1960°s and 1970°s. The ZA-8 and ZA-27 alloys
were developed by Noranda Research Centre during the 1970's while ZA-12 was
developed by the New Jersey Zine Co, Ltd. in the 1960's, under funding from the
International Lead Zine Research Orvganization | [LZRO |, North Caroling

During the period [1981-1986. the bearing properties of ZA alloys were investigated
by Noranda Research Centre (under funding from the Canadian Electrolytic Zine
Co., Vallevfield, Québec ) and the Industrial Materinls Hesearch Institute { National
Research Councill Boucherville, Québec, [t was concluded from the study of full size
bearings that ZA-12 and ZA-27 had equivalent or superior bearing performance to

Lﬁhtminum bronze

EF1za-12
J2A-27 )
ZA-27 stab Sand cast
“W s LBea{I-:m bronze Prassurs Die Cast
ZA-12 Parmanent mold
EA*E?E . B concast
0.3
N No. 5 Centricast

ZA-27T stab.

| | ! 1 | 1
0 100 200 300 400

WEAR RATE, mL h-1 (x10-5)

Figure 1 — Comparative wear rate of zinc and bronze alloys produced by several
ditferent processes. The wear resistance of die cast and permanent
moulded ZA alloys falls between that for sand cast and concast alloys (')
Stabilized alloys are heat treated for 12 h at 250°C {482°F) and furnace cooled
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bronze alloys, particularly C893200 (SAE 660) lead — tin bronze, In addition, a Block
on Hing test procedure was used to identily the relative wear behaviour of ZA alloyvs
in up to i metallurgical conditions, together with a number of comparative
materinls, Here, it was found that sand cast ZA-27 had the best overall performance
in terms of wear rate to all other forms of zinc alloys. Full isting of the findings can be
found in Figure 1, The relative wear behaviour of pressure die cast, permanent mould
[gravity die ) cast and centrifugally cast. ZA and zine die easting alloye can be
assessed approximately, based on the performance of sand cast and concast ZA
bearings given herein.

The ohjective of this manual is to provide design data for ZA alloys for bearing
applications. In this regard the manual can be used hand in hand with the bearing
design manual for bronze allovs issued by the Cast Bronze Bearing Institute.

Where significant differences in behaviour exist between ZA and bronze bearings,
these are clearly pointed out in terms of design changes required to accommodate ZA
alloys. As new work is completed on various aspects of ZA bearing performance,
these will be incorporated ns an addendum or new edition to the manual,

This manual is devoted to the design of individoally cast or mochined journal
bearings, however, these data can also be employed where the bearing becomes an
integril part of the overall functional casting design, The flexibility of ZA alloys
allowing casting to near net shape with close tolernnces can thereby eliminate the
netd lor Lraditional bearing inserts.

Bl SPECIFICATIONS AND GENERAL METALLURGY

The ZA-12 and ZA-27 alloys are two members of the ZA family that are
regularly used in bearing applications. The chemical specification for ZA-12 and
AA-2T7 ingot s shown in Table | and which fallows the present ASTM specification
Beso-R4, “Zine Alloys in Ingot Form for Foundry Casting”, The ZA-12 alloy contains
approximately 11% aluminum and 1% eopper combined with a small amount of
magnesiam (0,02% ). The ZA-27 alloy contains, on average, 27% aluminum with
2 = 2.5% copper and magnesium in the range of 0,01 — 0,02%, The microstructure of
the allovs nre dendritic/eutectic typical of many wide freezing range alloys,

i.e. primary aluminum rich dendrites Lo {or ZA-27 or 8 lor ZA-12), surrounded by a
eutectic of varyving amount, consisting of « + y phases. Copper rich ¢ (CuZn,)
particles are present in the interdendritic liquid. Photomicrographs of the two alloys
in the continuously cast and sand cast conditions are shown in Figure 2, In general,
the more rapid the solidification the finer the microstructure and dispersion of
precipitates. It is for these reasons that ZA allovs produced by various procosses
show differences in bearing and mechanical property behaviour. The mechanical and

=]
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TABLE 1

Compositional Ranges in with of ZA-12 and ZA-27 Casting Alloys
as per ASTM BE69-B4 Ingot Spacification

Element ZA-12 ZA-27
Aluminum 105—-115 250 -28.0
 Copper 05-128 20— 25
Magnesium N -I'.'I.'i:I'SE—GI.CIS 0.01 —EII:IE
Impurity limits: Pb — 0.004, Cd — 0.003, Sn — 0.002, Fe — 0.075 for ZA-12,
0.10 for ZA-27

(g} ZA-27 Sand Cast L (d) ZA-2T Continuously C.ast

Figure 2 — Microstructure of ZA-12 and ZA-27 In the sand cast and continuously cast
conditions, The ralative amounts of dendritic and eutechic phases in the
centrifugally cast bearings varies with casting conditions. (magnification

L1256
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physical properties of sand and continuously cast ZA-12 and ZA-27 at 20 and 100°C
|68 and 2127F ) are given in Table 20"}, The mechanical properties of ZA alloys are
readily assessed by reference to the table, Both the tensile strength and hardness are
decreased at 1009C (212°F ) whereas ductility and impact strength are marked|y
increased. An important design property at normal bearing operating stresses is
creep strength, Bearing stresses up to 6.9 MPa (1,000 b in™ ) are recommended for
ZA allovs operating under boundary or mixed lubrication conditions where low wear
rute is required. At this siress level o steady state creep rate of less than 15 in
100,000 h (11,4 years) is realized at temperatures not exceeding 120°C (248°F),

In this manual, discussion is devoted exclusively to continuous rotation bearings
and nssumes o working knowledge of the design of bronze bearinggs.

Table 2

Physical Properties
PROPERTY UNIT ZA-12 ZA-27
Specific Gravity 6.03 5
Cmnsity kg m™* 6030 5000
{Ib % (376) (312)
Melling Range C ar7-432 ars-484
"F (710-810) (708-903)
Coafficient of Linear Expansion K-t 24x 104 26x 10°%
20-100°C (68°F-212°F) ("F] (1341078 | (144109
Electrical Conductivity u £7 om 61 58
al 20°C {68°F) (o f2in.) l__L_ut]. tE‘_.E;
Electrical Conductivity WACS 283 297
at 24°C (68°F) |
Thermal Gonductivity W K ' 116 125.5
at 24°C (T5°F) (BTUIn "' b f2 =F) {B05) {870)
Specific Heal J kg K 450 b2b
24-92°C (75-188°F) {BTU b °FY) | (0.107) 10.125)
Latent Heat of Fuslon kJ kg™ I 118 128
380-415°C [T16-TTH°F) (BTU Ib™") {51} | 153}
— = * —
Solid Contraction %) =113 | =13
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TABLE 2

Mechanical Properties
SAND CAST
ALLOY
ZA-12
As Cast AaCast | AsCast Az Cant &
| i}
PROPERTY UNIT | Stabilized
20°C [BA"Fy | 100MC (212°F) | 2070 1B8°F) 20°C (68 F)
Tensite Strength MPa 27317 226230 d0-441 200-324
Min)  |(40000-48000) | 32780-33380) |{58000-64000) (4 20004 TO00)
Yighd Strength MPa 207-214 165-372 | 234-241
0.2% Ol (b in®y [ (30000-31000) IEE-IIII}D—ﬁ-lﬂELD;Ilﬁ-"I-DDEI- it
Edongation, i-2 A0-36 3B 2-4
O by 5:08 cm (2.00n.) |
Young's Modulus AP B2.1 x 10# 778102 Bg x 10*
(oin™ (114 10% [ (113 x 108 (12.3 = 10%
Hardness Brinall 500- 10-30a 92-948 B8.-72 110-120 BH-95
Hardness Vickars 5 kg 116-118 135-440 | 05
Fatigus Endurance hiPE = 103 =172
Limit [Rotary Bending) {ik i) [ = 150080 = 250000 !
Shaar Strangth MPa 248-262 Z83-297
(i in~" | 38000- 380000 (41 000-23000) I
Compressive Yiald MPa 224-234 328332
Sirength, 0.1% OHfsel ity 0¥ [132500-34000) (4T 500-48200)
Cresp Sirength '+ MFa 10 =D Ta G0
i1k des) {10,000 [ = TE00) (10000 | (13,000 |
— - ——— e S — t
Croap Rafe ey 1000 | 021 0agw = 00818 0 3/
Impact Strangth = J | 2330 7692 | 34.54 27-38
al 20°C (B8°F| {1t ] (1722 1hE-08) 125-40) [EH_-EE]
Polason's Ratio | 032-033 QL30-0.31

Momenclature: 1, Heat treated for 12h at 250°C (4B2°F), followed by furnace cooling
2. Stress to produce a steady state creep rate of 1% in 100000h (11.4y).
3. Creep rate at a stress of 138 MPa (20000 b in_ %)
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TABLE 2

CONTINUOUSLY CAST
ZA-27 ZA-12 f ZA-27
As Casl As Cast & As Cast Ax Cat As Cagl s Casd e Cast &
Stabilized 1 Statdlizad’"
1000 (212°F) 100°C{212'F) | 20°C (BR*F) | 1o0"C (212°F) | 20°C{687F) | W00°C(2127F) | 100°C (212°F)
LBO-FEH a7 -203 A0[-431 203-213 | dd44-484 275283 | 226-230
(40E10-41480) [(2B570-29440) | (BO200-62400) || 29480-I0080) [(E4000-TO000) | (40830-41030) ||32780-33360)
3-323 141-148 J55-364 214-218
(4394 0-48RTS) [ (20600-21700) [(87260-577501 | (31065-31315)
— —— — . d i . gt |
228 52T 2-3 0573 57 13-14 42-56
_Ei :r_'ri:rT T | FB.:_I{F*
[ 1T x 0% (113 10%
B0)-BH BE-EE | B9.101 58 5815 i25-135 67-73 E4-BE
124.126
_l"_T;TmF - e
i 1B420- 19000
=10
{ = 15001 .
RED 1
554 55-65 [4-24 65-73 15-25 az-10a GBi-104
B 37-47) | (40-48) e-18 | 46-54) (1% | iB0-74) T1=77

4. Creep rate at a stress of 17.2 MPa (2500 1k in. -3
5. 10 mm sq. (0.394 in. sq.) unnotched spaciman.

6 Equivalent to

pattern maker’'s shrinkage.
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3 BOUNDARY AND MINED LUBRICATION

This manual is designed for bearings running under boundury or mixed
| boundary/hydrodynnmic) conditions. The lubrication regimes can he most easily
discussed by reference to Stribeck curves | Figure 3)

0D.186
Baximum
s
& I Fluid or
E hydrodynamic
‘ w
| o
| O o005 [ Mixed
F4 Boundary
E
=
L
0,002 Minlmum
]

BEARING PARAMETER, N/P

Figure 3 — |dealized Stribeck curve showing boundary imetal/metal cantacl),
hydrodynamic (no metal to metal contact), and mixed regimes

Stribeck curves consist of a plot of the friction coefficient, {, as a function of bearing
parameter, N/, whers g is the dynamic viscosity of the lubricant at the nperating
tempersture of the bearing | Pa s/1b = in=), N is the number of continuous revolutions
per second (arm s /ft min' and P is the bearing stress (load) given in MPa (b m "),
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A Stribeck curve consists of three lubrication regimes viz;

in] Boundary — gome metal to metal contact separated by a
thin Alm of lubricant and characterized by
high friction independent of the bearing
PHTRITELET.

(b} Hydrodynamic or Fluid ~ a complete thick film separation of the
journnl and bearing. Here the friction is
dependent only on the shear properties of
the lubricant.

icl Mixed regime — pmixture of the above, characterized by
increasing friction as the bearing parameter
decresses, e load increases, speed or
viscosity decreases,

These three regimes are shown collectively in Fig. 3, which represents an idealized
curve, The position of the Stribeck curve is very dependent on the roughness of the
shaft, moving to higher values of [riction and bearing parameter with an increase in
roughness, Stribeck curves should ideally represent those conditions which follow
the “run m" period. during which the shafi becomes polished. Most commercial,
mdustrial bearings aperate in the boundary or mixed regimes, or both, during their
aperating life. It is of importance that operating conditions be controlled to reduce
the friction coefficient, f. thereby promoting savings in both wear rate and powaer
requirements.

H LUBRICGATION / GREASE GROOVING

Standard greases normally used for bronze bearings are compatible with ZA
illoys. Mineral oil based greases are best: those containing animal or vegetable oils
are not recommended The ZA alloys are attacked by strong acids or alkalis, hence
the grease should have n pH between 6 and 9. Greases used can contain EP ar non EP
additives. Grease grooving is unnecessary [or small diameter bearings |up to 2.6 em
{1000, | For larger sizes grease grooving typical of bronze bearings can be
empluyed ('), The grease |, irrespective of the type, should be replaced on a
regular basie, especinlly where wear debris production is excessive or the bearing is
consistently run at high temperatures of 100°C {212°F) or more.




H JOURNALS AND CLEARANGES

Generally, the journal inormallv steel ) should be approximately twice as hard
as the bearing and a minimum of 80 BHN points harder than the bushing. The use of
harder (R = 40) journals have boen shown to benefit boaring wear performance when
matchod with the ZA-27 bearings. The journal surface is very important to the wear
charscteristics of the bearing. A smooth surface (0.4 — 0.8 pm/ 16— 24 pin. ULA) s
necessary {or pood wear performance. A surfuce roughness of 0.2 pm/8 uin, CLA or
better ( polished shalt) produces markedly superior wear performance

The elenrunce for ZA alioy bearings run pear room tempernture is recommendod at
00025 times the journal diameter, Enlnrgement of this clearance may benetit

AGEING TIME, days

1 10 100 1000
0.186 ] T T T

0.14
A A SAND CAST

012 O & PMCAST

0.10
0.08

95°C (209°F]

0.02
0
- 10.02
- 0.04
- 0,06 I | |
10 100 1000 10000 100000

DIMENSIONAL CHANGE, % IN 12.7cm (5 in)
o
2

DIMENSIONAL CHANGE, % IN 12,7 cm (5 in)

AGEING TIME, h
(a)

L] T
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bearing load eapacity but will increase wear, At high temperatures, bearings secured
by shrink fits should have clearances adjusted by a factor of 1.15, while for
unrestricted bearings, n {nctor of 0.85 should be used. This also accommaodates the
volume increase shown by the ZA-27 alloy when aged rapidly at high bearing
temperatures | Fig. 41

— AGEING TIME, days
0 1 10 100 1000
E— 0.16 | | I |
E 0.14 | & A SAND CAST
. O % PMCAST
o 912 | pme sanpDcasT
-~ (STABILIZED)
> 0.10
e 0.08
w o.06
Qo
& 0.04
':':‘

0.02
Q
- | i ]
=
Z - 0.02
E 20°C 168°F)
o — 0.04
z
W - 0.06 . L |
= 10 100 1000 10000 100000
o AGEING TIME, h

(b)

* Approximately equivalent to continuously cast

Figure 4 — Linear dimensional change as a function of time for, a) sand cast and
permanent mould (gravity die) cast ZA-12 and b} sand cast, sand cast and
stabilized {12 h at 250°C (482°F), lurnace cooled) and permaneant mould
igravity die) cast ZA-27 at 20°C and 85°C (68 and 203°F)

15

DIMENSIONAL CHANGE, % IN 12.7 cm (5 in)
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[ BEARING FIXTURE AND WALL THICKNESS

Bearing fixture technigues follow those for bronze bearings. An interference
fit of 00005 ta 0,00 1 times the housing bore diameter is recommended. At higher
temperatures, this interference fit should be increased by a factor of 1.4, The larger
the bearing wall the smaller the interference fit required, Shrinkage fit can also be
employed but care should be taken with handling the ZA allovs at the low
temperatures required. At these low temperstures the alloys are brittle under impact
lnnding.

Mimmum bearing wall thickness should be calculated from:
Minimum thickness = (LMD + 0.5 mm
or 045D + 0,02 in.
where D is the journal diameter, mm (in. )

1] CONFORMABILITY / EMBEDDABILITY

The ZA alloys are hard in comparison to lead-tin bronzes hut equivalent to
aluminum bronze. Their conformability tability to deform to accommodate journal
misalignment | is better than bronze in view of the lower melting point of the alloys
and the reduetion in hardness with bearing tomperature. Embeddability is also
excellent and is comparable to C93200 bronze. However, as with all bearing materials,
efforts should be exercized to prevent ingestion of larger dust or metallic particles
which eould result in rough running and wear of the bearngs.

EMERGENGY RUNNING [AWTIGALLING]

The lubrication starvation or emergency running properties of ZA alloys are
superior to lead-tin and aluminum bronzes, During such conditions, a thin film of
rine is smeared aeross the interface with the journal, thereby reducing friction and
weir on the shadt

e e
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In nearly all eases, bearing applications invelve atmospheric exposure of the
outer surface as opposed to complete Immersion exposure. Little sttack of the
bearing/journal interfoce oceurs unless the bearing receives no lubrieation. The
ZA-12 and ZA-2T alloys display good resistance to ntmospheric corrosion, Corrosion
rates are unlikely to exceed 17 g m (580 in, ) per vear, even in the most severe
intustrial und marine atmospheres, and may be as low as 1 g m (39 u in.) per vear in
rural conditions. Also. ZA-12 and ZA-27 alloys will offer good corrasion resistance in
o variety of plant environments (e.g. the chemical and petrochemical industries,
pulp and paper mills, waste water treatment plants) s long as the bearings nre not
tirectly exposed to corrosive solutions or gases,

The ZA alloys may experience galvanic corrosion if in contact with other metals.
However, the degree of corrosion under atmospheric conditions is generally small
and can be tolerated in many circumstances. On the other hand, coupling of the ZA
alloys with other metals in a damp environment (e.g., underground applications ) can
lesdd to significant corrasion damage.

The ZA-12 and ZA-27 alloys will corrode appreciably in highly eeidic and alkaline
conditions, The recommended pH range of application is between 6.0 and 11.5,
although the formation of protective films from salts in solution can broaden this range.

Susceptibility to intergranular eorrosion in zine aluminum alloys has been virtually
eliminated by specifving low levels of impurity elements such as lead, tin and
cadmium. No intergranular corrosion attack is to be expected under atmospheric
exposure. However, some intergranulor corrosion [depth of penetration of 0.02 to
0.4 mm (0,001 5 to 0,02 in. } per year] may be experienced if the bearing is operated at
temperntures of G07C | 140°F  ar more in a highly humid (or agueous) environment.

If conditions warrant, the outside of a ZA alloy bearing can be chromated, nickel and
chromium plated or anodized for added protection.

The charts used for design of ZA bearings are as follows:
A. Stribeck curves

B. PV curves

L. Wear rate curves

D). Temperature curves
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These data were generated using 2.54 cm (L0 in.) TD, 442 cm ( 1.74 in. } OD I L/D = 100
concast and sand cast bearings under a variety of loads and speeds, together with
soveral shaft and bearing conditions, The grease used was Sunoco Prestige 741 EF
applied with an automatic feed set at 15 minute intervals, The charts shown are
universal in nature and allow extrapolation to both larger and smaller diameter
bearings with an L/I) ratio in the range 0.5-2.0, but must be used with cuution. They
are, however, representative of ZA alloys in aceordance with lead-tin bronze norms.

A. STRIBECK CURVES

BEARING PARAMETER, N/P (x10-3), m

0 5 10 15 20 25
0.25 | T | T |
=
5
0.20
% i CONTINUOUSLY CAST
E I S sanD cast
A5
E ? IOURRIAL | AISI1144 A 20-25
Q
= GREASE SUNOCO PRESTIGE 741 EP
LUBRICATED
© 0.10§
E

0 . Eﬂ 100 1 ;I:I 200 250 300 350
BEARING PARAMETER, |N/P (x10-9)

1ad

Figure 5 — Stribeck curves for continuously cast and sand cast ZA alloys:
a) ZA-12/soft shaft
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These charts are provided in Figure 5 for the ZA-12 and ZA-27 alloys
respectively. both in the sand cast and continuously cast condition. The Stribeck
curves show that low speeds and high loads {low bearing parameter) can he
tolorated by the ZA-27 alloy without undue increases in friction, when combined
with a hard shaft, than that passible for the ZA-12 and ZA-27 coupled with a soft

shalt. The performance of £A-27 decreases when used with o softer shaft, with the

reverse bemg true for ZA-12. The best combination of shaft and bearing material
18 clearly erifical so that recommendations for shaft hardness becomes i very
important design eriterion

BEARING PARAMETER, :N/P (x10-?), m

0.10

0 5 10 15 20 -
0.25 : . l : ]
L
= CONTINUOUSLY CAST
0.20 |- e
:I-_: SN SAND CAST
E JOLURMAL
Ww o0.15 1 MATERIAL AISI 1144 R: 40-45
(=]
. : At o | SUNOCO PRESTIGE 741 EP
=
£
o

0.05

R PPIPPPPPERPRPPE PP PE N

o 50 100 150 200 250 300 350

BEARING PARAMETER, . N/P (x10-9)
(i)

Figure 5 — Stribeck curves for continuously cast and sand cast ZA alloys:
b) ZA-27/hard shaft

i)
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The critical bearing parameter, that is, the low point of the Stribeck curve. is L6 for
7A-27 and 2.8 for ZA-12, while friction remains low for ZA-27 at higher bearing
parameters. This gives an advantage in terms of emergency running at higher than
normal speeds and for reduced power requirements and running temperature. This
property is less if a soft shaft is used. The Stribeck curves for sand cast ZA-12 and
ZA27, combined with o soft and hard shaft respectively, He below and to the left of
those for continuously east besrings. The frictional force measured is margmally
lower for sand cast bearings when compared to concast bearings at a given bearing
parameter. The mimimum friction section of the Stribeck curve for sand cast £A-12
hearings overlaps that recorded for the concast ZA-27 alloy, identifying similar
hehaviour of the two alloy/shaft combinations

BEARING PARAMETER, (N/P (x10-3), m

0 5 10 15 20 25
0.25 J 1 T 1 I
e
E 0.20 f CONTINUOUSLY CAST
-
Qo - JOURNAL
E } MATERIAL  AISI1144 R 20-25
g 0.15 O ACaTED < SUNOCO PRESTIGE 741 EP
I
o I
=
o 0.10
E 0.05
0 50 j00 150 200 250 300 350
BEARING PARAMETER, N/P (x10-9)
(el

Figure 5 — Stribeck curves for continuously cast and sand cast ZA alloys:
cy ZA-27/soft shaft
MEB. All journals 0.4 —0.6 4 mi16 — 24 u in.) CLA roughness
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B. LOAD-VELOCITY (PV) CURVES

Load-velocity curves consist of a plot of the bearing stress as a function of
sliding speed, Dependont upon the data generated, regions corresponding to high
[riction {nominally = 0.1), high temperature ( 120°C (248°F ) for ZA alloys), relative
wear (high, mediuvm) and hydrodynamie bebaviour (low wear, low friction | ean be
identified. As for the Stribeck curves, the position of specific boundaries between
different regrions of behaviour is dependent on shaft condition, ie. roughness and
hardness. For example, o decrease in shaft roughness displaces both the hydrodynamic
boundary and load capacity to higher stress and low speeds

The PV curves generated for concast and sand cast ZA-12 and ZA-27 bearings are
provided in Figure 6, Reference to Figures 6c and 67 for sand cast bearings provides

SLIDING SPEED, ft min-!

(1) 10 20 30 40 BD 60
30 T T ; T T T
- 4,000

25 |

. — 3,000

thoderalo to ¥
20 high wear
High temperatura
High waar

moaderats

BEARING STRESS, MPa
&
"'T
>
BEARING STRESS, Ibin-2

Hyﬁmdnarnlc
i

1] 0.08 Q.10 0.15 0.20 0.25 0.30
SLIDING SPEED, ms-'

[a]

Figura 6 — Load-velocity (PV) curves for ZA alloys:
al ZA-12 Concast/hard shaft
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a comparison to PV curves for continuously east ZA-12 and ZA-27 bearings run
under the same journal conditions./The load capacity of sand cast bearings is
increased over that for coneast bearings equal to an amount between 6.9 ~ 138 MPa
(1,000 — 2,000 b in?) st speeds up to 0.20 m s (40 femin' ). Beyond 0.20ms’

40 ft min ') the difference in load capacity falls to approximately 3.5 MPa

i B0 b in* ). The reason for this behaviour is related to the increased creep resistance
of sand cast vs coneast alloys, particularly ant bearing operating temperature, In
addition, the boundary between moderate and low wear (hydrodynamic | is raised

[or sand cast ZA-27 bearings over that of concast bearings, No equivalent
improvement was noted for the ZA-12 sand cast bearings.

SLIDING SPEED, ft min-

a 10 20 30 40 50 B0

30 T T T T T
= 4|B‘ﬂ'ﬂ I'.l
L] | =
= 2
ﬁ 20 - 3,000 g
w High tempefatina wl
E = High wear E
{2,000 W
ﬂ Modarata to g
E ia hiagh weaar -
[+ 9 [+
a = ‘I.l}ﬂ'ﬂ ﬁ
m s (14}

Hydrodynamie Low o moderate waar

1 | | i 1 | o
¥ ] D.05 0,10 0.18 0.20 0.25 0.30
SLIDING SPEED, ms-
o)

Figure § — Load-velocity (FV) curves for ZA alloys:
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C. WEAR RATE CURVES

Wear rate dota for concast ZA- 12 and ZA-27 as a function of bearing stress up
to & MPa (1,160 1b in™) is provided in Figure 7. This diagram indicates runges of
wear {or all material and shaft combinations tested. An increase in journal hardness,
roughness and speed produces the highest wear rate shown for each individual alloy
Wear is represented here as a change in bearing wall thickness {wear depthiasa
function of sliding distance
Ag the load increases from 2 to 8 MPa (290-1,160 |b in°) the wear rate increases for
all allovs, The difference between ZA-12 and ZA-27 is small but the absolute yvalue
is dependent on shaft hardness, being less than 15 = 10" mm "linin'') at a stress of
2. 6 MPa (290-870 [bin *)

BEARING STRESS, Ibin -2

>

(=] o 250 500 750 1000

-~ 25 1 - | .

,'_" rriz C 93200 (SAE 660) bronze

£ 20} [[]znr2 i
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BEARING STRESS, MPa

Figure 7 — Wear (dimensional change per unit of sliding distance | as a function of
applied stress for 2.54 cm (1.0 in.) dia. concast ZA alloy and Pb-5n bronze,
grease lubricated. bearings. The degree of wear within the ranges shown Is
dependent on journal hardness, roughness and speed
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An Iincrease in shaft hardness from soft { R 20 - 26) to hard { R 40 - 45) provides for
improved wear resistance when coupled with ZA-27 but the reverse for ZA-12. In
ZA-12, the wear rate measured can be up to 10 tmes higher with a hard shaft over
that of a soft shaft. Shaft roughness is also an extremely important variable.
Increased shaft roughness from (0.4 - 0.6 4 m (16-24 g in) CLA to an average of

1.0 4 'm (40 g in) CLA produces 20% greater wear in ZA-12. Decreasing roughness
from 04 = 0.6 g m (1624 g in) CLA to 0.2 5 m (8 g in) CLA prodoces up to 890% less
wear in ZA-12 and 26% less wear for ZA-27,

Lawer spesds produce increased wear whin in the 0.013 — 0.04 m &' (2.6-7.9 fomin ')
runge, which is reduced at speeds up to 0.2 m s (39 ft min '} coinciding with the low
friction part of the Stribeck curves. However, a significant increase in wenr oecurs at
higher epeeds of 0,27 — 0.3 m s (B3-65 [t min '), This is abnormal in lightly loaded
bearings when mixed and hydrodynamic behaviour is exhibited and which has been
shown to lower wear, The limited dats indicate that at these speeds and at higher
londs, high temperatures result in lower lubrication viseosity, more metal to metal
contact and enhanced wear.

Wear rate will vary depending on the application but sand east ZA alloyvs are preferred
where extreme conditions (high speed. high lond, dirt particles) are to be expected.

D. TEMPERATURE CURVES

A plot of running temperatures measured on ZA alloys as a function of
bearing speed and load is given in Figure 8. The thermal diffusivity of ZA alloys is
approximately 3 times that of bronze and the friction marginally lower, thus running
temperatures at equivalent loads are approximately half those recorded [or bronze.
Viry high loads combined with low running speed are Lo be avoided if high bearing
temperatures cannot be tolerated.

COMPARISON TO €93200 Ph-Sn BRONZE

Experimental data demonstrate that ZA alloy bearings have the lollowing
advantages over C93200 (SAE 660) lead-tin bronze bearings ()

- « ZA bearings typically run with lower friction energy loss and at lower
temperatures than C93200 bronize bearings under identical conditions of
load. speed and journal.

s The load capacity of ZA bearings is equivalent or higher than for C83200
bronze bearings, particularly at higher speeds, Further, hydrodynamic
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behaviour is extended to higher load in ZA bearings than in CH3200 bronze

at equivalent bearing speseds,

e The wear mte of ZA alloys is equivalent to or of ten much lower than
Cod200 bronze under the same conditions of load and speed

SLIDING SPEED/BEARING STRESS, ft min-' /Ibin -2

o 0.02 0.04 0.06
| T

o 0.01 0.02 0.03 0.04 0.05
SLIDING SPEED/BEARING STRESS, m s-'/MPa

Figure & — Bearing lemperature as a lunction of sliding speed/bearing stress for
ZA alloys and C93200 bronze combined with hard and soft shafts.
Temperature measurements based on 2.54 cm (1.0in} dia. bearings.
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EXAMPLE

The design for a new. heavy duty shunting locomotive calls for the 130 Lonne
load ta be supported by eight, nominally 0,152 m (6.0 in. ) dia,, grease lubricated ZA
besrings, run an 2 m (6,56 {0) dia. wheels, Running speed averages 10 lom 16.26 miles)
per hour for 3000 h in ane calendar vear. Bearing wear should be limited to <1% of
bearing diameter bet ween maintenance schedules of 1 year,

What alloy and bearing size should be used in this application?

SOLUTION

Step | ESTIMATION OF
BEARING RUNNING TEMPERATURE

n} Shiding speed of beanng is given by:
D =8,
(%
where I, = Diameter of bearing, m (It}

[, = Diameter ol wheel, m 1ft)
8, = Speed of train — 10kmh' (L.78m s'/5647 [t min')

If D= 0152 m(6.0mn) per
and 1), = 2 m (656 ft] specification
Bearing sliding speed (5,1 = 0.21 ms' (41.3 fuvmin’)
h) Bearing stress, P, is caleulated from the load distribution on each bearmg
anid projected area.
Load per bearing = 130 tonne/S
= 16.25 tonne
Prajectod bearing aren is given by L = D, where |. is the bearing length
and D, is the bearing diameter.
D, = 0162 mi6.00n}
and assuming a trisl value of L = 0,152 m (6.0 in) (L/D = 1.0}, then bearing

gtreas 15!
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ar
0162 = 0,052 6.0 6.0

P = 6.897 MPa { 1000 b in?)
¢} Using Figure B, hearing temperature is obtained by calculating the 5,/ ratio
S/P=0,030ms' MPa' (0.0418 ft min * Ib ' in®)
Bearing temperature regches a maximum of 40°C 1105%F ) for this application,
which iz scceplabile,

1625 tonne .’5.‘.,1"1:1“1)

SLIDING SPEED/BEARING STRESS, ftmin' /Ibin 2
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Figure B — Bearing lemparature

)




n a

CHECK LUBRICATION CONDITION
(STRIBECK CURVE)

Calculate the bearing parameter g S,/ P

Step 2

The value of viscosity. u, is obtained from the temperature-viscosity curve for the
grease used, Assuming the use of Sunoco Prestige 741 with EP additive for this
application, g at 40°C {1067 F) is equal to 143 © 10 Pa s (2.0735 < 10" b s in”)

SincesS, = 0.8t ms' (4L ft min ')

and P = /897 MPa 0 b m )

NP 436 = 107 m 544 = 10"in)

Referring to Figure 5b, at an engine speed-of 10 km h' (625 mph) the bearmg
will be operating in the mixed lubrication condition: For ZA-27 bearings a {riction
coelficient of 0,005 Lo 0,01 i= indicated

BEARING PARAMETER, (N/P (x10-3), m

0.10 §

(1] 1 10 15 20 25
0.25 I ] 1 1 i
e}
=z COMTIMNUGLESLY CAST
0.20 |- .
g m SAND CAST
E JOLURANAL .
b 0.5y SARTERAL AIS| 1144 R 4045
o : -
GHEASE UNDCO PRESTIGE 741 EP
: I  LIBRICATED SUNDCO PRESTIGE 741 E
o
Q
z

I |
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BEARING PARAMETER, N/P (x10-9)

Fig. 5 — Lubrication Regime
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Sten 3 CHECK LOAD CAPACITY
‘P RATING AND WEAR

#) Load enpacity

Using Figure 6, the combination of bearing stress and speed reveals thet the bearing
will sperate comf{ortably within the load cupacity of the ZA-27 slloy but near the
toad capacity of 2A-12, particalarly in the concast form.

) Wear

A bearing produced from ZA-27 alloy would show low to moderate wenr mate, indicaned

in Fig. 7. Al a bearing stress of 6.897 MPa (1000 1b In?), the wear rate mnges from
DZhtodmm’ imim') = 10

For £A-27 beanngs, a hard shaft (K. 40-45) of 0.6 g m 124 g i CLA maximum mughness
is recommended. Under these conditions n wear role of .25 mm! (inin®) = 10 far
sand cast ZA-27 o 0bm m ' (inin’) = 10" for concast ZA-27 baarings is applicable,
In 3000 b of operation each bearing will undergo n shiding distance of

SO0 = B = B0 = 0,21 meters

je. 2268 = 100 m (1 T.43 = 10 1)
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Figura & — Load-welocity (PY) curves for Z2A alloys:
b) ZA-12 Concast/soft shaflt
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Assumniny a safety fector of = 2, wear on each bearing made from sand cast ZA-27 will be:

7 2GE = 10P m = 025 « JT e 2
equal to 1.1 mm (0.0433 in}

or 0.7% of bearing dinmeter, which is within specification limits.

Note that the use of a polished shaft having a roughness of 0.2y m {5y In) CLA or
hetter. oF an increase in bearing size, would lower wear of the bearings still further
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0 10 20 30 40 50 60
ao | T T | T
8 27
25 H:gh- lamparalurs n-
High wear
Modearate 1o

high wear

10 i

BEARING STRESS, MPa

Hypdradynamic

Low o moderste wear

. . i i i | |
1] 0.05 0.10 0.158 0.20 0.25 0.30
SLIDING SPEED, ms
()

Figure § — Load-velocity (PV) curves for Zh alioys:
g} ZA-27 Concast/soft shaft
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BEARING APPLICATION QUESTIONNAIRE

This questionnaire can be used as u busis Lo assess the suitability of ZA allovs
tor & particular bearing application. A completed copy can be used during discussions
with Noranda personnel at your office or via the telephone

CONFIDENTIAL BEARING APPLICATION QUESTIONNAIRE

Talgphone numer-
Comntact narms and 1t

CANDIDATE COMPONENT

Marma:
Coda rurmibse
Function:

MNumber of beaarings per unit:
Presant:
Waight:

Approzimate dmeansions:

Eatimated anmual consumption

Cogl por component pretently used:
Casting:
bachirmng
Ag recaved, ready for use:

Avallabi@ity of prints: O yes O m
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AREAS OF PRESENT CONCERN OR IMPORTANCE

|3 Ateasion resistnncs ] Creep

[0 Scoring reslstance O Load capacity
O Tormperatre resistance O corormability
[ wmpact strengtn O Ertedaabiity
[ Compressive yheid O corrosion

[ Fatigue ] piseharge pitting

O cavitation
[0 coetficlen of triction
O sorvica ste

DE‘“M’I‘M
[ cost reduction

SPECIFIC PARAMETERS
PAAT 1. BEARING COMPONENT

Componont dasign configurathon
Aoy type:

Bearing dimengions:

(LD, baaring sectlon, eta.}

Typa and size of ofl foed channals,
if - applicabia:

Operafing load:

Avarage servite He:

Apperent general mode of tailure:

Aemarks:

4R




SPECIFIC PARAMETERS
PART 2. JOURNAL OR SHAFT

Material type;

Suripes hardness:

Claaranoe;

Action; continuousa
or aaciiatory:

Spead of action, It applcabbe:

Arg ond freguency of oscillation,
if applicable:

Aemaris;

a7
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SPECIFIC PARAMETERS
PARAT 3. LUBRICATION

Brand nams:
Lubrizant type f{oll, greass, ate.):
Walghi or viscosity index:

Chamical typa:

Aaditives (special in preblend,
added on alte, ete.):

Method of lubrcatkom
Clogad or opan cychs feading:
Filtration
Haal axchange cooling:
Service temperature:
Entry:
Exit;
Susceptibiity 1o contamnation:
Fraom sxtarior:
From inlariar:
Contaminant 1ypols):
Lubrication ragima:
Boundary:

Mixad:
Thick flm:
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SPECIFIC PARAMETERS
PART 4. SERVICE CONIMTIONS

Amblient servioe temparaiura:; Einimume
e =

Baaring housmg surfacs
farmparEiura;

Equipmani operating tamperaiure
limitations:

Bearing coolng:

Typa |f pragant:

Beaating constreim materiak

Cperating risks: Impact:
High torgue on startup:

Lubricant starvation
on startup:

Elsctrical dischargs pitting:
Cavitatlon sroskn:
Embadment or scoring

Hisfriaska:

A9




FINAL STATUS

Which ZA alloy was amployed :

Final clearance tolorances amployed:

Was ihe original bearing redesignoed:

Datails of redasign, # applcabie:

Finlahed cost of ZA part:

Average service life of ZA part:

Wade of fire of LA port:

Why wan the part successful in ZA:
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