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1- Summary: The materials used for the most previous work to investigate the characte-
ristic of shrink-fitted joints are a commercially available mild steel. Shrink-fitted joints
are produced using a much wider material range which can include nonferrous materials.
The paper at hand is concerned with the effect of changing material type and the use
of differeing material combinations on the joint holding load.

A theoretical approach is adopted to evaluate the holding load and stress induced
between the two mating surfaces of the joint. Also, an experimental work is designed to
investigate the effects of some parameters on the joint holding load i.e. the surface roughness
and the interference value. The different materials used to produce the two members of
the joints are, Mild Steel, Brass, Aluminium, and Bronze Phosporic Copper.

2- Introduction

The fundamental basis of shrink-fit construction as in all types of applications,
where residual or initial stresses are purposely induced in the material, is to utilize favorably
distributed internal stresses rather than increased weight of material to resist service load.
In shrink-fit construction the intent may be to increase the elastic range of material used
to increase the fatigue life of the joint. In many instances a low- cost material, weak
from the stand-point of inherent strength, can be used in a prestressed condition to accomplish
the same results as a more expensive higher-strength material (1,2,3,:

Shrink-fit constructions are well suited to many different design situations, such
as replaceable liners in pressure vessels or strengthening of a liner by a shrunk-on shell
that helps retard crack propagation. Its versatility is also demonstrated in  assemblies
composed of materials having different properties or degrees of corrosion resistance, such
as a shruik-on steel shaft over a copper or aluminium -ring, where maximum utilization
is made of the properties of both mazterials.

It is usval, in the case of an assembly, having shaft and ring, the mating surfaces
dependent upon the elastic properties of the materials for 1ts grip, to employ Lame's thick
cylinder theory to determine the magnitude of stresses induced in the hollow and solid
elements. The theory is so well known in connexion with force and shrink-fits that it needs
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only be briefly referred to. It is therelore good practice to make the fit as tight as the
properties of the male and female material will permit, i.e. fit which does not allc?\v the
circumierential stress in the female bore to exceed the yield strength of the material (4).

The traditional recommandation is to produce a joint with surface as smooth as
possible, but this method is timited by the economy of the manufacture of such parts. The
sacrifice in economy for uncalculated and indefinite gain in the joint holding load is not
an acceptable engineering practice. Consequently, it has been substituted by increasing
the joint interference value, which has resulted in the limited use of such fits due to the
large stresses induced in the mating parts. Moreover, a large value of interference can
have an adverse effect on the holding load if the stresses exceed the material yield stress.

3- Theoretical analysis:-

3.1 Effect of material and Heat treatment:-

The experimental results showed that the holding load of a force-fitted- joint
can be, increased by increasing the elastic limit of the material through cold working (4).
Conway's (5) attempt to verify Lame's equation has shown that the two fundamental factors
affecting the grip between the two shrink-fitted components are the elastic limit and the
magnitude of the modulus of elasticity. It has also been shown that the interference required
to give a specific radial pressure is inversely proportional to the Young's modulus. From
a comparison between several different materials it becomes obvious, when using Lame's
formula that an increase in the modulus of elasticity is {ollowed by a proportional increase
in the holding load. For example, the holding load of a joint made of steel is three times
greater than the same joint manufactured from duralumin.

The experimental results have shown that, when materials with comparable tensile
strengths need to be selected, it is preferable to choose a material with high toughness
and high yield points, because it is on these [eatures that the fatigue strength mainly depends
(6). Kestei'man (2) has carried out an experimental investigation in which carbon bushings
were press-fitted to metal parts. The results have shown that the lead which must be supplied
to form the joint is dependent on the surface roughness and the heat treatment method.
The bushings that are heat treated using oil, require 50% higher force than those treated
using water. Oil is a more preferable heat treatment medium due to the improvement in
reliability and strength that accompany its use. The strength of the permenent joints increases
with increasing the value of interference, of joint length and of bushing wall thickness,
as well as of the metal part surface roughness and heat treatment. The tests have also
shown that heat treatment of carbon bushings in oil can be used to improve the reliability
and strength of the permenent joints.

3.2 Stresses induced in the shrink-fitted joints:-

Fundametals of shrink-fit theory are covered bv analyses of heavy-walled cylinders
subjected to internal and external pressure. Fabrication procedures involved, lubrication
of shrink-fit assemblies, preparation of contact surfaces and similar manufacturing problems
will not be considered here (7 }

Cross sections of various types of shrink-fit constructions are; ring and solid shaft
under shrink-fit pressure only, ring and hellow shaft under shrink-fit pressure only, two
shell vessel with internal pressure and shrink-fit pressure, and, ring and shaft subjected
10 shrink-fit pressure and centrifugal forces. In all cases the component parts are not nece-
ssarily of the same material.

The simplest case to be considered is when only shrink-fit pressure is taken into
account. Two situations will be discussed.

]
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3.2.1 Different Materials-Hollow shaft

In the general case, the assembly is a two-part system, each part having different
properties. The assembly is held together by a shrink-fit pressure, P. The cuter componen:
has a poisson's ratio of ¥ and on elastic modulus of EO, and the inner compenent has a poisson's

ratio )fand an elastic modulus of Ei‘

The radial deformation for the inner c¢ylinder is:

b, = =B Ei-*.u.‘f-.. -¥)d Y
i E 2. 2 f

Deformation for the outer component is:
2
A{) = -g- ( _‘f__:__[;' + 33) g o {2)

The total shrinkage allowance is the absolute sum of the individual deformations;

2
A = Pd [ -IE;' ( ’322“::‘[‘)2;2- “'J’é) + EIT ( -g(;zt:'g—:i' = "7) ] v (3)

From equation the shrink-fit pressure is:

Z 2
P :A}{ d[ --J- ( -q__:__q___ . :)/ ) . -l_ ( _a___f_g__ = J‘/ 1]
o D"-d B d” - a2 ' S

3.2.2 Different Materials-Solid Shaft
lf the inner component is a solid shaft, a=o and equations 3 and 4 become:-

A opd -é- ( ~ng--fc-§—) s Y+ J__:E,_"fi__] ()

o i

and

P = a ... (8)

The axial force that a shrink-fit assembly can withstand without separation of the
parts is:

H-LI\:-lT'LdP.JJS (A

The paper at hand is concerned with the previous case in which the shaft will be
solid and the joint will consist of different materials combination,

3.3 Estimation of the joint Holding load using a Theoretical approach

The pressure induced between the two mating surfaces representing every joint
is estimated using equation (6). The pressure of every joint is calculated at a different level
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of intecference value using the mechanical properties {i.e. E &) of the materials forming
the joint male and female as given in table (1)

Table {1) Mechanical Properties of The Mate'riais used

:\Mech. prop. E Modulus Poisson Elongation | BHN kg/mm?ultimate
Mat. of Elast. tensile

yp '
kg / mm? ratio % strength
I =

Miid Steel 21 x 10] 0.29 24 120 37
Aluminium Alloy ] 0.675 x ‘04 0.34 5 95 12
Copper | x IOL] 0.32 ] 35 13
Brass 1.25 x 10 0.37 40 692 22

To evaluate the joint holding load using equation (7), the static coelficient of [riction
(,us) between the two mating surfaces of the joint should be estimated.

The method adopted in the present rescarch is based on estimating the mean

slope of the surface profile and by substituting in equation (8}, which has been predicted
by the theory of dry friction between rough surfaces (8) the value of 4, can be evaluated.

3.3.1 The static coelficied of friction .y

Hisakada (8-9) ° has investigated the elfect of surface roughness on dry friction
between two metais,” assuming that the asperities are cones of slopes which depended
on the surface roughness. A theoretical expression is derived which includes ploughing
and adhesion in determining the iriction coeificient for cones, spheres and square pyramids
ploughing along a soft metal surface.

Hisakado suggests that the theoretical estimation of the coefficient of friction
between two metal surfaces can be determined using the relations between the surface
roughness, the slope of the asperities and the coefficient of friction due to the adhnesion
at the interface.

Tsukizone et al (t0* has investigated the effects of surface roughness on the
joint holding load of sheink-fitted joints. For the purpose of computing the theoretical
and experimental values of the holding load, the static coeifficient of friction M is estimated

by substituting a value ofé; = 0.7,,u = 0.% [or rough surfaces andC: =0 ,u = 0.193 for
smooth surfaces in the following equation:-

.2 i

A =C:.U+(l-fs) Trtan 8+0.5 u{cosB +1} R ¢:9)

This technique has proved very successful in representing the experimental data.

The paper at hand adopted a similar approach to evalute the static coefficient
of friction u_. It is considered that an average value of the mean slope depending on the
different pargmeters that characterise the surface, namely, R_ and the average wave length
represent a better estimation of the mean slope. The following equation is used to evaluate
(the rne)an slope of every surface forming the joint and these values are shown in tables
2,3,4,5
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2 TR
tan (@) = —-mmmz---- 2. e 9
*a
The average wave length is calculated using a Talysurl (4} and taken as the

average of ten traces obtained at the mean line of profile. By substituting in equation
(2) the static coefficient of friction of every surface can be obtained.

The average static coelficient of friction w_ of every joint is calculated and
by substituting in equation (7) the holding load of every joint is obtained as shown in tables
(2,3,4,5)

4. Experimental Work

4.1 Specimen preparation

The two members of the different joints are manufactured using a mild steel,
Brass, Copper, and Aluminium alloy. The joints are divided into four equal groups, according
to the material type used, to produce the rings. A large number of rings is manufactured
to provide enough specinens for the matching process. The shafts for all groups are manu-
factured using a mild steel while the rings of the four groups are manufactured using
a mild steel, Brass, copper and Aluminium alloy respectively. The mechanical properties
of each material used are shown in table (1)

The process used to manufacture all the joints members i1s a turning process.
The process parameters have a significant influence on the surface roughness degree,
hence, it is necessary to change the process parameters to produced three different degrees
of surface finish.

The nominal size of all joints is 20 mm. {inner diam.) the outer diameter is 50
mm and the hight is 20 mm,.

4.2, Surface Roughness Measurements:-

Talysurf (4) is used to determine the R_ value of every shaft and ring as shown
in Fig (1). The stylus of the Talysurf is positigned to move along the specimens which
are held in a vee-block to obtain the R_ value across the lay. The mean value of R_ is
taken as the average of ten readings. Nlso, for each specimen ten readings are taken
at the mean line, i.e. the HSC, from which the average wave length is obtained as the
quotient of dividing the stroke length by the number of spots.

4.3, Dimensional Measurements:-

The outer diameter of the shait and the inner diameter of the ring are measured
using a Universal Measurescope model (10) which has a scale value of | um, as shown
in Fig. (2). Ten readings are obtained for both shaft and ring with the average value taken
as the effective diameter.

4.4 Joint Assembly:-

Pair consists of a shaft and a ring of fracticaly the same surface roughness (R )
are chosen to form joints of diffenent interference value and difierent material type
for each group.
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Fig. {1) Surface Roughness Measurements Fig. (2) Dimensional Measurements
(talysurf 4) (Measurscope 10)
The interference value of each joint is chosen to fulfill the following conditions:-

i - To provide adquate intcrference 10 ensure satisfactory strength for the finish assembly.

ii - To keep the stresses resulting from the fir below the level of the material allowable
stress.

iii - To ensure that the amount of heating the rings would provide an adquate clearance
for fitting.

5. Experimental Investigation:-

The tension tests are carried out using a 20 tons Universal testing Machine,
wydraulically operated, the holding load of the joint is obtained directly from the machine
dial which has a scale value of 0.01 ton.

The dial calibration is carried out using a proof ring and it was found satisfactory
within + 1%.

The load is applied steadily, and as soon as the pointer of dial oscillates, the

load Is read on the dial and this value is considered as the holding load of the joint under
test.

&. Results And Discussion:-

6.1 The effect of surface roughness.

The effects of varying surface roughness Ra on the jaint helding load for all

joints types investigated are shown in Fig. {3-6). For all joints types the holding load dec-
reases with increasing the surface roughness Ra' The rate of increase in the holding load

with decreasing the surface roughness R_ is much greater for the joints made of copper,
Brass, Aluminium and Mild steel respectively.

6.2 The effect of interference value:-

Fig. (3-6) show the relationships between the holding load and the interference
value for all joints types tested (steel, brass, copper and Aluminium). As can be seen
from figures, the general trend can be represented by a linear relationship for the small
value of interference. After a certain interference vaiue the relationship starts to show
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a non-linear trend. This non-linearity can be directly related to the material elastic behaviou:.
The low levels of interference are not enough to induce stresses beyond the material
elastic limit, whilist at a high interference levels the stresses may reach the material
plastic range. The deviation from linearity for each curve has proved to be material type-
dependent. The increases in the joint holding load with the increasing in the interference
value is due to the pressure increase induced between the two mating surfaces of the
joint. Also, it is clear from figures that the rate of increases in the joints holding load
manufactured of mild steel has a largest rate whilist the copper joints has a lowest rate
at Ra = L.l um for an increase of 40 um in the value of interference.

6.3 The effect of material type on the H.L.

" The type of material has a significant influence on the holding load value as
shown in Fig. ( 3 - 6 ) . For the same value on interference and surface roughness
the holding load of the joints manufactured of mild steel has wie hignest vaiue, wnilist
the Aluminium joints have the lowest value. It is clear from the experimental data that
the joint manufactured of material with a largest value of modulus of elosticity has also
the largest value of holding load at the same interference and surface roughness value,

[t can be seen from the tables, that the percentage deviations of Brass, copper
and Aluminium joints helding load from steel joints holding load are, 48%, 52% and 65%
respectively at interference value of 19 um. By increasing the interference value to 54
um, the percentage deviations become, 72%, 75% and 77% at the same value of surface
roughness. This means that the joint holding load is dependent on the material type of
produced the joint i.e. the material with a higher value of modulus of elasticity has a
largest value of holding Joad.

6.4 Holding load determination (theoretical method),

The details of the method used to include a1 in calculating the theoretical joint
holding load are outlined in 3.3. Tables 2 to 5 showed the predicted value of holding load
for the experimental range investigated. The main joint parameters, viz, surface roughness
and value of interference, all play an important role in determining the degree of correlation
between the theoretical and experimental data values.

For mild steel joints the percentage deviation between the theocretical and experi-
mental values has proved to be more closed than in the case of the other types of joints.
For small value of joint interference, a small percentage deviation have not increased
to more than 35% at 54 um interference level and 1.07 um R_ and this deviation increased
to 50% at R_ = 2.46 um to reach about 100% for R_ = 5.56 uni:

The percentage deviation for the Brass, copper and Aluminium joints is about
50% for a small value of R_ and interference level did not increase to more than 20 um,
while this deviation increaséd rapidly by increasing the value of interfenece and suriace
roughness Ra as shown in tables 2-5.

This method of determining the joint holding load using the coefficient of friction
relied on using empirical equation which are based on measuring the physical parameters
characterising the surfaces, such as the profile mean slope tan ©. The average mean slope
is also dependent on the average wave length and centre line average R_ and neglects
the eifect of the geometrical errors i.e. out of straightness and out of rdundness in the
analysis. The analysis of the experimental results indicates that the results obtained using
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this method give a better overall assessment of the experimetal data of the mild steel
jjoints ,whilist they give a good correlation for the other type of joint at small levels
of interierence and smooth surfaces only. see Fig. (7).

Conclusions:=-

At higher levels of interference and for rough surfaces factual evidence suggest

that the situations may have some resemblence between them and sticking condition
at the very edge of the cutting teol tp. An investigation in that direction might mirgt
some considerations is beyond the scope of the present work.

The main cesults and conclusions can be stated as follows:-

The joint holding toad of shrink-fitted joints which consists of combination materials
increases proportionally with the increase in the interference value for the same
value of surface roughness R _.

2-  For the same joint surface roughness Ra the percentage deviations of Brass, copper
and Aluminium jeint holding load from steel joint H.L. are, 48%, 52% and 63% respec-
tively at interference value of 19 um. and this % deviation increases by increasing
the interference value.

3- For a given value of interference, the joint holding load increases with decreasing
the joint surface roughness Ra for all types ol joints.

b-  For the same value ol interference and surface roughness Ra' the joint holding load
increases with increasing the moduius of clasucity of the matenal consisting the
joint.

5~ The theorctical method of estimating the joint holding load using the coefficient
of {friction us pives a better overall assessment of the experimental data obtained
for the mild steel joints, while the data obtained for Brass, copper and Aluminium
are reasanable only for smooth surfaces (Ra - | um) and small value of interference
(20 um)

Appendix A

Nomenclature:- -

Pm Mean interface pressure

d Joint nominal size

D Outside diameter of the ring

L Length of fit

Mo Static coefficient of friction

£, Youg's Modulus of Elasticity for the ring

Ei Yough's Modulus of Elasticity for the shaft

a Interference on the diameter

BG Poisson's ratio of the ring.

' Poisson’s ratio of the shaft.

i Coetficient of friction due to adhesion at the interface

C; The ratic of the normal load supported by the junctions at which adhesion

only takes place to the total norma! loads

H.L. Joint Helding load.

a Inner dia. of female component
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Theoretical holdiny lood and value of interfecence
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Table 2-Shaft and ring of mild sieel

=
j . R A value of inter-|Holding load % dev. of
Joint No. . Shiati ring 5 s - .Rm:w
| 2 average | average | ference um : theor. H.L.
| R I} lVﬂ R @0 \y
shaft-rin a e ! a “ . Experime4 theori-
& Am mm Am i ntal tical

72 -6 1.1 .41 | .0ue 0.95 7.40 0.046 | 1.02 0.324 7 1.52 1.25 + 17

70 - 3 . 1,16 | 9.49 | .0u3 0.9% 8.10 | 0.048 ) 1.07 0.327 19 2.6 3.k - 32
" 71 -1 1.2 | 7.13 | .06l 1.05 28.32 | 0.045] 1.13 0.323 23 3.3 4.12 24
X 73-2 1.18 | 8.26 | .05] 0.99 7.90 0.045| 1.08 0.324 33 4.5 5.92 3]
O 4 -7 1.15| 7.82 | .053 0.96 3.30 0.049( 1.07 0.324 54 7.2 9.69 34
2 ;
o
& 78 - 12 2.38 10.38| .081 2.36 3.60 0.109 | 2.50 0.33 7 0.81 1.28 58
N, 76 - 10 2.29 | 10.58| .077 2.64 8.70 | 0.l104 | 2.41 0.33 18 2.23 3.29 47
[aa]
- 79-9% 2.4] 11.02| .77 2.58 3.78 0.094 | 2.49 0.333 28 3.42 5.16 50
m 77 -13 2.3] 11.19] .073 2.61 8.77 0.106 | 2.46 0.331) 47 5.78 8.62 49
N 75 -8 2.43 1 13.65].062 2.52 | 8.04 | 0.113| 2.47 0.334 60 7.4 11.11 50
2
g 82 - 17 5.43 | 11.39] 159 5.61 9.147| 213 | 5.52 0.332 11 0.99 2.02 104
.m 20 - 20 5.38 15.11) 132 2.67 8.46 .239 3.52 0.337 21 1.98 3.92 96
o0 34 - 19 5.35| 14.75| .128 5.58 8.61 .232 5.46 0.336 32 3.2] 5.90 a3
o g1 - 18 5.6 | 14.46| 143 5.85 | 8.50 | .246 | 5.65 0.336 42 4.45 7.82 75
omc 83 - 2] 537 | 13.50] .141 5.95 9.12 | .233 5.66 0.335 54 5.73 10.02 75
I
2
]
=]
2
]
=
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Table - 3 - shaft of mild steel and ring of brass

Joint No. shaft ring xm Mg value of inter- Helding load % dev. of
—average| average | ference.um I tns theor. H.L.
R e [ 2. | r S Ir [ ; ;
a a a a Experime- theori-
shafi-ring Am mm Am mm | .um ntal tical
39 -6 . 1.15 9.21 | 0.044 1.17 6.5 0.065 l.l& 324 5 1.03 0.58 43
2-1 1.23 8.58 | 0.05! 1.33 848 0.056 1.28 326 12 1.20 1.41 17
69 - 10 1.25 8.96 | 0.065| 1.07 7.00 | o.054 1.16 320 26 1.50 3.04 102
42 - 11 1.23 9.88 | 0.044 1.18 6.73 0.062) 1.20 318 48 1.82 3.51 202
|l -2 2.7 9.36 | G.103 2.33 2.93 0.093 2.51 J328 12 0.9 1.42 57
8 -7 2.3 13.4 | 0.074 2.6 8.9 0.104 2.70 L3335 3z 1.3 3.87 157
14 ~ 12 2.83 12.45] 0.081 2.47 2.00 0.1100 2.65 332 33 1.4 4.55 225
7 - 2.98 11.98] 0.088 2.50 8.42 0.10o¢ 2.72 .332 53 1.58 6.35 30}
23 -9 5.6 14.75] D.134 5.97 9.9 0.21% 5.78 339 bl 0.1 ¢.6l 500
30-3 3,33 15.12) 0.124 5.27 8.5 0.221] 5.30 337 it 0.33 1.70 a7
19 -5 5.26 13.7 1 0135 5.47 7.6 0.257) 5.36 L3332 32 0.77 3.85 400
64 - 3 517 13.5 ] 0.135 5.83 10.5 0.19% 5.50 338 43 1.05 5.62 435
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Table 4 - shaft of mild steel and ring of copper
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_ = R A value of inter- | Holding load %dev. of
Joint No. | shaft | ring m.cmwmmm m<¢”mwm e G A mxm_._ Hwa - t heor. H.L..
R = 3 ] REDY perime-| theori

shaf t-ring ol =] en a S) :ﬂ: am ntal tical

13 - 24 1.03 6.3 |0.058 | 0.88 |6.06 |0.052 | 0.95 0.318 8 1.08 0.786 27

3-10 1.32 7.3 10.065 0.85 | 5.56 | 0.055 1.08 0.319 19 1.19 1.87 57

9-23 1.25 7.6 |0.059 | 0.95(7.55 | 0.045 1.10 0.322 30 1.28 2.98 132

47 - 19 1.30 7.3 10.064 | 0.99[5.78 | G.06! 114 0.320 36 1.40 3.56 154
35-20 1.23 7.25 [0.061 0.96 | 7.62 | G.045 1.09 0.322 49 1.60 4.87 204

10 - 12 2.37 11.06|0.076 2.93 | 10.7 | 0.097 2.65 0.334 18 0.75 1.85 146

43 - 4 2.25 11.53/0.069 2.87 | 9.1 |0.1i2 2.56 0.332 38 0.85 3.89 357

38 - 21 2.76 10.5 10.093 | 2.90(11.7 [0.088 | 2.83 0.337 58 1.20 6.04 403

38 -3 2.83 11.3 10.089 2.89 [ 10.4 |0.099 2.86 0.334 78 1.25 8.05 544

&l - 6 237 {1.8 10.071 2.89 114 ] 0.090 2.63 0.337 98 1.81 10.20 463

27 -3 5.85 12.64)0.163 5.02 | 10.50| 0.170 5.43 0.336 13 0.25 1.34 436

12 - 14 5.23 14.80)0.124 5.77 19.95 10.206 | 5.50 0.339 25 0.40 2.62 555

54 -8 5.57 13.60|0.45 5.14 19.80 }0.187 | 5.35 0.337 47 0.70 4.90 600

26 - 1) 5.42 13.70/0.160 | 5.13|9.90 | 0.135 | 5.27 0.338 64 0.85 6.68 685

2 -1 5.13 14.10)0.128 5.97 w.wc 0.231 5.95 0.338 7Y 0.89 7.73 768

_
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Tabte 5 - shatt of mild stcel and ring of Aluminium

, R o value of intery Holding load % dev. of theor.
Joint No- shaft ring a 5 in tons H.L
ference um T
, average| average
R ol "\ R o [}, . _ :
Va e a a |e o ith Experime- theori-
shaft-ring | «m mm | um nzl tical
4 - 20 0.c217.77 10.042| 0.98 |4.75]0.074 0.95 0.319 5 0.50 0.347 n
17 --23- "1.30| 6.8% | 0.068 | 0.79]5.90]0.048 1.05 0.320 20 0.90 1.39 54
5-21 1.22 | 6.79 | 0.064 | 0.94 |6.80 [0.050 1.08 0.320 3t I.16 2.15 85
6 - 2% 1.33 |6.77 |0.070 | 0.83|5.10 |0.058 1.08 0.318 38 1.32 2.€3 99
4 - 22 1.35 | 6.69 | 0.072 | 0.85]|5.42 [0.056 1.10 0.318 2 1.54 3.32 117
12 --5 249 110,13 (0.087 | 2.19(9.72 {0.080 2.34 0.308 I5 Q.46 1.01 119
3 -4 2.90 |10.1510.102 | 2.18|10.480.074 2.5k 0.332 39 0.95 2.32 196
55 - 1 3.18 [9.99 |0.113 | 2.58|9.89 |0.093 2.88 0.331 69 1.37 4.97 262
56 - 3 3.20 |9.78 |o0.117 | 2.1910.6210.07% 2.68 0.332 30 1.65 5.78 250
57 -2 3.05(9.99 [0.109 | 2.28 | 10.06{0.08] 2.66 0.331 107 1.85 7.71 316
3 - 17 5.65 |14.88 10134 | 6.57 | 8.51 |0.275 6.11 0.3375 3 0.22 0.22 o]
21 - 10 6.50 |15.10]0.149 | 6.13]7.60 |0.288 6.26 0.336 23 0.45 1.68 266
59 - 13 6.15 |15.10(0.143 | 5.47 | 8.50 {0.230 5.81 0.3375 33 0.79 3.3% 392
62 - 4 5.47 1 15.1310.127 5.76| 7.35 1 280 5.61 0.336 S0 1.20 6.28 443
a0 - 1 5.22 | 15.0000.122 | 6.53 7.72| 0.302 5.87 0.336 113 1.45 8.26 469




