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Hi, welcome you all for module 3 and lecture 3, now in this lecture we will solve some
numerical problems on fit and tolerance. So, that we can understand the concepts more clearly.
Now let us start the problem number 1.
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Numerical problems

1. The limits shown on a drawing for the mating hole and shaft are :
For the hole - 50.000%) &> mm
For the Shatt 500002436 mm

State the type of fit and find the allowance. What is the greatest possible
amount of clearance or interference?

The limits shown on a drawing for the mating hole and shaft are given here for the hole basic
size is 50 and the limits are shown here. And for the shaft again the basic size is 50 and these are
the limits, upper limit and lower limit. Now we have to find the allowance and then we have to
state, what is the type of fit, we have to calculate what is the greatest possible amount of
clearance or interference over to black board.
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In the problem the basic size of the shaft are given, the basic size is 50 millimetre and limits for
to upper limit and lower limit for hole and shaft also mention. So, the maximum metal limit on

the hole is 50 millimetre. So, this is the maximum metal limit for the hole and the minimum



metal limit for the hole is 50.046 millimetre. So, these are corresponds to the maximum metal

limit and this is the minimum metal limit.

So, and then we have shaft weighing the basic size is 50 again the limits are given in the
problem. The minimum size of the shaft is 49.971 millimetre. And the maximum size of the shaft
is 49.99 millimetre and this is the tolerance zone for shaft. And this is the tolerance zone for the
hole. Now since the minimum size of the hole is greater than the maximum size of the shaft we

have a clearance fit.

And now the allowance is the difference between the maximum metal limits of hole and shatft.
So, the maximum metal limit for the hole is 50 millimetre and maximum metal limit for the shaft
i1s 49.99 millimetre. So, the difference algebraic difference gives the allowance, so that is 0.01
millimetre. Now the amount of clearance is the difference between the maximum size of hole
that is 50.046 millimetre and minimum size of shaft that is 49.971 millimetre. So, this difference
gives the greatest amount of clearance that is 0.075 millimetre.
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2. The limits for a hole and shaft combination are :
Forthe hole  80.000783 mm
Forthe Shaft 80.000139%3 mm

State the type of fit and find the allowance, What is the greatest possible
amount of clearance or interference?

3. Max. metal limit for the shaft is 100.026 mm
Max. metal limit for the hole is 100.000 mm
Min. metal limit for the hole is 100.036 mm
Min. Metal limit for the shaft is 100.003 mm
State the type of fit and find the allowance.

Now we will move to problem number 2 wherein the limits of hole and shaft combinations are
given. The basic size of hole and shaft is 80 millimetre and then the limits are hole and shaft also
mentioned in the problem. We have to find the type of fit and we have to find the allowance and

also we have to determine the greatest possible amount of clearance or interference.
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Now from the given problem you can understand that the minimum metal limit for shaft is
80.071 millimetre and minimum metal limit for hole is 80.035 millimetre. So, that is shown in
the picture here, this is the hole.

(Refer Slide Time: 04:46)

The minimum size of the hole is 80 millimetre and maximum size of the hole is 80.035
millimetre and this corresponds to the minimum metal limit for hole. And for shaft here and we
have shaft and the minimum size of the shaft corresponding to minimum metal limit is 80.071
millimetre. And then the maximum size of the shaft is 80.093 millimetre corresponding to the

maximum metal limit for shaft.



Now since the minimum size of the shaft is greater than the maximum size of the hole they have
interference fit. Now maximum metal limit for shaft is equal to 80.093 millimetre and then
maximum metal limit for hole is 80 millimetre corresponding to this. And then the difference
gives the allowance difference between the maximum metal limit for shaft and maximum metal

limit for hole gives us the allowance, that is 80.093 millimetre—80 millimetre=0.093 millimetre.

And then greatest interference is equal to allowance is equal to 0.093 millimetre. Now we will
move to problem number 3 wherein the conditions given are maximum metal limit for the shaft
is 100.026 millimetre, maximum metal limit for the hole is 100.0 millimetre, minimum metal
limit for the hole is 100.036 millimetre and minimum metal limit for the shaft is 100.003
millimetre. We are required to find the type of fit and we have to find the allowance also, now
over to black board.
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Now these are the given conditions maximum metal limit for shaft is 100.026mm, maximum
metal limit for hole is 100 millimetre. So, if hole and shaft are made to maximum metal limits,
then they have interference fit.
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Now from this picture you can understand that the maximum metal limit for shaft is 100.026 and
minimum metal limit for shaft is 100.003 millimetre and this is the hole. The maximum metal
limit for hole is 100 millimetre and minimum metal limit for hole is 100.036 millimetre. This is
the tolerance zone for hole and this is the tolerance zone for shaft. Now if both of the hole and

shaft are made to maximum metal limits, then they will be having interference fit.

That is the if the hole is made to maximum metal limit, it will be 100 millimetre and the shaft is
made to maximum metal limit it will be 100.026 millimetre. That means shaft will be greater
than the hole size, so we will be having interference fit. And now minimum metal limit for hole
is 100.036 millimetre, minimum metal limit for shaft is 100.003 millimetre. If both hole and

shaft are made to minimum metal limits then they will be having a clearance fit.

That means minimum metal limit for shaft is 100.003 millimetre and minimum metal limit for
hole is 100.036 millimetre. That means hole size will be bigger than the shaft size, so we will be
having clearance fit. And then allowance is the difference between the maximum metal limits of
hole and shaft, that is equal to 0.026 millimetre.
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4. A 50 mm diameter is made to rotate in the bush. The
tolerances for both shaft and bush are 0.050mm. Determine
the dimension of shaft and bush to give an allowance of
0.075 mm with a hole basis system.

Now we will move to problem number 4. A 50 millimetre shaft is made to rotate in a bush, the
tolerance is for both shaft and bush are 0.050 millimetre. Determine the dimension of the shaft
and bush to give an allowance of 0.075 millimetre with a hole basis system, Over to board.

(Refer Slide Time: 10:00)

Now in the case of hole basis system lower deviation of hole will be 0. So, the lower limit of
hole is equal to 50millimetre which is given in the problem. So, higher limit of hole is equal to
lower limit of hole+tolerance. That is lower limit of hole is 50 millimetre to get the higher limit
we have to add the tolerance then we get 50.050 millimetre. Now high limit of shaft that is this

value, high limit of shaft is equal to low limit of hole—allowance.



Lower limit of hole is 50 millimetre and allowance is given in the problem that is 0.075
millimetre. So, we get higher limit of shaft is equal to 49.925 millimetre, so higher limit of shaft
is 49.925 millimetre. Now in order to get the lower limit of shaft we have to subtract tolerance
from the higher limit of shaft that is we have to subtract this tolerance of 0.005 millimetre from
the high limit of shaft that is 49.925. Then we get the lower limit of shaft is equal to 49.875
millimetre.

(Refer Slide Time: 11:44)
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The problem is the figure below shows the assembly of a shaft and it is mating hole, this is the

shaft, this is having a size of basic size of 30 millimetre and the limits are given. The minimum



size of the shaft is 29.89 millimetre and the maximum size of the shaft is 29.95 millimetre and
this is the bush fitted in the housing and the size of the hole are given here the basic size is 30
millimetre and the minimum size of the hole is 30 millimetre and maximum size of the hole is

30.06 millimetre.

Now we have to give the appropriate dimensions for the following that is hole tolerance we have
to calculate, shaft tolerance we have to calculate and then we have to calculate minimum
clearance, maximum clearance, maximum metal condition for hole and minimum metal
condition for shaft.

(Refer Slide Time: 13:14)
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Now we have the solution here hole tolerance is the difference between these 2, that is 30.06
millimetre — 30 millimetre will give us the hole tolerance of 0.06 millimetre. Similarly to find the
shaft tolerance we have to find the difference between the maximum size of the shaft and

minimum size of the shaft. That is 29.95-29.89 will give us the shaft tolerance of 0.06millimetre.

And then we have to find the minimum clearance between the shaft and the hole. So, this is equal
to minimum size of the hole that is equal to 30millimetre and—maximum size of the shaft that is
equal to 29.95 millimetre. The difference gives us 0.05millimetre. And then maximum clearance

is equal to maximum size of the hole-minimum size of the shaft. So, maximum size of the hole



1S 30.06 millimetre and minimum size of the shaft is 29.89 millimetre, the difference is 0.170

millimetre is the maximum clearance we get.

And then maximum metal condition for hole is equal to lower limit of the hole that is 30
millimetre. And then minimum metal condition for the shaft is equal to lower limit of the shaft
that is equal to 29.89 millimetre. So, all these values are indicated in the picture given here.

(Refer Slide Time: 14:50)

So, this is hole lower of hole is 30 millimetre, upper limit of the hole is 30.06 millimetre. And we
have the shaft with lower limit, that is 29.89 millimetre and high limit of shaft is 29.95
millimetre. The difference between the minimum size of shaft and maximum size of hole gives
us the maximum clearance and then the difference between the maximum size of the shaft and
the minimum size of the hole will give us the minimum clearance.
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ANSI Preferred Hole Basis Fits (ANSI B4.2-1978(R1984))

So, here we can see some of the preferred hole basis fits as per American standard B4.2. We can
see here we have the basic hole that is H11, H9, H8 like this. We have taken the basic hole
wherein the deviation is 0, that means the lower limit of the hole will be equal to the basic size.
Similarly we have the preferred shafts here C11 and then D9, F7, G6, H6 you can see here again

we have the basic shaft here, so wherein the deviation is 0.

If you take H11, C11 combination we can see that there is a large clearance here. So, this is the
minimum size of the hole, so this is the hole and this is the minimum size of the hole. And this
gives us the maximum size of the hole and similarly this gives us the minimum I am sorry. So,

this will give us the maximum size of the shaft and this gives the minimum size of the shaft.

So, now the difference between the minimum size of the hole and maximum size of the shaft will
give us the minimum clearance. And similarly the difference between the maximum hole and the
minimum shaft will give us the maximum clearance here. Now for H7, capital H7 and lower case

h6 we can see that the clearance is 0 and from c11, d9, f sign in these combinations.

These combinations will give us the clearance fits similarly these combinations of hole and shaft
will give us for example H7 and 6 will give us transition fit. You can see here there is some

overlap here, the tolerance zones of hole and shaft they are overlapping. So, we get the transition



fits and then we have the combination H7 p6, H7 s6, H7 u6 the all these combinations will give

us the interference fits.

So, again here the this is the maximum size of the hole and minimum size of the hole, and this is
the hole tolerance, and similarly we have the shaft tolerance. So, this difference will give us
minimum interference and this difference that is maximum size of the shaft and then minimum
size of the hole. So, this distance will give us the maximum interference.

(Refer Slide Time: 19:31)
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And here hole basis system shown with letters that means the H hole is considered here, the basic
hole is considered here where deviation is 0. That means the basic size of the lower limit of the
hole. So, this is the lower limit of the hole, so it is coinciding with the basic size. So, that is why
this is the basic hole with letter ‘H’ and this is the tolerance for the hole and this line indicates the

0 line.

Now we can see that we have varying the shaft sizes we have a, shaft b, shaft c, shaft like this, so
up to h we can have clearance fit. For one example is given here h7 d10, so this is h7 and then
d10 this will give us the clearance fit. And then the other combinations like h7, j, k, m, n, p up to
this we can have the transition fit 1 example is given here H7 m6, so this will provide us the

transition fit.



Similarly this combinations r, s, t, u, v, X, y, z, za, zb, zc these shafts with H hole will give us
interference fit. So, depending upon the application we can select appropriate fit.
(Refer Slide Time: 21:10)
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Now that is the graphical representation of the shaft basis system as per ANSI B4.2. You can see
here the shafts are basic shafts, that means the deviation in this case is 0 that means upper size of
the shaft is coinciding with the basic size hence the deviation is 0. Now we have various shafts
h11, h9 and the different grades of tolerance that is different IT grades are as the number

increases as the IT grade number increases we can see that the tolerance value will increase.

As the number reduces the tolerance band is reducing that means as then move as the decrease
the IT grades from hll, 9, 7, 6 like this. We have to select the precision machine tools to control
the sizes properly to provide the tight tolerances. So, when the tolerance grade increases like IT
8, 9, 10 like that, the tolerance gets widen. So, that we can select not so precision machine tools

and the cost of production will decrease.

Again the selection of fit and tolerance it depends upon the application that is needed. Similarly
we have we are varying the shaft sizes here C, D, F, G, H. Now you can see here this is the basic
hole H, wherein the deviation is 0 that means the lower size of the hole is coinciding with the
basic size. And this level indicates the IT grade IT 11, IT9, IT8, as the number decreases

tolerance band reduces, as the number increases tolerance band increases.



So, for this particular IT11, this is C11 this is the hole tolerance and for this h11 this is the shaft
tolerance, and you can see there is a wide gap between the C and h shaft and C hole and this is
the minimum clearance what we can get. And this corresponds to the maximum size of the hole
and this corresponds to the minimum size of the shaft. So, this will give us the maximum

clearance.

And as we move towards right side you can see here the hole sizes are lesser than the shaft size,
so we are getting interference. For example we have this hole u7 and this is the maximum size of
the hole and this is the minimum size of the hole, and this is the tolerance hole tolerance and this
is the h6 is the shaft wherein we have the shaft tolerance, this is the shaft tolerance and this is the

maximum size of the shaft and this corresponds to the minimum size of the shaft.

And now the minimum size of the shaft is greater than the maximum size of the hole hence we
are getting the interference fit. Now this is the minimum amount of interference and this gives us
the maximum amount of interference. And again depending upon, what type of holes and shaft
combination we get, we can get the clearance fit, transition fit and interference fit.

(Refer Slide Time: 25:38)
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Now this is ANSI preferred shaft basis fits as per ANSI B4.2. Now we have taken the basic shaft

and we the shaft size is fixed and this is the tolerance provided for the shaft. Now this is the basic



line 0 line, it is corresponding to the basic size of the shaft. So, the deviation is 0 hence this is the
basic shaft and then we have the shaft basis fits. Now we are varying the holes, hole sizes we are

varying this is A hole, B hole with the tolerance zone.

Now from A to H we get the clearance fit, so h6/D10. So, this shaft is H shaft and 6 is the IT
grade h6/D10 will give us the clearance fit. And from j2 P with H shaft will give us the transition
fit and then from R, R hole to zc with the H shaft we can get interference fit.

(Refer Slide Time: 27:11)

Table 1:Description of Preferred Fits
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Now this is description of preferred fits, summary of preferred fits, clearance fit, transition fit
and interference fit and depending upon what type of fit required whether we require loose
running fit or free running fit or close running fit, sliding fit, locational clearance fit. So,
depending upon the type of fit whether we want clearance fit or transition fit or interference fit

we can select the appropriate combinations and these combinations are the preferred fits.

And these combinations H11/c11 they give more clearance and H7/u6, U7/h6 they give the more
interference.
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Table 2: Preferred hole basis metric clearance fits - ANSI B4.2-1978 (R1994)

Loe Huaing e g [ Shirg Laiioed Chanica
B T e e s T e skl e san
Qe i o g L il L3 i 1l it W [ i Hr 3 13
I Max L] [Tt IME 03 0ITm 1 LE T L LL T Lo L Do
Mn (] B0 Qi) M0 s I ] 10 LL L
T M B0 T o= 15 T 0o [FiI) T W@ | W | OoE | 2]
lim L0 L i 1M LIS ol L L8 e 12 L LA LI D
T Ve TED TS 00 | TAE T3 OO0 [ T 190 00 | 160 (@8 GWE | (EW (0 GO |
Mt |.HO LD 0081 150 1555 00a 150 151 006 160 150 0 LN LEM DR
T T 5 T T T ;| oW I W |
Min LI0 LEED 0080 LN 1855 00 R 1B e 100 (LT 1 Loy Do
o M T T o | W C amn F21) T 16 | 11 0 11 i I
Min 20 LuO TR0 R LN LW e B e 2 M
T W= LN N T U ST 1 1L 11 T
Min 10 LHD 0B LMD RS AIE L0 LB 06 10K Pl 1m0 10 D
T W T w0 | TN T T T LT
M A0 REE A B b 00 AW LW ki A 1 i AW A B
T THE (e 0 T T S 1T [T VR i T T
Min AH0 LS A0 W s AW 0o A mm e A gm0
Mn L] AEE AIm R0 RAD 0 L L i (] i nm
T (LT ) [T T [T T A T ETTH W umn | GOE am e |
n RO TE0 m) K@ TaN o LR ] L] T L
T Ve (] LG i I L T ] T
M nen  0E0 A wao  ns o | oweme sz om | owew  amw e nm w0
Mii 1200 17% ams 1200 119 0 120 113 006 o 11 nee 20m e
T W B Al w00 | R 1AM OW | W0 DA 0ms | 0w o oo |
Min IR0 1T A i 15307 g s oon | owew  pan e | om0 e o
L m g
Mn LU E O i) 10958 00E0 o [ nm o AE L
T W e T B % 7 LR | Bml fm oel | & i
Mn ENO A A0 B0 N 00 ] 15 N 0T B M D

]

Now this table shows preferred hole basis metric clearance fits as per ANSI B4.2. Now we can
this 1s the readymade table depending upon the type of fit required we can select the appropriate
fits the basic sizes are given here 1, 1.2, 1.6, 2 like this up to 500 millimetre.
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Table 3: Preferred hole basis metric clearance fits - ANSI B4.2-1978 (R1994){Continued)
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a -The sizes shown are first choice basic sizes, b—A&ll fits shown have clearance, All dimensions in mm

The basic sizes are given with the maximum value of the maximum value and minimum for both
shaft and hole they are mentioned here. And we have loose running if you want loose running fit
what is the combination we should select, if you want free running fit what combination we can
select all those things we can get here. And for example if the basic size is 20 and if we select

H11 hole, then the hole minimum size will be 20 since it is H hole the deviation is 0.



So, the minimum size of the hole will be equal to the basic size, so minimum size is 20
millimetre and maximum size will be equal to 20.130. So, the clearance hole tolerance will be
130 microns. Similarly depending upon the type of fit required we can select the locational
clearance, sliding clearance etc., etc., and one more thing we can understand is as the number is

reducing H11, H9, H8, H7 the amount of tolerance also reduces.

For example here for H11, 20 basic size the tolerance for the hole is 130 microns, whereas for
the basic size if you select H9 hole that is IT grade IT9 tolerance grade. You can see the tolerance
is reduced to 52 microns form 130 micro metres. And then if you go to H8 hole we can see the
tolerance becomes 33 micro metres and H7 hole with the same basic size of 20 millimetre we

have the tolerance of 21 microns.

So, as the IT grade number reduces the tolerance becomes tight. Now this table gives the basic
sizes from 30 millimetre to 500 millimetres.
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American National Standard Preferred Hole Basis Metric Transition and Interference Fits

American National Standard Preferred Shaft Basis Metric Clearance Fits

American National Standard Preferred Shaft Basis Metric Transition and Interference Fits

Similarly we can readymade tables in the ANSI standard for hole basis metric transition and
interference fits. And then shaft basis metric clearance fits, shaft basis metric transition and
interference fits. So, one can get the readymade tables from the standard and can use it.
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Table 4:FORMULAE FOR FUNDAMENTAL DEVIATION FOR SHAFTS SIZES UP TO 500 mm
UPFER DEVIATION {es) LOWER DEVIATION [ei}
Shaft Desgnation In Micrang {for O in ) 3natt Designation In mierons (far D in mm)
= {265+ 1.320) for D5 120 BlojB Na farmula
a iand 5 ITx1/2
=- 3500 forD > 120 Kito k7 = 065D
= - (140 + 0.852D); for D <160 _k for Grade 53 and 24 =0
by “And
=-1.820for D = 160 m =+ (|T7-IT6)
=-520" for D < 40 n =4 5Q0H
=+{95 + 0.82) for D> 40 p =+[T7T + 0t 5
e G.M. of values forc and d r = geometric mean of values for p and s
g = 1608
a [ — 100 . = T8 + 110 4; for D 250
af GM. of values fore and | =+IT7 o +04D;for D > 50
f =-55004 t =+|T7 +0.630
ig GM, of values forfand g u =+[TTto+D
g =-2500% v =+IT1 + 1.25250
H | =+IT7 +1520 |
y =+ [T7 + 20 |
, . z =+ 7+ 252D |
7 =|T8 +3+3.152D
zb =+ T8+ 40
Fid =+|T10 +40

Now this is a table 4 it gives the formulae for fundamental deviation for shafts, shaft size is up to
500 millimetre. So, depending upon shaft designation whether we are using A shaft, B shaft, C
shaft etc., etc., what is the upper deviation and what is the lower deviation, so that we can find in
micro meters. For example if you select the shaft d the upper deviation will be equal to — 16
times D power of 0.44 micrometre where D is in millimetre. So, like this using this table one can
find the formulae for the fundamental deviation.
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Table 5: Grades of Tolerance (1S:919)

Tolerance | ITS |ITE IT10 |IT11 |IT12 IT15
Grades

Values 70100 16 25 400 00i 1601 2500 4000 6400 1000i

Table 6: 18 grades of tolerances as per IS: 919

Monge ——Jemgowe ]
IT0L,ITO,IT1teIT6 For limit gauges and measuring instrumants
TS5t T 12 For precision and general engineering fits
IT11talT 16 Semi finished products
Fhafl
IT prade IT grade Hel&m:::ancc
(50H8 50f 7 50H8f 7
Bagic size lrFum:lar'nenml Basic size \?undamental Sttt tolera{cg
deviaticn deviation Wele
. Hole Shaft Fit

Now this table shows the various grades of tolerances used as per 1S:919 standard. So, these are

the tolerance grade IT5, IT6 of to IT16 and the second row indicates the values of the tolerance



values in terms of tolerance unit international tolerance unit I. Now this table gives us 18 grades

of tolerances as per IS: 919 . Now also this table gives the field of use of these grades.

For example IT 01, IT O, IT 1 up to IT 6 these grades for used for limit gauges and measuring
instruments wherein very very tight tolerances are specified. And IT 5 to IT 12 they are used for
precision and general engineering fits like the bush bearing and then for fitting the bearings in
the housings for the fitting the pulleys on to the shaft etc., etc., and IT 11 to IT 16 they are used

for semi finished products.

And how do we designate the holes and shafts and the combination of hole and shaft is shown
here. So, this is the way in which the hole is designated this 50 HS, so here it is first number 50
indicates the basic size of the hole and then H indicates the fundamental this letter indicates the
fundamental deviation. For H hole the fundamental deviation is 0 that we have already studied

and this number 8 indicates the IT grade.

So, this dictates as what is the tolerance that is allowed on the hole. Similarly for the shaft this 50
indicates the basic size in millimetre and f indicates the fundamental for f hole and 7 indicates
the IT grade. So, IT grade 7 using this we can what is the tolerance. And then for the
combination of hole and shaft that is for fit this is how we represent the fit. This number

indicates the basic size of hole, and shaft this indicates the what type of hole.

This 8 is IT grade for hole and this small f this is for shaft so, 7 indicates the international
tolerance grade.
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Tolerance zone for h shaft  * ¢
(Refer table 3 for 50 h6) - %’]Z
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Figure: Tolerance zones TS to IT11 for a shaft of @ 50 with
' tolerance grade
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Now so tolerance zone for h shaft, so h shaft is considered here wherein the deviation
fundamental deviation is 0 okay. Now for h shaft various tolerance grades are shown here like 5,
IT S5, 1T 6, IT 7 up to 11, IT 5 to IT 11. Now as the number increases IT number increases the
tolerance value will also increase we can see here for IT 5 this is the amount of tolerance for IT 6

this is amount of tolerance IT 11 you can see we have a very large tolerance of 160 microns.

And this tolerance value it also depends upon what is the basic size, so this particular draw
picture is drawn for a basic of 50 millimetre with h shaft and with IT grade IT 5 to IT 11. So, this
these numbers indicate the tolerance. Now we can see here for h6 this is the amount of tolerance,
so from here to this is the 20 micrometre tolerance. So, this will be this is 10 micron and then this

is 15 micron.

So, this tolerance value will be approximately 16 or 17 microns, so that we can check with the
table 3, h6 50 millimetre basic size 50 h6, 50 is the basic size.
(Refer Slide Time: 37:54)



Table 3: Preferred hole basis metric clearance fits - ANSI B4.2-1878 (R1994)(Continued)
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a-The sizes shown are first choice basic szes; b- All fis ehown have clearance; All dimensions in mm

7

So, basic size is 50 millimetre and h6 is the hole we have h6 here.

Now since we are using basic

shaft the deviation is 0, that means the maximum size of the shaft is equal to the basic size that is

50 millimetre and you can see here the minimum size of the shaft is 49.984, so the difference

between these 2 is 16 microns. So, this 16 microns is the tolerance provided on the shaft.

So, that we can observe in this picture 16 microns is the tolerance,

graphs like this or readymade tables for getting the tolerance value.
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so we can use the readymade

Calculation of International Tolerance Grades:

"i" is standard tolerance unit."i for IT5 to IT 16 values can be
calculated with the formula below;
=045 VD +0001 x D

Unit of tolerance is pm.
To calculate D

IF VD.|D2

within which a part can be manufactured also increases.
Table 7: Geometric mean of diameter steps in mm
3¢ ——
O;é, 6-10, @)@30—50. 50-80, 80-120, 120-180, 180-
250, 250-315, 315-400,400-500

Where, D (mm) is the geometric mean of the lower(D1) and upper(D2) diameters of a particular
diameter step within which the chosen the diameter D lies. As the size increases, the tolerance

Now we have to calculate the international tolerance grades depending upon what is the grade

that is provided whether it is IT 5, IT 6 or IT 16 like that depending upon this we have to find the



standard tolerance unit. For that we use the formulae that is given here “i” that is standard
tolerance unit is equal to 0.45 times + 0.001 times D where D is the geometric mean of the

diameter step.

So, what is the diameter of diameter step we can understand from these, D is millimetre it is the
geometric mean of lower diameter and upper diameter. That means you can see here table this
table gives geometric mean of diameter steps various steps that are allowed as per standard. So, 0
to 3 is one step, 6 to 10 is other diameter step. So, this is D1 first number is D1 and second

number is D2.

So, if we have diameter of 25 it falls within this step of 18 to 30 millimetre. Then D1 becomes 18
millimetre and D2 will be 30 millimetre then using this relationship we can find the geometric
mean D.
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s . Table 8: Machining processes and
associated IT grades

Hesiing

Super finishing

Cylindil grinding
Diamang tuming - --

Plin ginding --
mEE
o EEa
Baring tuning -- --
Siwing

Hillirg

Flaning, shaping and Cald
ralling, Grawing

Exiruding
Crilling

Die casting
Fargag
Sanc casting

Het ralling Flsme cutting

Now this particular picture shows the various machining processors and associated IT grades.
Now we can see here different processors are listed here. So, starting from very precise
machining like lapping, honing etc., super finishing, cylindrical grinding, diamond turning and
then very not so precision operations like drilling, die casting, forging etc., etc., now when we
say IT grade 5 immediately we can select, what is the process which is suitable for the to produce

that IT 5 grade.



You can see here, if you say IT 5 then we have so many machining operations which can satisfy
the tolerance values specified by IT 5. We can select honing, super finishing reaming like this.
So, the fine machining processes we have to select, if you say IT 10, then these are the

machining processes we can select to get the tolerance value which is specified by IT 10.

The processes like boring, sawing, milling etc., we have to select that means when the designer
says the particular IT grade immediately we can use this table and we can find what is the
appropriate machining operation. Now we will conclude at this point in this lecture we studied
about the various tables, readymade tables and charts using which we can find the tolerance

values define the upper limit and lower limit of shaft and holes.

And then we studied about the IT different IT grades and what are the applicable machining
processes suitable for various IT grades. In the next lecture we will continue with some

numerical problems thank you.



