TEST _REPCRT

The wori is for convenience divided into the following series,

which are repcrted separately.

Series 1.

Series 2.

Series 3.

Series 4,

Series 5.

Series 6.

Series 7.

Series B.

Shrink fit test of brass on brass, % inch nominal diameter.
Separated by axial force.

Shrink fit test of sluminium on aluminium, % inch nominal
diameter. Separated by axial force.

Shpink fit test of mild steel on mild stecl, % inch nominal
diameter. Separated by axial force.

Shrink fit test of cast iron on cast iron, 1% inch nominal
diameter. Separated by sxial force.

Shrirk fit test of brass on brass, with brasso polished shaft,
4 inch nominsl diameter. Separated by axial force.

Shrink fit test of brass on brass, with greased surface,

4 inch nominal diameter. Separated by axial force.

Shrink fit test aluminium on brass, 4 inch nominal diameter.
Separated by axial force.

Shrink fit test of brass on brass, 3 inch nominal diameter.
Separated by combined axial force and constant torque of

88.3 in.-lb.
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SERIES I

Brass on brass, as turned surface, 4+ inch nosinal diameter, as
machined surface conditiom, %- %

Both shaft and hub were cleaned by an air jet. The hub was then heated
by oxy=acetclene neutral flame to a hl h temperature 28 evidenced by the
ehange in colour of the flame surrounding the hub surface. The shaft
was slipped into the hub and allowed the hub to shrink on in room
temperature for 3-5 hours before testings The thin oil filn that might
be on the surfaces was mostly vaporized by the intense heat at the
contact surfzces.

The specinens were separated by the Universal Testing Machine
with a speed of approximately 15 minutes/inch. A graph drawn by the
mac-ine was obtained for each specimen. Exanples of the graphs are
shown in fig // and /Zfor elastic end elasto-plastic grip respectively.
At first slip, the foree suddemly dropped, with a loud noise,
approximately to 4 of the maximm loszd. For the elastic grip, the
surfaces were nearly undamaged and the load gradually decreased with
the sliding of the specimens. In elasto-plastic grip, or in high
pressure elastic grip as well, the surfaces were damageds The top of
the 1i tle ridges of the surfaces were crushed during shrinkape or
sheared off in separstion operation. Thus, for hich pressure, the
selzure of the point of contact was so strong that the slip caused the
surface particles of each element to be pulled out of position and these

were rolled and dragged during further separatiocn so that much force was



required anc the mating surfaces were badly torn®.

The sepzrating foree to ceuse the first slip was then the most
reliable data obtained. The curve of the first slip foree per unit
contact area with varying fits was obtained in fig ¢/ . The test
points lie well in a straight line st early elastic grip but abruptly
deviate to about 45% of maximum value.

The efficiency in the interference fit curve, being similar to
the force per unit area curve exccpt the change in ordinate scale by
dividing by Sus, was presented on the same ordinate axis.

The test results were not in agreement with Lamé solution beyond
half way of the elastie range. This phenomenon was found by
Professor Thomson (6) for steel, but with less deviation. In elasto-
plastie region, the results were more and more deviated. The reason
will be discussed later in the discussion.

The bore tensile stress can be read off from fig/J.

* Robert Russel, op. eit. p. 520
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Aluminium on aluminium, as turned surface, 1 inch nominal

dismeter as machined surface cordition, d = %
D

Auminiun surfaces were softer and caﬁ easily be machined with
lower surface roughness. The measurement could be made more
accurately and the out-of roundness effect was smaller, 4s a
reason, the test points were nol much scstbered. The assembly and
disassembly method were the same as for Series 1. Because of the
soft surfnce, the novement of the separabing specimens were sliding
rather than slipping. The test curves are shown in fig 15 and fig 16
for elastic and elasto-plastic grip respectively. The axial load
per unit area curve was mueh similar o that of Series 1 in elastie
range, but continued with constant maximum load in elasto-plastie

range.
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SERIES 3
MILD STEEL ON MILD STEEL

As turned, chemically dry surface, $ inch nominal diameter,
d o 1  fhe shaft and hub were soaked with carbon tetra chloride
?ur 5 mﬁnutes. Phe hub was then hested and the shaft was slipped in.
The specizens were left in open air for 2 Jdays.

The surface of mild steel was hard and tough. The surf -ces
were badly damaged for both elastic anl elasto=plastic grip test.
In elasto-plastic grip test, the surfaces wereso damaged that the
separating force increzsed rapidly and tends to incresse without dropping
as in fig 20 + The separating force per unit contact area curve
were in good agreement with theory within elastic ranre. The test
results obtained were similar o that of Prof. Thomson (6). The
test points at small interferences were rather scattered mainly
because of the out-of-straighness and out=of-roundness effect which

became dominent at smzll interferences. The curve i1s shown in

fig [T »



i
5 g

y I"I X ::'. 1I-F'--. . .::Iq .elt' E* fﬂ,: ﬂ]ﬁﬁ'_':: ]il', ;: 7’ 'J:':I ‘ .
| o FE{ fti‘: Ly SRR
Ve ""H--‘"% Lt Hy {

| ': :I-:"'.II' ¥ '.':ill 'A ) ‘:!I :

- S .’ -'".-.., ¥

AR RS PR 3
e L i{-'{qlw; ~. 4 ..-::._:I J".':F'j ks e )
e L I ¢ k- L ! " '

3 M e
ity I;i -L {“ I.rl ;-.;:1.’1‘_!..-.







(] by e b . [oeet oe  demses am] B gedo
L S ) e AR 8 P b i
perm " I B # b b ]

E o i A 0 b5 1 i
bedindif i i | i
M S e T b | 1
SRR A AT AR AR & QR E B X RET S
o R | ] i 1
bk v i i ] ]
Frv N T T S - i |
1 Aok LA t H '
35 B A Y A L% |
o 0 o | 7] |
TR T } » |
= Nl TS pme et ot B e - -!'._ - : b=
A T |
roar ! I 1 [
R s PR i |
| = irpca st :
1] o | |
T i . bw |
ey o]
g
~J

b
L

< b
- H Sy ) | > = P
—— " i
. E s e R S T e
. ¥ s 55 5 i
! 1t . i
4
i
1
|

!J EL-: ' = i '
S |
i ey = | {0 I
: | Fi&. /9
| = SERIES 3 _ M!LD}S)TEEL
% TR | Q f
s e e - > ZZ..// 2e
Pﬁ- shalt olmemszionr | dis :
a6 " meazuved at Plrf-mﬂl't u‘
.] i» ”"'GLI'S
.I.. an }”‘L : f ws.r\rlilﬂﬂ mﬂl

Snaq;

Y
Nt
F=5+za““’4. = a.noroi'

5 h
i
=3 ¥ A ) |
Se=n T, 1= =
SRSES B R Lo
----- B ﬁilJ'r”:;p ;
e B B e - u!::'.:||:1._._r- ;i;-l!:li'__i_'_ sl S Ve
T S R En i 4
St PEin il et ;'il.rhj IJ“-!‘H“ il i
S s

Soelo
, Foa10

i { M

. i

N [ - S
i i

| L] N

|

|

.yotén
-yt

Jeldoe
Lolse

ook
_}"p”'.i'

lawey awd

.5 oe9p
S0 9E

- 196G FSII.

.

|

|

1 |
|
1
|

i

|

- pr-ol ¥
Py s [
] . I

T LR r -



."n.__ alS¥ 2 mﬂ .__a,...s.x:.- Thiso" = Hauﬂh. =4

iLee § To1os « .
Fhnao x . Lyoen s - fhm.m.i#i."wu gy
frrof” Lhloy = S%iof: LzioS:
eg10l " Lhigf AT B 11104

na

§
5 tesisvanyp gleusg

UUYIINYIA Y

PR C G il

! 1
250 TR Yt Sty
. B .n.l.
PR
LS VS PR
ol S Tl
I
kit _ERVE Ts
! )
: e

5 —

‘O‘W'la\‘l[ﬂ’i‘

Q

CHuLALONGKORN UNIVERSIFY;

—————— e -

T ——— e L

i . s 5 AR
- g sem s rroa - ! . ! ] & ”_ |




SERIES 4

Cast iron on cast iren, as turned, chemically dry surface,
7 inch noninal diameter, 0.96 inch external diameter of hub.
W Because of the lLrittleness property, cast iron could be machined
with less out-of straightness and out-of-roundness effect. The
surfaee roushncss could not be measured becausc of the porous surfaces.
The specimens were dried the same way as in Series 3.

The results were in good agreement with theory. Unfortunately,
the interferences could not be made more than 0.002 in./in. diameter
because the grip strength was more than tensile strength of shaft
and the shafts fsailed by tension near the shrinked portion.

According to the sreat asount of graphite grains in east ironm,
the cowelficient of friction after first slip reduced considerably
and the specimens slided after the first slip, Investigation of
hub bore after test revealed a very smooth surface of hub bore

caused by compre:zsed graphite dust.
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SERIES

Brass on brass, with polished shaft, 3 inch nominal dismeter, & =

The shaft surface was sand pepered longitudinally by No. 320 .
silicon peper until no scratches ean be seen by naked eye. It was then
brasso polished with clean cloth. The hub could not be polished because
of the limiting measurement eondition of the engincering microscope.

This series was conducted to see the difference in results eaused
by surface finish as compared with Series 1. The results shows a
marked decrease in meximim efficiency at elastic range and a small
increase in co-efficient of friction. The e’ficiency In elasto=plastie
range increases instead of £alling down as in Serles l. Investigation
of the surfaces of specinens after test reveals line surface contacts
pather than srea contact. This out=-of=-roundness effect was caused by
the sand=papering process. The effect of the polished surface over
as turned surface was a decrease in efficlency at elsstic range and

inecrease =zt elasto-plastie range.
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SERIES 6

Brass on brass, with greased surfaces, % inch nominal diameter,

- 1, s turned surface.
2

d
D

The shaft w23 pastered with grease before slipping into the
expanded uub*. The results were much scattered because of the
unequal amount of pre-se film locked between the mating surfaces.
Graphs on {ig 72 and fig 29 shows that the specimens slides easily
after first slip and rrease film can be sensed on surfaces after
test.

The results of this geries were in good agreement with theory
within elastic limit. The effect over Beries 1 are to decrease
ef ficiency for both elastic and elasto=plastic raige and a

eonsiderable decrease in co-efficient of fricticm. The test

curve was similar to that of series 1.

* Ref. 7 p. 799
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SERIES 7

AMuninium on brass, 4 inch nom'nal diameter, d -% , as
turned surfaces. 4

The grip strength of this test was higher than Series 2
beczuse of the hardness effect. Since the hardness of aluminium
is smaller, its surface will contract firmly into brass surface.
When separating force was applied, the ridges of the brass surface
will tear off the aluminium surfsce, thus, the efficiency would not
depend only on co-efficient of friction and pressure, but on direct
shear strength of aluwsinium surface. This effect increases with
increasing interferences.  The curve then have much deviation from
that of Series 2 although, theoretically, it should be nearly the

szme. The co=efficient of friction decreases.
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SERIES 8

Brass on brass, with constant torque of 88.3 1b-in. % inch

nominal diameter, 4 = i , as turned surface.
D

By applying a constant torque of 88.3 lbein. in accordance with
the axial separation, it was found that the grip strength decreased
considerably over Series l. in elastic range and nearly constant at
elasto-plastic range. The slip happened with both axially and
circunferential movements,  This gaused the surface to be rubbed
with each other and decrease the co-elficient of friction and so the
decrease in grip strength. At @ short distance of separation,
the grip strength decreased so that the grip faﬂ.‘l.i_:f:l only by torsion as
can be mnfrmgraphinﬁga:.?mdﬁgaé . After the removal of

torque, the members eatch azain and continued sliding.
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