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INTRODUCTION

The square key is probably the most common type of
key used for fastening hubs to shafts. 1t is a common practice
to keep the width of the key oqual to one quarter of the shaft
diameter. A question arises sbout the valldity of this propor-
tioning of the key with respect to shaft size?

It was therefore undertaken to test square Keys of five
dttterent vidths - 2 B, 2, 2 ana 2 vut of equal theoretical
ghear strength and to determine the influence of key size on its
strength, Shaft diameter, D, was maintained constant for these
tests and the keys were 4 tight fit in the keyway of the shaft ss

well as the hub,

Another important aspect, which has been considered, is
the evaluation of the effect of clearance between key and keyway.
For example, in case of the feather keys, which are a tight fit
in the shaft keyway and & running fit in the hud keyway, the
extent of clearance between key and hub keyway mey have signifi-

cant effect on the torque transmitting capacity of the key.

1t was therefore adopted to investigate the influence
of clearance between key and hub keyway on the strength of the

key. For this purpose three conditions of clearance - 0,000 in,,



0,003 in. and 0,006 in. between key and hub keyway, were chosen
and the investigation was carried out with the optimum size of
key, determined ss & result of the first part of the investigation.,

The investigation was extended to cover the effect of
shaft size on the strength of key. To achieve this object four
different shaft sizes were selected and tests vere conducted with

the optimum sigze of key and with the above mentioned three condi-

tions of clearance.



SUMMARY

To p;;ceed with the design of the test set-up, it was
considered desirable to establish the torsional yleld strength
of mild steel which was to be subsequently used for the fabrica
tion of the designed parts: Three standard test specimen, made
out of the same lot of rolled stock as was used later for the
fabrication of test parts, were tested on the torsion testing
machine. Torque-twist curves were plotted and an average value
of yield strength of the materfal was detemmined. A suitable test
fixture wes then designed so that the test parts could be subjecte
ef to s known torque, between the grips of the torsion testing

machine.

Consistont with the shape of the grips of the machine,
it was found that a meximum of 1 in. diameter shaft could be test-
ed on the machine. The other three shaft sizes were then decided
t6 be % iny, % in. end g in. ALl the teat shafts were made in
lengths equal to four times the diameter,

The test key lengths were chosen such that their shear
strength wag half that of the shafts. This adoptation was called
for from consideration of the maximum size of test shaft and alsc

the maximum emount of torque which could be applied to the test

[ ]



fixture, without causing 1ts materisl to yleld.

All test shafts and keys vere manufactured out of the
seme lot of rolled stock. The section chosen had a diameter of
1% in., from which the maximum shaft size of 1 in. could be

mechined out. The manufacturing process was kept the same thro-

ughout.

The hubs were made in the form of discs of different
thicknesses, dopending upon the length of the keys tested. Cast
iron was chosen as the material for the hubs because of the case
with which different hub lengths could be obtained and also
because of its high strength in compression, as compared to mild'

steel.

In o rder to determine the accurate value of torque to
which the test parts were subjected, the machine scale was calibe
rated. This was achieved by applying a known torque to the
machine and noting the corresponding reading on the machine scale,
A torsion beam, which could be fixed in the rigld grip of the.
machine, was spéeially fabrieaéad for this purpose. 4 calibra- .
tion curve wvas then plotted from a set of observations and thus
the true value of torque could be found for any observation on
the machine scale. This procedure was repeated before each set

of tests, performed on any day.

To obtain a more accurate torque-twist curve, the obser-
vations were taken at a closer interval of twist than provided

for by the markings on the machine. For this purpose additional



graduations vere marked on the machine. To ensure reproducibi-
1ity of the data, each test was replicated with three similar

test parts and the results were rationalized.

The analysis of the test results enabled the following

ecnclusions to be drawni-

The optimum size of square key is for width equal to
one quarter of the shaft diameter. The strength of the key 1s
not deéreased on account of clearance in hub keyway upto & magni-
tude of 0.006 in. There 1s, however, & decrease of strength as
the clearance is increased from 0.003 in. to 0.006 in. The key
atrength increases with the reduction in shaft size, 1rreépective

of the clearance in hub keyway.
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CHAPTER « 1

o DESIGN_ PROCEDURE

1+1 THEORETICAL ASPECTS¢

The forces acting on a square key, which is tight fit
in the keyway of the shaft as well as the hub, are shown in
PI1G. 1.1, |

~ Since the line of aetion of the resultant forces F on
the key ean not be exactly determined, en assumption is made that

they act at the surface of the shaft.(l)

P

The compressive force F, due to transmitted torque, which acts on

L

The transmitted torque, T

the surfaces a b and d e calls for a resisting ceuple acting on
the surfaces ¢ d and a f» This resisting couple is indlcated in
FIG. 1.1 by equal and opposite forees F',

The strength of the key, based on shearing of the longle

tudinal erossssection, is given by -

T 5?0%’-\#03.853%

And the strength of the key, based on crushing of the
gides, 18 given by =~



T :anzgohoaexg

For the two strengths to bYe equal,

1006 WOLOS‘Cg =gbnosc.%

or W.ZS':H.SQ

v

It can, therefore, be seen that 1f the key 1s made of Mild Steel
for which 8, = 2 Sg approximately, ¥ = H for equal strength
of the key in shearing as well as orushing. Thus & square key

is the most appropriate shape from consideration of strength.

For the key to be made out of the same material as that
of the shaft, the length of the key required to transmit the
full torque capacity of the shaft is determined by equating the
shear strength of the key to the torsional shear strength of the
shaft. |

Hence, W oL 8540 = %.Ds.s.xo.?a

The factor 0.75, recommended by the code for Transge

mission Shafting, U.S.Aasz) has been introduced on the R.H.5. of

the equatlion in order to take into account the weaikening effect

of the keyway in the shaft.
If the width of the key is taken as equal to g_,

L = g.ﬂx.o.'zs

= 185D
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However, while proportioning the test parts, key length
was kept as half of this theoretical value, in case of keys with
width equal to %. This was done iﬁ'order to keep the shear
strongth of the keys as half that of the shafts. This édoptation
was called for from consideration of the maximum size of the
shaft which could be tested in the test-fixture fabricated for
the purpoée. The torsion end-pleces of the test-fixture could
have a maximum sheft diaemeter of 1 in., which was also kept as the

meximum size of the ahaftsvtc be tested.

In case of the keys which had the sides of the square
¢ross-section of:seme other proportion than % y the length of
any pesrticular key wae determined by keeping the shear area same

in both the cases.
1.2 TORSIONAL YIELD STRENGTH OF MATERIAL:

To proceed with the design, 1t was considered desirable
to establish the torsional yield strength of the mild stsel
which was to be subsequently used for febrication of the test

parts.

Three standard specimen of the mild steel were tested on
the torsion testing machine and the results were plotted on graph
paper. It was found from the torque-twist curves that ylelding

of the specimen occured at an average torque of 2468 1lb. « in,

The yleld point stress, 5, ® 35‘...‘._3%
" . 4

Hence, for the specimen dlameter of %% in.,



10

g, = 16X.2458 5 4.4,
y T x 0.64

23’200 ' paS‘i‘ '

1.3 TORSION END PIECES AND BOLTS3

The maximum sigze of the shaft between the grip end and
the flange could be 1 in., from considerstion of the shape of
the grips of the torsion teéting machine. This porticn of the
torsion end pleces was never allowed to yleld during the course

of experimentation.

The maximum loading of the end pieces would cccur while

testing the largest size of shafts, i.e. of 1 in. dlameter.

Torque réquired te yield the keys, while testing 1 in,
Wl . 23,200 x g
D, 0.50 p . 23,200 x 2

L1

dlameter shafts

"

4

0:69_x 23,000 . p3
; . D

1712.5 1be-in.

"

"

In order to obtain a torque~twist plot beyond the yleld
point, let the maximum amount of torque that might be applied to
the test fixture be taken as 2,250 1b.~in.

Considering the maximum sigze of teste-shaft, l.e. of 1 in.
diameter, the number of bolts for fastening the torsion end plece
flange were adopted to be 3. This choice i1s in agreement with
the recommendation made by Maleev & Hartman,(s) The bolt circle
diameter was established from the layout drawing as 2% in.



i1

. For shearing of the bolts,

T a2 . 23
2'250 ¢ 3z -4- dl » 9 a"!: —g‘ z%

Taking S,q 6,000 p.sels for mild steel

0.333 in., say 2 in.

4 &

The flange thickness was Kept equal to the diameter of the bolts,
.00 g in.

Considering bearing pressure on the flange or crushing at the

bolts,

[

. 28
8

. 2

2,250 = 3 x a; ¢ £ o Bpg x

o= O

or Spa = 3,720 p.s.l., which 1s gquite safe for mild

steel.
Also considering 6hear1ng'of the flange at 1 in, dliameter,

2,260 = T . 1.8 58g%%

or Sgg = 3,820 peselsy which ig again quite safe for
mild steel.

The outside diameter of the flange vas decided from the
layout draving as 3% in.

Spigot and sccket centring was provided for proper
alignment of the bolted hubs to the end piece flanges. Also, in
order that each bolt carried an equal share of load, the bolt



shanks were machined accurately and the holes in the flanges
vere reamed. The bolt lengths weretdecided from consideration
of the lengths of the different hub; which had to be fastened to
the end piece flanges, and were determined from leyocut sketches.
Two sets of bolts were required - one for 1 in. dismeter shaft
assenbly and the other for tha'remaining three shaft size assemb-
1lies.

The shop drawings of the torsion end pleces and the two

sets of bolts ~- B-l, A-2 and A-27, may be seen in APPENDIX -~ C,
1.4 SHAFTS AND HUBS:

The length of each test-shaft was kept four times its
diameter. This praportiéh gave euffieient gpace to accommodate
the nuts on the bolts, which were used to fasten the hubs to the
torsion end pleces. Four different shaft siges of 1 in., % in.,

% in. and g-ino were chosen for the purpose of testing.

The shape of the hubs was & departure from the econven~
tional one. Dises of thicknesses equal to the length of the
different keys ané of ogtgiﬂe dlameter equal to that of the
torsion gnd piece flanges, served the purpose of hubs. Each hub
was provided with a mating socket for receiving the spigot on
the torsion end pilece and three reamed holes, symmetrically
placed on the pitch circle diamoter, were provided for the purpose

of bolting.

Each test shaft was festened at its ends to two
different hubs with the help of keys. At one eud the test key

o -



was placed, while at the other a taper key of shear strength

equal to that of the shaft wos placed. The teper key was also of
square oross-section with sides equAl to»%» and was provided with
a gib head. One such key and one corresponding hudb were required

for the entire set ﬁp of one shaft slzge.

The shop drawings of the test shafts, hubs and keys have
been placed in APPENDIX « C, and bear numbers from A~3 to 4-26.



CHAPTER = 11
FABRICATION OF TEST PARTS

2.1 CHOICE OF MATERIAL:

All the shafts and keys used for the purpose of tests
wore manufactured out of the same lot of rolled stock. 1§ in.
round section was chosen, from which the meximun shaft size of

1 {n, could be machined out.

The hubs were made of gray close~grained Cast Ircn.
This choice was made becsuse of the ease with which the material
could be cast into the desired shape, machinebility and high
strength in compression, the latter bveing approximately twice that
of Kild Stﬂﬁlo(g)

8+2 PABRICATION METHODSt

The keyways on the shafts were cut on the milling machine
vith &8 side.milling cutter. The keyways in the hubs werc made
by hand-filing, since they could not be produced to the desired
accuracy by any machine in the workshop. The keys were also
finished by hand-filing owing to the difficulty in sccurately
machining, the relatively small size keys, with the machines

4



available in the werkshop.

The alignment of the bolt holes in the torsion end pieces
and the hubs vas enabled by a hblasreaming Jig, which was specislly
febricated for the purpose. The shop dreuving of the jig — A-1,
is placo@ in APPENDIX‘Q C.- The jig could be séreued\on to the
face of the torsion end piece flange or the hub dise while reaming
the holes. 1t also served as a quick meens for marking centros

of the holes.

The sllowances and the toleraneces, provided in dimension-
ing the shafts and the mating holes in the hubs, were dotermined
- for the condition of "medium fit".(s)

The taper provided on the gib head keys was 1 in 100,
2.3 SHOP DRAWINGS USED IN FABRICATION:

The shop drawings of the bolt hole reaming Jig, test
fixtures and test parts are placed in APPENDIX - € and bear numbers
A-1 thru A-27 & B-1, |



CHAPTER - 111
CALIBRATION OF THE MACHINE

3.1 DESIGN OF CALIBRATION SET-UP:

In order to determine the actual value of torque applied
to the test parts, it was considered desirable to calibrate the

nachine scale observations,

The maximum expected value of yield torque was 1712.8
l1b.~in., as caleulated earlier for tests with 1 in. diameter
shaefts. A set-up vhich would enable calibvration of the &aahine
scale readings upto 2,000 lbs=in. would dbe sufficient, |

The known torque was applied to the machine by means of
a torsion beam vhich was equally loeded in opposite directions at
tho ends. The torsion beem had a torsion piece welded at its
contro, which was of the game shape as that of the grip end of a
standard testespecimen of the mﬁehine. The beam could thus bde
held in the rigld grip of the machine. Loading of the beam
equally, but in opposito directions, wos enabled by putting the
load vertically downwords at one ond and pulling the other end

vertically upvards with an oqual force. This was achieved by

providing tvo londing loops near the onds of the. torsion beem. A%

16
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one end a loading pan was suspended from the loop and known
veights could be pleced on the pan. At the other end the load-
ing loop was attached to cne end of a wire rope which was passed
round a pulley, held on angle iron frame, and a loading pan was
atteched to its other end. During the course of loading of the
torsion beam, known weights of equal magnitude could bte placed on

the two pans.

It was decided to have the distance between the two points
of loading as 40 in., such that a maximum weight of 50 1b. was
required at each end to provide the maximum torgue of 2,000 1b.-in.
A 1% in. x % in. thick section was selected for the torsicn dbeam.
The section was checked for bending due to leading as well as for
shearing at the %% in, dlemeter, which was the effective diemeter

of the torsion plece welded at the centre of the beam.

For bending of the beanm,

or 1000

|
{72
[ 4
-

or 8¢ 5340 pese.d., which is guite safe for mild

steel.

For shearing at %% in. dlameter,

i3

2000 = T, 38,3, By x g v 3%

16 = 2

or Sg = 3860 p.s.l., which is again quit? safe.



I
s ] N ' J :'
05510 o
(l Sivilvichvegl) 28 :

CALIBRATION SET UP IN POSITION ON THE MaCHINE
FIG. 3.1
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Shop drawings A-28 thru 4-30 & B-2, placed in APPENDIX-
C, illustrate the details and assembly of the torsion beam. In
FIG. 3.1 a general view of the calibration set-up hag been shown
in poeition on the machine. The angle iron frame, supporting
the C,I., pulley of an effective diameter 1% in., vas 46 in, high
above the floor and had a space of 14 in. between the vertiocal
members. The frame had supporting legs near the base to maintain
it in the vertical position., The freme was of welded construct-

icn, from y% in. x l% ine x %1n. thick angle section.

3+2 CALIBRATION PROCEDURE:

The machine was ealibrated before each set of experiments,
on any day. The microscope mounted on the machine vas adjusted
to resd zero on the scale attached to the free end of the lever
arm, when the lever arm was set horlzontal with the help of a
spirit level. The torsion plece, which formed an integral part
of the torsion beam, was then inserted in the rigid grip of the
machine and loading pans were put in pogltion at the two ends.
The machine scale was made to read zero and the balance weight on
the lever arm was adjusted till zero was observed in the centre
of the field of view. The set-up was now ready for physical
loading and in the process of zero setting of the machine, any
effect due to difference of weights of the loading pans wvas
cancelled out. Known weights of equal magnitude were put on both
the pans simultaneously and the slide block with vernier graduat-
ions was moved along the arm by handvheel control. This was done

i1l 'zero' was spotted out in the centre of field of view of the
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microscope. The machine ascale reading at this instant was noted.
4 series of such observations were taken in order to c¢alibrate

the machine in the desired range.

A sample of observations taken for the purpose of calib-

ration are shown in TABLE 3.1,

TABLE = 3.1
Sample‘observations for e¢alibration of the machine
Loading st the ends Machine scale reading | Known value
of the torsion beanm of torque of torgue
1b. 1b.~in. lbs=in.
1 44 | 40
2 | 81 80
5 192 200
10 362 400
15 862 600
20 - 747 800
26 | 930 1000
30 | 1150 - 1200
36 1330 1400
40 1606 1600
45 1696 1800
50 1886 2000

The observations were plotted on graph paper and the
calibration curve obtained is illustrated in FIG. 3.2, From this
curve the true value of torque can be found for any machine scale

observation, within the range of calidbration.
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TESTING

4.1 THE MACHINE AND ITS ADJUSTMENT:

The teéts vere perfortied on the torsion testing machine
installed in the Materisl Teating Laboratory of the University
of Roorkee. @ha machine had & capacity of 10,000 lb.-in. and
could handle test speoimen upto 1 in. dismeter and 12 in. long.
The makers of the machine were W. & 74 Avery Ltd., Birminghanm.

The machine was of lever-arm type construction, At the
free end, the arm carrled a graduated scale, the markings of
vhich vere observed through a microscopes Zero setting was
achieved by means of a balance weight, vhich could adjust the
bean in horizontal position. While taking observation of the
value of torque, to which the test parts vere subjected, & slide
block with vernier graduations eoculd be moved across the length
of the arm through manually operated geared system., The vernier
arrengement ensbled the observations to be taken upto an accuracy

of 1 lbs~in,
The twist was applied to the test specimen by holding it

22
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at the two ends in the grips of the machine. One of the grips
was held rigidly while the other was given rotation by providing
motion to & worm wheel through rotation of a worm, whose spindle
~carrled a hand wheel One guarter rotation of the hand wheel corr.
esponded to 1 degree of twist of the test specimen. To obtain a
larger number of points for the plot of the Torque-Twist Curve, it
was decided to take observations at an iInterval of 0,26 degree

and for this purpose additional markings were done on the machine.

Each time a test was conducted, the lever arm of the
machine was made perfectly horizontal with the help of a spirit
level. The microscope was then adjusted such that 'zero! on the
graduated scale was located in the centre of the field of view.
The spirit level was then removed and the torque scale was set at
zero by sliding the vernier block. The balance welight was then
adjusted such that 'zero' was again obtained in the centre of the
field of view through the microscope., This éorrésponded to the.

zero setting of the torque measurement.
4,2 METHOD OF TESTING:

The test set up for any particular shaft size consisted
of -~ the shaft} the test key & the corresponding hub; tﬁe taper
key & the corresponding hubj and the torsion end pileces & a set
of six bolts, suitable for the aséembly. The set up was assemb- |
led together and put between the grips of the machine for the

purpcse of testing.

FI1G. 4.1 shous the test assembly for a 1 in. diameter



shaft with a test key ofg lize‘ A sectional view of the
assembly is illustrated in shop drawing C-l1, placed in APPENDIX-

C. FIG, 4.2 shows the senme nssemblf in position on the machine.

Bach test was replicated with three similar test perts

and the results were rationalized.



 TEST ASSEMBLY FOR 1 in. DIAMETER SHAFT
WITH 4 TEST KEY OF g SIZE

FIG. 4.1
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CHAPTER =~ V

JEST RESULTS AND THEIR ANALYSIS

5.1 THE DATA FROM THE TESTS:

The data obtained during different tests has been presen-
ted in the TABLE I thru XV1, placed in APPENDIX ~ A, The tables
also contain the callibrated values of torque corresponding to

each observation,

The calibrated values of torque in ld.~in. have been
plotted againat twist in degrees, as shown in FIG, I thru XVI
placed in APPENDIX - B, The yield point of 2 sépecimen has been
marked with a smell circle on these curves. The magnitudes of
yield torque were noted for the three spécimena, for which each
test vas conducted, and the results were rationalized. The net
~results obtalned in thls manner have beeh presented in the follow-

ing snalysis.
6.2 EFFECT OF KEY SIZE ON THE STRENGTH:

The shaft diameter was meintained constant during the
teats, its size being 1 in. Also, the keye vere a tight fit in

the keyways of the shaft as well ae the hub. TABLE 5.1 shows the
values of yield torque found for different sigzes of the key and

the corresponding plot has been shown in FIG. 5.1,

27
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ABLE = 6.1

Values of yleld torque for different
sizes of the key

KEY SIZE YIELD TORQUE
lb.-in.
2] 1458
6
D 1430
[
D 1616
3
% 1203
D 1340
2

The optimum key size, i.e., the prdportian which gives
the highest strength for a given shaft size, is observed to be % 5
This tallies with the practice provalent in the industry.

5.3 EFFECT OF SHAFT SIZE AND HUB KEYWAY CLEARANCE ON THE STRENGTH:

The tests were conducted for the optimum sigze of key and
vith four different shaft sizes of 1 ine, % in., %— in, andg in.
Three conditions of clearance « 0,000 in., 0.003 in. and 0.006 in.,

ware evaluated in each shaft sigze.

The theoretical value of yield torque, T,,, for a test
key which is tight fit in the keyways and corresponds to a shaft
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sige D, is given by ~

Lo W, 8y x 2

¢
]

0.59 D x § x 23,200 x g 1b.-1n.

1712.6 02 1b.-in.

The values of Ty have been worked out for the four diff-

erent sizes of shafts and are given in TABLE - 5.2

- 5,8

Caleulated values of yield torque for test keys

SHAF? SI1ZE CALCULATED YIELD TORQUE

in. lb. - 4n,
i 1712,5
.’Bl 1147

2 721.8
g 417.6

The values of yield torgque, determined experimentally,
for test keys corresponding to different shaft sizes and with
different conditions of clearance in hub keyway, are shown in

TABLE - 8.3,
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TABLE = 5.3
Observed values of yield torque for test keys
SHAPT S1ZE YIELD TORQUE FOR VARIOUS CLEARANCES

in. : S : .
NIL 0.003 in. 0.006 in,

1l 1616 1630 1623

% 1083 1093 1088

g- 725 753 743

g 425 450 445

FIG. 5.2y 5.3, 5.4, display the variation of yield
torque for different shaft sizes and for the three-canditioné
of elearance. In each figure the caloulated values of yield

torque have alsc been plotted for the purpose of reference.

It will be observed that the experimental values of
the yield torque are lower than the calculated values in case of
shafts with 1 in, and % in. dlemeter and pigher than the
calculated values in case ot'snattg vith % in., and g in,

¢1ameter.
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The percent increase or decrease of the experimental

values of yield torque from the calculated values is shown in

TABLE - 5040

TABLE - 5.4

Percent variation of the experimental value of
yield torque from calculated value.

SHAF? SIZE | PERCENT INCREASR (+) OR DECREASE ( - ) OF
in, YIELD TORQUE FOR VARIOUS CLEARANCES
NIL 0,003 in. 0.006 in.
£ - 5.8% -8 - 5.5%
% +. Onﬁ + 40% -!—ﬁ
g + L. _ + 768% +6.5%

FIG. 5.6 displays the percent variation of experimental
values of yield torque from calculated values, for different

shaft siges and for the three conditions of clearance.

It will be obeerved that the experimental values happen
to be nearer the calculated values for e shaft size of 1%% in.,
which was the diameter of the specimens tested on the torsion
testing machine for estimation of the yleld strength of material.
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One more approach, for the comparison of key strength,
can be based on the percent veriation of the strength from con-
dition of no clearance to & specific¢ clearance in hub keyway. The
figures obtained in case of different shaft sizes are shown in

TABLE 6.5,

Percent increase of key strength with clear-
ance, for different shaft sizes,

PERCENT INCREASE oé KEY ém:mm FROM
szmgnfm TIGHT FIT TC SPECIFIC CLEARANCE
0,003 in, 0,006 in.,
1 0.87% 0.43% )
% 0,925 0.468
% 3.80% - 2.50%
2 6.00% 4.80%

FIG., B.6 shows the percent increase of key strength
with clearance in hub keyway, tbf the two values of clearance
&nd the four shaft sizes. The percent increase of strength
decreases as the clearance is increased from 0,003 in. to
0.006 in, However, the percent increase of strength is more for

the smaller sizes of shatts.
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CHAPTER - VI

CONCLUSION
AR IR

6.1 INFORMATION DERIVED FROM THE INVESTIGATION:

A review of the detailed analysis of test results brings

forvard the following main points:e

1. The optimum size of square Key 1s for width equal to
one quarter of the shaft dismeter. This tallies well with the
practice prevalent in the industry,.

24 Contrary to the expectations, strength of key is not
decreased on scecount of clearance in the hub keyway, upto &

magnitude of 0,006 in.

3. The key strength, however, decreases if the hub keyway

clearance is incressed from C.003 in. to 0.006 in.

4. The key strength increases with the reduction in shaft

size, irrespective of the clearance in the hub keyway.

S The percent increase of key strength due to & elearance
in hub keyway is more for the lower sizes of shafts.

6.2 POSSIBLE EXPLANATION:

The slight improvement in the strength of the key due

39
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to a clearance in the hub keyway may be due to the absence of
compressive stresses in the cross-gection of the key, which
develop in the key, as has been suggested by Black(s), if it is
a tight fit in the keyways. The compressive stéasses, set up in
the cross-section of the key due to cold-working during a tight
fit asaembly;.happen to be in the same direoction as those due to
trangnitted torgue and hence tené to yleld the key at a smaller
torque than expected. The latter belief has also been advanced
by Seely & Smith, while discussing the effect of residusl

streﬂsea.(7)

The decrease in key strength due to increase of clearance
beyond 0,003 in, may be accounted for due to failurg of the key
hyepredominant effect of crushing of the material. It has been
suggeated by Vallance & ﬁogghtie‘s) that for a Rey which 1s fitted
on all the fbur sides, the permlssible erushing stress for the
usual key materials is at least twice the permissible stress in
shear. But when the key 1s'na§ fitted on all the feur sides, the
permissible e¢rushing etress is sbout 1.7 times tﬂe permissible
shear stress, and the key must be checked for crushing, The
reaﬁlta of the investigation agree wall with the opinion express-

ed by Vallance & Doughtie.
6+3 SCCPE FOR FURTHER WORK:

The aspects of the problem of key strength 1n§estigated
for the purpose of this dissertation form only & modest part;

though essential, of a more complete picture.
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The investigation cen be carried further with more
conditions of clearance in hub keyway and with other shapes of

keys, e.ge, rectangular and circular eross-sections.

1t may also provide an interesting study to establish
the yield strength of the material from a specimen of the same
dismeter as the test shaft and to compare the calculated and obser-

ved values of the Key strength.
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TABLE 1.

SHAFT SIZE - 1 in.

KEY SIZE - %

CLEARANCE - NIL -

© TORGUE ( Ib. - dn. )
Tuist | | | ] '
(degrees) I SPECIMEN 4 11 SPECIMER 111 SPECIMEN
Observed Calibrated| Observed Calibrated |Observed Calibrated
0.26 5 5 '3 < TN S D |
0.50 a7 37 6 6 33 33
0.75 69 68 | 22 22 73 73
1,00 8 48 52 52 | 104 104
1.26 o1 0 46 46 147 166
1,50 136 145 - 32 32 207 220
1.75 180 206 | 72 72 279 295
2,00 | 268 285 111 118 363 385
2.25 352 375 70 70 446 475
2,50 | 451 480 70 70 541 586
2,75 563 588 70 70 644 690
3.00 | 688 704 131 140 750 804
Contd,




3 TORQUE ( 1b. = in, )

WIST | L |

(degrees) 1 SPECIMEN 11 SPECIMEN | 1I1I SPECIMEN

Observed Cali’ofated Gbseévad Calibrated | Observed Calibrated

3,25 | 747 800 182 195 850 910
3,50 | 825 885 257 275 963 1035
3.75 | 903 965 337 360 1100 1135
4,00 | 998 1070 436 475 1200 1246
4,25 | 1160 1190 ' 531 - 568 1302 1360
4,50 | 1247 1300 . 634 678 1398 1470
4.75 | 1346 1410 746 800 1496 1575
5,00 | 1470 1550 854 916 1602 1696
5,26 | 1580 1670 976 1045 1698 1805
5,50 | 1694 1800 1137 1175 1796 1910
5,76 | 1782 1896 1269 1325 . -
6.00 | 1862 1082 1387 1466 . -
6425 - - 1510 1590 - -
6.50 | = - 1633 1728 - -
6,75 - - 1757 1868 . -




SHAFT SIZE -

REY 51ZE

 CLEARANCE

TABLE 11.

1 in,

. D
5

- NIL

46

TWIST

TORQUE ( 1b, - in. )

11 SPECIMEN

111 SPECIMEN

(dogroes) I SPECIMEN

lObserved Calibrated

Observed Calibrated

Gbaerved-Calibrated

0.26

0,50

0,75
1,00
1.26
1,50
1,76
2,00
2428
2080
2,75
3,00

7 7
3 35
37 37
72 72
111 116
150 166

210 224
279 295
367 390
451 480
553 590
650 695

5 5

3 34
41 41
35 35
39 39
59 59
97 97
140 145

196 205

256 268

319 338

402 426

2 - 2

"23. 23
27 27
20 20
27 27
23 28
77 77
37 a7
43 43
46 46
56 56
130 135

Contd,
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TORQUE ( lbe-in. )
(géﬁea) 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN
¢Observed Calibratod | Observed Calibrated | Observed Calibratod
3,956 | 738 800 491 525 182 190
3,60 | 826 885 586 627 235 248
3.75 | 922 890 670 720 296 313
4,00 | 1046 1086 780 837 360 380
4,25 | 1184 1183 879 945 436 465
4,50 | 1230 1280 982 1056 513 548
4,75 | 1329 1390 | 112 1158 596 638
5,00 | 1418 1400 1213 1268 86l 708
5,25 | 1528 1615 1321 1386 721 773
5,50 | 1628 1724 1416 1480 | 795 853
5,76 | 1746 1855 1506 1690 872 948
6,00 | = . 1600 1663 | 946 1018
6.25 | - - 1669 1800 107 1120
6,50 | = - 1794 1904 1160 1210
8.75 | - - 1868 1983 1256 1315
7,00 | - - - - 1346 1415
7.26 | - - - - 1462 1540
7.50 | - - - - 1557 1645
7.7 | - - - - 1669 1766
8,00 | - - - - 1766 1873
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TABLE 111.

SHAPT SIZE ~ 1 in.
KEY SIZE - g‘

CLEARANCE - NIL

TORQUE ( 1bs = in, )
(d§§§§§e>, I SPECHEN 11 SPECTHEN I11 SPRCIHEN
Observed Calibrated | Observed Calibratoed | Observed Calibrated
025 | ¢ 4 9 9 30 30
0.50 9 9 59 39 27 27
0.75 42 42 - 5 54 23 23
1,00 2 2 - 80 - 80 23 23
1;25 48 48 22 - 22 23 23
1.50 08 o8 3¢ 34 6l 61
1,75 151 158 63 63 S bA 1 115
2,00 | =212 220 104 106 176 186
2.26 | 279 295 141 146 242 253
2,50 361 370 206 215 310 328
2,75 425 465 286 300 378 398
3.00 530 570 367 385 442 468
Contd.




48

TORQUE ( 1b, - in, )
(dogracs) 1 SPECIMEN I1 SPECIMEN | 111 SPECIMEN
Obgorved Calibrated | Obsorved Calibrated | Observod Calibrated

3.05 | 628 674 456 483 518 548
3,60 | 719 774 551 585 580 615
3,76 | 833 895 639 678 | 646 685
4,00 | 937 1010 746 793 712 765
4.25 | 1105 1150 833 890 | 793 840
4,50 | 1213 1268 920 Y - 869 924
4.76 | 1343 1420 994 1055 939 995
5,00 | 1486 1666 | 1156 170 | 1086 1077
5.25 | 1622 1713 1261 1280 1167 1183
5.50 | 1718 1820 1361 1386 1285 1305
5,75 | 1810 1920 1467 1495 1380 1416
6.00 | - . 1682 1618 1510 1540
6.25 | - . 1688 1728 1626 1665
6.50 | - - 1785 1834 1740 1786
6.7 | - . 1856 1905 1853 1900
7,00 | - . 1900 1950 - -
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IABLE IV,

SHAFT SIZE - 1 in.
- REY 8128 - B

CLEARANCE « NIL

TORQUE ( 1b. - in. )
(dg‘;ﬁzs) I SPECIMEN I1 SPECIMEN 111 SPECIMEN
Oboerved Calibratod | Observed Calibrated | Observed Calibrated

0425 8 9 66 66 13 13
0.50 19 19 130 135 28 28
0,75 60 60 184 190 51 51
1.00 |, 98 89 265 280 27 27
1.25 | 142 147 332 350 68 68
1.80 | 207 215 404 425 103 105
1.75 | 282 206 458 485 156 160
2.00 | 362 380 529 562 208 218
2.26 | 480 506 596 632 270 285
2.50 | 603 638 669 710 343 360
2.75 | 923 768 749 795 425 450
3,00 | 834 885 B42 895 498 527

Contd.




TORQUE ( 1b. ~ in, )

(aﬁgiiﬁsy 1 SPECIMEN I1 SPECIMEN 111 SPECIMEN
Obsorved Calibrated | Observed Calibrated | Cbserved Calibratoed
3,25 | 962 1010 940 998 586 620
3.50 | 1106 1118 1082 1005 669 710
3.75 | 1214 1230 1181 1197 744 788
4.00 | 1206 1318 1284 1305 804 855
4,25 | 1368 1395 1364 1390 801 946
4,50 | 1461 1484 1458 1480 986 1048
4,75 | 1549 1582 1564 1508 1122 1135
5.00 | 1620 1668 1683 1725 1208 1225
5,25 | 1701 1746 1797 1845 1313 1335
5,50 | 178¢ 1833 1903 1952 1420 1447
5.7 | 1864 1915 . - 1528 1560
6,00 | 1944 1696 - - 1618 1655
6.25 | - . . - 1722 1765
6.50 | - . . . 1809 1858
675 | - - . . 1902 1956




51

TABE E °

S8HAFT SIZE « 1 in,

KEY SIZE - g

CLEARANCE - NIL

TORGUE ( 1be = ins )
(dog rocs) | SPECIMEN | 10 SPECIMEN | III SPECIMEN
Cboerved Calibrated Ghseréod Calibrated ObseréeGVCalibrated
0425 2 2 2 2 8 8
0,50 8 8 5 5 19 19
0.75 12 12 5 5 25 25
1,00 | 12 12 9 ) 34 3¢
.25 | 31 31 16 16 68 68
1,50 2 2 22 22 100 100
1.7 | 38 39 26 26 144 148
2,00 39 39 59 89 19l 196
2,26 | €0 60 87 87 252 265
2,50 102 102 129 130 320 326
2.75 167 160 176 185 390 412
3.00 | 228 238 228 238 468 485
3426 297 312 273 285 541 575
3.50 | 366 386 340 366 620 656
3.75 446 472 411 433 701 744
Contd.,




TORQUE ( 1be ~ 4n, )
(Gosonos) 1 SPECTHEN 11 SPECIMEN 111 SPECIMEN
Obseorved Calibratod |Observed Calibrated | Obsorved Callbratod

4.00 | 532 565 479 505 772 818
6,28 | 610 647 547 580 864 915
4,50 | 692 733 633 670 849 1005
4,75 | 783 830 710 754 1077 1088
5,00 | 875 830 790 836 1158 1168
5.25 | 960 1020 855 905 1235 1250
5.50 | 1078 1088 953 1010 1320 1343
5.75 | 1166 1168 1078 1088 1394 1419
6,00 | 1247 1264 1156 1170 1452 1480
6.25 | 1332 1365 1223 1240 1528 1561
6,50 | 1424 1450 1316 1337 1605 1640
6,75 | 1512 1542 1360 1415 1670 1710
7,00 | 1586 1682 466 1497 | 1782 1778
7.25 | 1668 1720 1532 1568 | 1799 1846
7.50 | 1746 1790 1601 1637 1860 1910
7.75 | 1818 1860 1674 1715 1919 1970
8.00 | 1836 1885 1730 1774 1931 1085
8.25 | = . 1790 1836 - .

8.50 | - - 1856 1905 . .

8,75 | = - 1808 1960 - .




TABLE VI,

SHAFT S8IZE - 1 in,

RKEY SIzg - £

4

CLEARANCE - 0,008 in,

TORQUE ( 1b. = in. )

(ggéigés) I SPECIMEN 11 SPECIMEN 111 SPECIMEN
" bsorved Calibrated | Obgerved Calibrated | Observod Calibrated

0.25. | 11 1 9 9 3 3
0.50. | 13 13 0 9 3 3
0.75. | 16 16 9 9 10 10
1.00.| 18 18 9 9 23 23
1.25. | 36 36 9 o 3 3
1.50. | 36 36 15 15 32 32
1.75. | 58 63 15 15 36 36
2,00 75 75 5 45 42 42
2.25 . 106 110 45 45 49 49
2,50, | 144 150 66 66 37 37
2.75. | 206 216 89 92 60 60

3,00 | 274 290 110 il4 100 105
3,25 | 356 377, 144 150 141 147

Contd.




TORQUE ( 1b, = in. )
(gﬁéiies; 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN
Observod Caubrated Observed Caiibrated Obgerved Calibraied
3.50 | 433 458 177 185 202 213
3.75 | 523 554 233 245 265 280
4,00 | 610 647 202 308 341 361
4,25 | 712 753 368 390 409 433
4.50 | 785 830 | 428 453 488 515
4,75 | 900 953 496 525 568 602
5,00 | 1000 1060 566 600 668 710
5,25 | 1162 1190 664 702 763 798
5,50 | 1260 1295 739 782 843 802
5.76 | 1364 1409 840 887 935 990
600 | 1461 1510 944 1000 1079 1100
6,25 | 1571 1630 1096 1119 1162 1190
6,50 | 1668 1730 1199 1230 1952 1287
6476 | 1758 1832 1322 1362 1331 1372
7,00 | 1858 1943 1433 1483 1438 1487
7.256 | - . 1576 1635 1520 1585
7.50 | - - 1681 1748 1629 1603
7.7 | - - 1793 1870 1723 1796
8.00 | = . 1865 1950 1842 1890
8.26 | - . 1888 1974 1939 1966




65

SHAFT 81ZE - 1 in.

B
KEY SIZE - 3

CLEARANCE - 0.008 in.
TORQUE ( 1b, = in, )

~(§gé§§en) 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN |

‘ Obsorved Calibratod | Observed Calibrated | Observed Calibrated
0.25 2 2 2 2 15 15
0.50 7 7 | 5 6 28 28
0,75 16 16 22 22 | a7 a7
1,00 35 35 g2 22 37 37
1.26 45 48 30 30 67 67
1,50 53 63 a2 32 o8 98
1.75 69 69 36 36 152 182
2,00 47 47 62 62 200 205
2,26 61 61 97 97 268 278
2,50 81 81 148 145 330 345
2,75 100 100 198 205 397 416
3,00 152 153 262 278 453 478

Contd.
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“TORQUE ( 1bo~in. )

(3‘53305; 1 SPECIMEN 11 SPECINEN | 11T SPECIMEN
Ovserved Calibratod | Observed Callbrated | Observed Callbrated

3.26 | 216 220 336 360 512 - 538
3,60 | 275 285 405 45 | 584 574
3,76 | 343 360 470 496 588 620
4,00 | 410 430 546 876 628 664
4,25 | 491 - 86 | 602 637 705 746
4,50 | 570 800 650 687 796 840
4,75 | 648 685 689 730 | 859 910
5,00 | 728 764 722 763 901 953
5.25 | 808 856 77 820 982 1080
5.60 | 892 042 . | g8 900 | 1110 1150
5.75 | o976 1033 928 983 | 1210 1280
6,00 | 1116 1165 | 1048 1085 1288 1312
6.25 | 1243 1268 1156 1174 1394 1428
6.50 | 1360 1390 1261 1283 1405 1530
6.75 | 479 1605 1350 1378 1600 1642
7.00 | 1582 1622 1460 1493 1690 1737
7.25 | 1680 1737 1564 1603 1760 1812
7.50 | 1779 1830 1667 1710 1844 1000
7.75 | 1827 1882 1768 1820 1027 1987
8.00 | 1894 1950 1863 1920 . -
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TABLE VIiIl.

SHAFT SIZE - g ine
KEY 8128 - %

CLEARANCE - KNIL

TORQUE ( 1b. « in. ‘)

TWIST

(dogrees) 1 SPECIMEN 11 SPECIMEN I11 SPECIMEN
Observed Calibrated Observed'Calibratod Gbserveﬁ Calibrated
0,25 | 10 10 Y 1 6 6
0,60 | 11 1 1 1 24 24
0,75 | 36 36 26 25 38 38
1.00 | €8 75 22 22 92 -~ 101
1.25 | 121 3¢ | 46 51 152 147
1.50 | 171 190 35 36 209 - 227
1,76 | 236 260 41 41 en 298
2,00 | 298 325 83 95 342 375
2,25 382 418 120 134 410 447
2,60 | 449 490 158 175 494 CRE
2,78 563 614 206 225 586 638
3,00 682 745 252 276 677 736
| | Contd.




TORQUB ( 1be = in, )

(ﬁ;ﬁm 1 SPECIMEN 11 SPECIMEN | 1II SPECIMEN
Obsorved Calibratod |Observed Calibratod | Obsorved Calidbratod
3.26. | 778 848 311 340 804 875
3.50 | 884 966 387 423 931 1015
3.75 | 992 1081 464 518 1094 1118
4,00 | 1129 1156 565 605 1197 1228
4.25 | 1229 - 1260 652 710 1289 1325
4.50 | 1317 1362 | 766 835 | 1370 1410
4,76 | 1402 1444 874 955 1452 1496
5,00 | 1465 1610 973 1080 1520 1570
5:25 | 1510 1560 1128 1155 1586 1640
5,560 - 1879 l634 | 1212 1244 1667 1725
5.75 | 163¢ 1600 1301 1336 1726 1788
6,00 | 1716 1778 1365 1415 17064 1860
6.25 | 1787 1854 1430 1474 . -
6,50 | - . 1510 1560 - -
6.76 | - - 1686 1640 . .
7,00 | « . 1651 1707 . .
7,26 | - - 1724 1788 . -
7.80 | - . 1797 1863 - .
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TABLE 1X,

SHAPT 81ZB - # in.
KEY SIZE - 2

CLEARANCE - 0,008 in,

PORQUE ( 1b. - in. )

(dogroo) 1 SPECDEN | 1N SPECIMEN | III SPECIMEN
Bbsarvea Calibratod | Observed Calibrated | Obgserved Calibrated
0.25 5 5 5 5 4 2
0.50 5 8 5 8 4 4
0.75 B 5 5 5 5 5
1,00 5 5 5 5 18 13
1.25 5 5 36 3 | 13 13
1,60 14 14 64 70 28 28
1,75 14 14 112 124 25 26
2,00 | 29 29 173 190 | 38 28
2.25 | 45 50 248 272 24 50
2,50 72 80 338 380 52 57
2,76 | 103 116 452 493 82 90
3,00 | 150 165 562 612 104 115
3.25 | 216 237 660 720 135 148
3,50 | 307 337 753 822 169 184
Contd,




60

TORQUE ( 1bs = in. )

<§‘;’§§§o 5 1 SPECTEN 11 SPECIMEN . I111 SPECIMEN
Obsorved Colibrated | Obsorved Calibrated | Observod Colibratod
3.7 | 411 439 gs2 928, | 211 228
4,00 | 507 664 946 1033 - 258 280
4.25 | 620 676 1052 1075 | 308 333
4,50 | 723 788 1140 1167 376 407
4.76 | 826 900 1233 1265 437 472
5.00 | 907 988 130 120 | 497 53
5,256 | 998 1090 1384 1425 568 612
5,50 | 1133 1180 1466 1510 641 694
5,75 | 1213 1244 1555 1606 720 777
6,00 | 1263 1208 1642 1700 788 850
16,25 | 1343 1382 1715 2777 869 936
6,60 | 1420 1473 1783 1850 951 1026
6,76 | 1808 1657 1862 1025 1070 1108
17,00 | 1579 1633 - - 12¢2 1178
7,256 | 1660 1718 - - 1200 1240
7.50 | 1738 1800 - e 1256 1300
7,75 | - - - - 1310 1356
8,00 | - . . . 1350 1398
8,36 | - . - . 1404 1456
8.50 | - - - - 1448 1502




€l

TABLE X.
SHAFT SIZE -§1m~
KEY SIZE - 2

CLEARANCE - 0,006 in.

TWIST

'IORQUE ( 15. « in, )

0.25
0,50
0.76
1.00
1.286
1.60
1,76
2,00
2425
2,50

2,75 ,

3,00
3.26

3.50
3,76

1
13

46
38
34
34
61
87
128
195
284
382
509

11

33

1

i1

13
33
62
as
34

34
- 68

100

144

215

310

418

556

11 SPECIMEN 111 SPECIMEN
Observed Calibrated Oﬁaewed Calibrated | Observed Calibrated
6 6 3 3
i2 312 3 3
26 26 -3 3
47 53 3 3
68 78 - 16 - 16
- 96 108 16 16
136 - 148 2 a2
190 205 a1 “ae
260 280 ‘41 46
‘346 368 41 - 46
464 484 46 54
598 635 62 70
716 758 75 85
826 878 89 100
929 - 985 106 18
| Contd.




62

TORQUE ( 1b, = in. )

(ﬂéiﬁea) 1 SPECIMEN 11 SPECIMEN 111 SPECTMEN
Oboorvod Calibratod | Observod Calibrated | Obsorved Calibratod
4,00 | @623 680 1083 1085 125 138
4,25 | 742 808 146 162" | ' 1560 163
4.50 | 848 924 1231 1246 174 188
4,75 | 958 1045 1286 1303 208 222
5,00 | 1098 1122 1364 1390 239 255
5.26 | 1174 1204 1432 1464 279 209
5,50 | 1255 1290 1509 1543 326 348
5,75 | 1326 1362 1568 1605 380 406
6,00 | 1408 1448 1652 1699 438 466
6,26 | 1679 1824 | 1721 1775 494 525
6.50 | 1546 1598 1774 1838 545 578
6.75 | 1624 1680 1854 1820 622 660
7,00 | 1696 1767 - . 695 735
7,36 | 1771 1836 - - 768 814
7.60 | 1838 1910 - - 842 892
7.7 | - - - . 932 988
8,00 | - - . - 1000 1080
8,25 | - . . . 1130 1135
8.50 | = - - - 1181 1103
8.7 | - . - - 1242 1258
9,00 | - - - - 1202 1310




SHAFT SIZE -~

IABLE XI.

‘_S" in.

o KEY S12E - %

CLEARANCE =

NIL

TORQUE ( 1b. = in. )

(douross)| 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN
Cbserved Calibratéd Obsaerved Calibrated | Obscrved Cellbrated

0426 3 3 4 4 2 2
0.50 33 33 4 4 3 3
0.75 97 105 4 4 22 22
1.00 151 164 14 14 10 10
1,25 197 212 39 42 30 .30
1,50 247 267 67 74 24 24
1,75 311 336 90 98 61 67
2,00 392 422 116 125 110 120
2,26 469 505 146 158 146 158
2,50 546 590 179 192 168 182
2,75 605 656 219 237 162 207
3,00 677 730 260 290 241 260

Contd.




TORQUE ( 1b. = 1n, )

I SPECIMEN I1 SPECIHEN 111 SPECIMEN
(q;giizs) Obsorved Calibrated | Observed Calihragea Observod Calibrated
3,25 742 800 330 357 . | 290 313
3,50 | 801 865 393 425 | 357 385
3,75 858 926 | 456 492 426 458
4,00 911 980 523 565 498 536
4.25 955 1028 538 635 554 598
4,50 | 1000 1077 660 712 615 665
476 | 1001 1127 714 770 674 728
5.00 1133 1170 766 826 722 780
5,25 | 1184 1225 806 870 774 835
5.50 1226 1268 852 918 830 895
5,75 | 1267 1310 899 968 830 948
6.00 | 1310 1356 948 1022 932 1002
6.25 | 1362 1400 996 1072 980 1056
6.50 | 138 1437 1079 1112 1070 1103
6.75 | 1426 1478 1120 1156 1119 1153
7.00 | 1463 1517 1166 1206 1166 1205




SHAFT SIZE -
KEY SI1ZE -
CLEARANCE =

TABLE X11.

‘i’ in.

B
4

N1L

TORQUE ( 1b. = in. )

(ufgiiis; 1 SPECIMER 11 SPECIMEN 111 SPECIMEN
Observed cﬁlibrated Observed Calibrated | Observed Calibrated
0.25 1 1 2 2 6 6
0.50 4 4 21 21 6 6
0,75 22 22 1 11 6 6
1.00 | 49 85 15 15 10 10
1.25 | . 20 20, 22 22 10 10
1.50 36 36 42 42 41 41
1.75 66 72 74 80 68 76
2,00 113 123 125 135 127 137
2.25 164 180 174 190 182 198
2,50 229 246 231 250 247 266
2,75 | 291 315 282 305 316 340
3.00 357 385 336 365 382 412
Contd.
/




TORQUE ( 1bs = in. )
(ﬁéﬁgm) 1 SPECIMEN 1 SPECINEN 111 SPECIMEN
Obscrved Calibrated | Observed Calibrated | Observed Calibrated
3.26 428 462 388 420 446 480
3,50 491 528 449 485 509 547
3.75 554 598 424 532 573 618
4.00° | 605 652 545 590 628 677
4.26 665 720 597 642 679 732
4,50 718 776 641 692 733 790
4,75 770 830 683 738 783 845
5,00 | 809 873 724 780 822 888
' e 53
6.25 | 855 923 | Ut ee=——T—¥76 945
5.50 | 892 960 815 880 925 998
5.75 942 1018 857 925 976 1052
6.00 | 984 1082 900 970 1033 1098
6,256 | 1054 1088 846 1020 1095 1130
6,50 | 1101 1136 988 1063 1135 1170
6,75 | 1146 1182 1071 1105 1192 1230
7.00 | 1179 1217 1102 1136 1226 1270
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IABLE X111,

SHAFT SIZE -
KEY SIZE -

CLEARANCE -

% in,
D

4
0.006 in.

TORQUE ( 1b. = in. )

(zgéizoﬁ) 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN
| Observed Calibrated |Observed Calibrated | Observed Calibrated

0.25 15 | 15 12 12 ) 9
0,50 28 28 18 18 19 - 19
0.75 61 67 23 23 36 35
1,00 96 102 43 45 14 14
1.26 146 158 69 76 37 37
1.50 201 217 109 118 59 65
1.75 265 275 158 172 88 96
2.00 307 330 223 240 133 145
2.25 370 400 278 298 182 198
2.50 425 460 333 360 234 283
2.75 483 620 3856 415 302 327
3.00 6§35 875 445 478 377 406

Contd.




TORQUE -( 1b. - ine )
(?ggges) I SPECIMEN I1 SPECIMEN 111 SPECIMEN
Obsorvod Calibrated |Observod Calibrated | Observod Calibrated
3,25 586 630 505 545 | 446 480
3,50 644 694 563 612 510 548
3,75 | 697 750 623 670 | 582 628
4,00 | 741 798 683 735 638 687
4,26 | 796 857 733 790 682 736
450 | 843 908 754 812 733 290
4,75 882 960 798 862 787 850
5,00 | 931 1003 844 910 837 902
5,25 981 1067 890 960 886 953
5.50 | 1069 1080 933 1005 931 1003
5,75 | 1109 1143 970 1045 977 1082
6,00 | 1146 1184 1048 1080 1056 1088
6.25 | 1190 1230 1085 1118 1101 1135
6.50 | 1232 1274 1130 1167 1142 1178
6,75 | 1275 1320 1165 1202 1187 1226
7,00 | 1313 1360 1200 1240 1233 1276




69

TABLE X1V,

SHAFT SIZE -

ot 0olen

KEY SIZE  «

CLEARANCE - NIL

TORQUE ( 1lbo - in, )

TWIST
(dogroes){ I SPECIMEN 11 SPECIMEN 111 SPECIMEN
| Observed Calibrated Observed Calibrated | Observed Calibrated
0025 12 19 48 48 20 20
0.50 22 a2 85 93 : 38
0,75 39 39 114 124 61 - 53
1,00 32 a2 146 160 65 72
1.26 61 66 177 193 75 80
1.50 82 90 216 236 81 28
1,75 104 112 244 265 103 112
2.00 132 145 270 294 119 130
2035 163 177 299 323 132 1458
2,50 197 212 330 357 159 173
2,75 229 247 359 390 180 208
3.00 267 287 388 420 222 240
Contd.




70

TORQUE ( 1b. =~ in, )
(ggéizoa) 1 SPECIMEN I1 SPECIMEN 111 SPECIMEN
Oboervod Calibrated | Observed Calibrated | Observed Calibratod
3.25 | 300 326 409 443 249 270
3,50 338 367 435 473 289 314
3.75 374 405 461 500 311 337
4.00 411 446 486 527 341 370
4,25 422 457 507 550 | 366 397
4,50 442 480 530 573 408 442
4.7 465 505 551 697 433 471
5,00 491 531 571 619 460 408
5.25 515 560 590 638 482 523
5,50 536 582 | . 612 663 505 546
5.78 657 603 631 683 530 574
6.00 579 627 650 704 554 600
6,25 598 648 667 723 576 625
6.50 617 670 636 745 604 655
6,75 631 684 704 763 625 677
7,00 652 706 720 780 649 704




7

TABLE XV,
SHAFT SIZE - 2 in.
KEY SIZ8 - 2

CLEARANCE - NIL

TORQUE ( 1bs - in. )
(80 ciaeq)| 1 SPECIMEN II SPECIMEN |  III SPECIMEN
Dbserved Calibrated | Observed Calibrated | Observed Calibrated
0,25 2 2 2 2 2 2
0,50 3 3 2 2 4 4
0475 3 3 10 10 7 7
1,00 7 ? 10 10 | 17 17
1,26 ) 9 13 13 22 22
1.50 14 14 23 23 38 38
L7 | M 14 38 38 22 22
2,00 22 22 55 60 49 - 52
2,25 | 22 22 34 35 69 72
2,50 40 40 a8 38 90 96
2,76 60 65 38 38 120 128
3,00 85 63 47 50 149 160
Contd,




TORQUE ( 1b, = in, )
(ggéﬁzea) I SPRCIMEN I1 SPECIMEN I11 SPECIMEN

Oboorved Celibratod |Observod Calibrated | Observed Calibratod
3,26 | 13 12 .| 80 86 . 179 102
3,50 | 139 151 107 . 16 216 230
3,76 | 165 180 143 158 250 267
4,00 188 205 176 187 289 307
4,25 215 235 210 224 327 349
4.50 | 240 260 228 253 361 385
4,75 267 290 275 204 385 420
5.00 | 201 316 308 328 424 450
5,25 320 347 342 365 441 468
5,60 | 360 378 375 400 464 494
5,75 380 413 411 437 490 522
6,00 | 398 438 441 468 515 547
6,25 427 465 a2 500 536 564
6,60 | 452 490 a6 527 554 580
6.75 nG 616 528 560 575 612
7.00 499 540 560 595 598 636




TABLE XVI,

SHAFT SIZE =

o i

EEY SIZE -

CLEARANCE - 0,006 in,

TORQUE ( 1b. = in, )
(g'ggges) I SPECIMEN 11 SPECIHEN 111 SPECIMEN
Observed Calibrated | Obsorved Calibrated | Obgerved Calibrated
0,25 2 2 3 3 17 17
0.50 2 2 3 3 14 14
0,75 10 10 3 3 14 14
1,00 10 10 3 3 26 26
1,26 | 10 10 3 3 87 a7
1,50 22 22 3 3 50 85
1,75 18 18 3 3 62 67
2,00 | 18 18 3 3 7 82
2,25 18 18 16 16 99 106
2,50 | 26 26 16 16 120 138
2,76 | 40 40 22 22 156 165
3,00 | 66 70 24 24 200 214
Contd.




74

TORQUE ( 1b. - in. )
(3‘;’;‘:’.309) 1 SPECIMEN 11 SPECIMEN 111 SPECIMEN
Obsorved Celidrated | Observed Cal_ipratod Observod Calibrated
3.25 80 85 | 21 21 240 255
3,50 | 120 128 | 21 21 282 300
3,75 | 187 168 32 32 320 340
4,00 | 192 206 38 a8 352 375
426 | 226 241 63 67 381 408
4,50 | 259 278 89 95 405 433
4,75 | 284 312 131 140 427 454
5,00 | 322 343 170 182 447 476
5,26 | 350 8713 | 207 221 470 500
5.50 | 380 404 246 261 494 525
5,75 | 408 433 200 308 514 546
6.00 | 432 458 326 347 530 563
6.25 | 441 470 361 385 545 580
6.50 | 446 475 308 422 563 600
6.75 | 469 498 | 427 450 678 615
7.00 | 487 518 450 472 589 623




APPENDIX - B
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