CHAPTER ONE

Fits and Tolerances




Why tolerances and fits are required?
Due to the inevitable inaccuracy of manufacturing methods, a part
cannot be made precisely to a given dimension, the difference between
maximum and minimum limits of size of a part is the tolerance.
Tolerance is the total amount that a specific dimension is permitted to vary.

There is no such thing as an "exact size". Tolerance is key to
interchangeable parts.

When two parts are to be assembled, the relation resulting from the
difference between their sizes before assembly is called a fit.




Examples of Interchangeable Manufacture
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Advantages For Interchangeable
Manufacture

Replacement: One such part can freely replace another,
without any custom fitting (such as filling).

Easy to Assembly: This interchangeabillity allows easy

assembly of new devices

Repairing: Easier repair of existing devices.

Minimizing time and cost: Minimizing both the time and skill
required of the person doing the assembly or repair.

Rapid Manufacturing: Machine tool enables the
components to be manufactured more rapidly




How to decide tolerance?

Functional requirements of mating parts
Cost of production
Available manufacturing process

Choose as coarse tolerance as possible without compromising
functional requirements.
Proper balance between cost and quality of parts.




1.1 Dimensional Tolerances Some of the dimensional tolerances
terms are defined as following:
1. Dimension

2 . Slze (It is a number expressed in a particular unit in the measurement of length)

3., ACtU al SiZ’e (Of a pal"'t) (the measured size of the finished part after machining)

4. BaSIG size (the theoretical size used as a starting point for the application of tolerances)




5. D@Slgﬂ Slze (The ideal size for each component (shaft and hole) based upon a selected fit)

6. leltS Of Size (the maximum and minimum sizes shown by the tolerance dimension)
7. Maleum llmlt Of Size (Is the maximum size permitted for the part)
8. Mlﬂlmum llm[t Of Size (it is the minimum size permitted for the part limit of size)

9. Maleum mateflal llmlt (is the condition of a part when it contains the most amount of material. The
MMC of an external feature (such as a shaft) is the upper limit. The MMC of an internal feature(such as a hole) is the lower limit)
10. Mlﬂlmum mateflal llmlt (is the condition of a part when it contains the least amount of material

possible. The LMC of an external feature is the lower limit of the part. The LMC of an internal feature is the upper limit of the part.)

11. T‘Olef'aﬂce (Tolerance is the difference between maximum limit of size and minimum limit of size)




12 o Ze‘["'O lifle (it represents the basic size)

13. Upper" deVIa"['IO[’] (It is the algebraic difference between minimum limit of size and its corresponding basic size)

14. LOW@F deViatiOﬂ (It is the algebraic difference between minimum limit of size and its corresponding basic size)

15. TOleFaﬂce Z0ne (a region representing the difference between the upper and the lower limits)

16. U[]llatet‘"al tOl@Faﬂce (In this method of presenting the limits, variation is allowed only on one side of the zero line)
17. Bilater'al tOleFa[’lCG (Here the limits variation is allowed on either sides of the zero line)

18 . Shaft (it refers to any external feature of a part, including any non cylindrical features as well)

1 9 . HOle (the term used for any internal feature of a part including any non cylindrical as well)
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20 o BaSIC Shaft (the shaft chosen as a basis for the shaft basis system of fit)

%

B asic shaft

2 1 o BaSIC hOle (the hole chosen as a basis for the hole basis system of fit)

Basic hole

22 . F[t (Fit is the relationship that exists between two mating parts, a hole and shaft with respect to their dimensional difference )

23 o BaSIC Size Of a flt (common value of the basic size of the two parts of a fit)




24. Clearance fit
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27. Minimum clearance

Min. clearance

28. Maximum clearance

29. Minimum interference
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30. Maximum interference

shaft
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Max. mterference
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hole hole *

31. Shaft-basis system of fits
32. Hole-basis system of fits

Figure 1.3: Basic hole and shaft system




31 - Basic Shaft System of fits
In this system the size of the shaft remains the same and the hole size is
varied to get the required fit. Maximum shaft size is taken as the basic

size, an allowance is assighed, and tolerances are applied on both sides
of and away from this allowance.
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32 - Basic Hole System of fits
In this system the size of the hole remains the same and shatft size is varied
to get the required fit. Minimum hole is taken as the basic size, an

allowance is assigned, and tolerances are applied on both sides of and
away from this allowance.
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Some definitions

Basic Size: Is the size from which limits or deviations are
assighed. Basic sizes, usually diameters, should be
selected from a table of preferred sizes.

Deviation: Is the difference between the basic size and
the hole or shaft size.

Upper Deviation: Is the difference between the basic size

and the permitted maximum size of the part.

Lower Deviation: Is the difference between the basic size
and the minimum permitted size of the patrt.




Some Definitions

Fundamental Deviation: 1s the deviation closest to the
basic size. This is identical to the upper deviation for
shafts and the lower deviation for holes in a clearance

fit.
Tolerance: Is the difference between the permitted
minimum and maximum sizes of a part.




Some Definitions

T
t
t

ne hole-basis system of preferred fits is a system in which
ne basic diameter is the minimum size of the hole. For

ne generally preferred hole-basis system, the

fundamental deviation is specified by the upper-case
letter.

T

nhe shaft-basis system of preferred fits is a system in which

the basic diameter is the maximum size of the shaft. The
fundamental deviation is given by the lowercase letter.




Some Definitions

An Interference fit results in an interference

between two mating parts under all tolerance
conditions.

A clearance fit results in a clearance between the
two mating parts under all tolerance conditions.

A transition fit results in either a clearance or an

Interference condition between two assembled
parts.
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1.2 Symbols for Tolerances and Deviation and Symbols for Fits:

1 . TOleFaﬂce Valu es (The tolerance value is a function of the basic size and is indicated by a number called the

grade. )
2. Tolerance zone position
The position of the tolerance zone with respect to the zero line, is indicated by a letter symbol, a capital letter for holes and a small letter
The tolerance size thus defined by its basic value followed by a symbol composed of a letter and a number. 1t is established by
a combination of the fundamental deviation indicated by a letter and the IT grade number. 1n the dimension 50H8, the H8 specifies the
tolerance zone.

Example for shaft: 45 g7

International Tolerance Grade (IT)

IT GRADE IT GRADE
FLUMDAMEMNTAL FuMDAMEMNTAL
DEVIATION —— DEN | AT I

S50HS8 507

TOLERAMNCE TOLERAMNCE
GCRADE SRADE

BASIC SIZE BASIC SIZE

(a)HOLE (b) SHAFT




1.2 Symbols for Tolerances and Deviation and Symbols for Fits:

3.A flt (Afit is indicated by the basic size common to both components, followed by symbol corresponding to each component, the
hole being quoted first)
SHAFT

HOLE TOLERAMNCE
TOLERAMNMCE ™,

Example: 45 H8 g7 BDTEI'E,KF?'
Possibly 45 H8 - g7

Or 45 H8/g7

“FIT

BASIC SIZE

(c) FIT

https://books.google.com.sa/books?id=2ckOAWAAQBAJ&pg=SA6-PA13&Ipg=SA6-PA13&dg=fundamental+deviation+selection+fits+IT&source=bl&ots=20O-
MOzNgbP&sig=ofRGWezbxKzJe9uW9zwxVZRZPdk&hl=en&sa=X&redir esc=y#v=onepage&g=fundamental%20deviation%20selection%20fits%20|T&f=false




1.3: Grades of tolerances:
Eighteen grades of tolerances are provided 1TO1, ITO and IT1 to IT16

The Table 1.1 gives the possible degrees of precision or grade of

tolerance, achieved with different machine tools.

For Measung Tools For Matenal
01 01 2 3 4|53 6 7|8 9 10 11| 12 13 4 15 16
For Fits For Large Manufactunng Tolerances




Table 1.1: degree of precision or grade of tolerance

Tolerance grade Intended for Applicable to components or machines

1 TO1
ITO Slip blocks, Reference gauges
1 T1
1 T2
1 T3 High quality gauges
1 T4

Gauges

IT5 Ball bearing

I T6 Grinding, Honing

1 T7 Broaching

1 T8 Center lathe turning
1T9 Worn automatic lathe
) Milling

1 T11 Drilling, Rough turning

| T12 Light press work
| T13 Press work

| T14 Not for fits Die casting

| T 15 Stamping

| T 16 Sand casting




International Tolerance Grade Setectior

_ Tolerance Grade defines range of
Representation of Tolerance ., — dimensions (dimensional variation)

2) Number or Grade There are manufacturing constraints on
IT01, ITO, IT1,....IT16 tolerance grade chosen

— Ty

ITO1, ITO Super finishing process, such as lapping, | Super finishing machines

IT1 to IT5 diamond boring etc. Use: Gauges

IT6 Grinding Grinding machines

IT7Z Precision turning, broaching, honing Boring machine, honing machine

IT8 Turning, boring and reaming Lathes, capstan and automats

IT9 Boring Boring machines

IT10 Milling, slotting, planing, rolling and Milling machine, slotting machine,
extrusion planing machine and extruders

BE Drilling, rough turning Drilling machine, lathes

IT12, IT13, IT14 Metal forming processes Presses

IT15 Die casting, stamping Die casting machine, hammer machine

IT16 Sand lcasting _—
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HOLE SHAFT

®60 Hg= $60+0000 ®60 hg

H — MEANS LOWER =060 -0-074
DEVIATION ZERO -0-000

9 — GRADE (IT9)
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Figure 1.5: Position of the various tolerance zones for a given diameter in the ISO system
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Table for fundamental
deviations for shafts

Fundamental

Upper deviation es

Lower deviation e

deviation |
T T T
Leter n‘[h‘JrJ_ed|d!rTrj|f|fgtglhip" i k
Grade ol 10 16 s6| 7|8 [&7] %3
»>7
Nominal sizes) [ | L "
ver | To | J;
£
mm mm i
3 |-270|-140] =60 | -34 | -0 | -14|-10| -6 | -4 | 2| 0 2| -4|-6|0 | 0 %
3 | 6 |-20|-140]-70]-46|-30]-20]-14]-10] 6] -4} 0 2| -4 -]+ ] 0 B
6 | 10 |-280(-150] -0 [ -s6 | -a0 | -2s| -8 -3 -8 [ -5 | 0 25| -T+1]0 F
L] 1 -
4 i |
10 11 1 290|-150| -5 | - |-s0|-32| - |-16 -6 | 0 | 3l -6| -]+ o0 3
14 | 18 - 5
18 12 ) 300|-160|-110| - |-6s|-s0| - |-20| - | -7 0 -4 |-8| - |+2] 0 2
24 30 E
W | A0 =30 -0 | go) oso| - (-25| - [ -9 0 % |-10] - | +2| 0 g
4 | 50 |-30[-1m0]-1%0 E
0 [ 65 ["HOI-10) "M | oo 60| - |-30] - |-10] 0 -1 |-12| - |+2] 0 E
65 | &0 |-360)-200]-1%0 ! s
s | =
% | 100 | el “aw{ie 1200 -12| - |-3%| - |-2{ o E|-9|-15| - |+3] 0 ¥
_100 | 120 |-410]-240 | 180 i - 1+ =
120 | 140 |-460|-260 | -200 | E
140 | 160 |-520]|-280(-210] - |-145|-8s5| - |[-43| - |-14] © -8 - | +3| 0 2
160 | 180 | —3580| -310 ) - 230 &
1B0 | 200 | —660 | —340 | —240 3
200 | 225 |-740]-380]-260] - |-170{-100! - |-S0| - [-15]| O “i3|-2n| - [+4 ] 0 g
225 | 250 |-820|-420]|-280 »
250 | 280 | 920 4801300} _ | _ygo|-mo| - |-se| - |-17] o —6|-2]| - | +4 | 0 .E
280 | 315 |- 1050{ - s40] 330 g
315 | 355 [71200) -600 | - 360 ~nof-128] - |-e2| - |-18] 0 ~18)-228| - | +a | 0 .
355 | 400 |- 13508 680 | - 200 EE;
1
400 § 450 715007601 40 | _y30f-138| - [-68| - |-20] o |03 - |45 |0 Py
450 | 500 |- 1650 -840 | ~480 ] g3 g
Grade 610 16 ) 5"—5
00 630| - | - -20[-145] - [-7] - [-22] 0 0 ed |
630 BOOD | - - - - |-20|-160| - |-80| - M| 0 0 ﬁs;
-
200 1000 - |-3w|-1m0] - | -8 -2 0 [ ‘Eﬁ;
1000 1250 - 3s0-19s| - |[-w| - [-s] 0 | & 0 EE'E
1250 1600 - | - | - | - |-3%0]-220 [-to] - [-%] 0 | + n £ré
200 2500 - | - | - | - [-4m0[-200] - |-130] - |-34] 0 0
2500 350 | - - | - [-s0f-20] - [-1as| - |-38] o | 0




Fundamenial I.n'plrrr.r Levranon ¢

devianon

Litrer m | n | ] I r I i | i l u l v i I | ¥ [ 3 | ra | b | e |
Cirade [ ]

Nomenal sre | |

fher | To

mm | mm
- k] +12 #d +6 | +M0] +14 +18 + Xl +2| 432 +a0( +&0
L] f 4 R #12] #1585 | +19| - +13) - f - P35 +42| +50( +B0
[ 1o w6 | +10 [ 15 +19 [ +23| - +| - =34 . #42 452 67| 497
WL M1 s wen2|sis| +23| 28 enl - | #4001 - | +50] +64] +90] +1%0
14 1R +35 | =45 - ol +77) +108 =150
Table for fundamental AEIPNE e wat| +a1] +se| ves| +ma] e8] +13d +1ss
. . 24 30 +41 +4B| +55 | +nd ¢8| +BR| #11B] +160| =218
deviations for shafts L0 oo lon | on ] oo | ol s8] v sos| +m] voa] 11z s1aa] 2| 28
4 50 54 +T0| +B1E #97 | +104] +136) #0180 +242| +12%
S0 [ s11 | +20 +32 + 41 +53] #mh] +RT) #1002 | #1220 +ldd] +1T2) +236| +300( +408
65 1] +43 +39] +TS| #L02| 120 | 146 | +1T4] +200| +2174| +360| +480
1] [[11] 13 2 +37 +51 +T1 91| #0124 #1446 | +1TE | +204]| +258| +335) +44%) #5835
W | 1 #54 [ 79 4104} #04d| #1T2 | 4210 ) +254) +300) 44000 +525| +600
130 | 140 #63 [ +92| 122 «1M0) +202 | +248 | +300| +365| 4470 620 +800
[151] +15 #27 +43| 65 | +100] +13| +190] +228 | +280 | +340| +415 +518| + 70| 4900
180 +68 | +108] +146] s210] 4292 ] 4310 | +380] +488| +e00] 4780+ 1000

0 +TT| #122] +160| #2360 +284 | +350 | 4425 +520] +«670| +A8D|+11%0

17 | +30 | +50 | &B0| «130] #0180 #258| +300 | #3185 | +4T0| +575) +T40| +960| + 1250
250 #RA | #0400 +196] +284) +30 +¢11j_+5m 4680 | +H20| 41050 =350
T80 #04 | +158) +21R] +315) +385 f-l-'-‘:'r'. +580| +TI0| +930 | +1200] + 1550

+20 | +H4 56

HHEIHBaE

ns #UH | #1700 +240| 350 425 | #5235 | 4630 = T90 |+ (000 |+ 1300 |+ 700
i - -
1k} 155 +21 +37| +62 +108 | #1090 +268| +39%0| +475 +1-"|llJ.. T | G0 | & DS 4 0500 | + 15900
355 £l w144 | #2308 #2194 +435) 4530 | +660 | 820 |+ 1000 | + 1300 | + 1650 | + 2100
40 | 450 +2 +40 | +68 #0126 | +232| 330 4490 +595 | +740 | #9320 |+ 1000 )+ 1450 | + 1850 | + 2400
450 Sy 132 | +252 | #3600 | +540 | +660 | R0 | +1000] +1250] + 1600 +2100| + 260
Grade Go 16
00| 560 | ool sau| o7 +150 | +280] +a00] +600
560 | &3 +155 | +310] +4%0] +660
L [ 30 +50| +88 #1175 | +340| «500) +740
T L] +185 | +380| +560| +840
+ !
B0 | 900 o34 | +356 | 4100 207 +aM)| 4620 +940
900 | 1000 #2300 | +4T0| +6HR0| + 1S
100y | 1120 40 +66 | +120 +250 | +520| +THO| + 1150
1120 | 1250 +260 | +580| +840) + 1300




Table for fundamental
deviations for holes

Fuadamemal Lower devaarion Ef {\pper deviation ES
tewee |a°| &) c|eo| o | E|er| Flre|cyn]r ! K M N
Cirade [T [ 7 L] o || &F |»F | =4 |8
Namangd i bet |
ther To # - # . & & ¥ * 3 - + +
= 3 ml 40 &0 X 14 i & 4 i o rl 4 & Q o -1 =2| -4 -4
3 6| IM| 140 T i1 o | 14 1] L] 4 o 5 L] o |=i+a| - =4ed | =4 |=8+d
] W) = 150 =0 0 15 ] 13 B 5 n 5 . 12 {=1+d] = =+l | =& |=10+3
o i N 1500 95 S al 1] -] a L] 181 13 | =l+d; - =T+d| =7 |-12+d]| 0
14 18
B M1 w0 1e0] 110 s|lo|-|of-]7]a 8|12 | |-2ea] - |-nea]| -8|-150a] 0
T
0_w| hy w1 w| w0 » 9| 0 w |10 | 2 |-2ea] - [-9ea| -9 |-174a] 0
0 %] 20 w0 10 |
'
n _» ""‘]I Wl 10 00 | & w|-|w|o 5 13 | mw | = |-24a] - f-irea) =11 [-200af 0
L4 ] B JHJl H | 150 L
|
IEETE w| -] e 2] 0 | E || 2| u|-eal - il -3 |-aeal 0
10 IIELM 180 H {
120 140 | 460] 0] 2w '
[CCUN L. 1] ml N0 [ 20 145 B3 - 43 - 14 (1} IK I 41 —}tdll = =15+ =15 1=27+4] O
W 10 | s 0| 2% |
180 200 | 660 0| 240 ]_
w0 25| 10| w0 20 o {wo | - | w0 s | 0 21w | @ |-4sa]| - |-17ea]-17|-3154] 0
ns 20| 20| 40| w0
= W - - o fmof - fsef - )0 2|36 |55 |-ssa]| - |-204a]-20]|-34s4] 0
w0 s [ios0| se0| 30
e K Mo Kl 210 | 128 & Lo l 2w |60 |-ssa] - |-2eaf-2|-32a] 0
335 400 | 1350 o660 | &0 |
1
5% hay M 40 0 | s w| - |»]ol B | e |-5ea -13+4| -2 |-a0+4] 0
450 N0 | [650) B40 | 480 | |
Grrade ot 16
sof ss| - -| - mofuws| - [w]-Jm]o 0 -2 -4
63| 00 -] - wofwo| - [w|-f2aulo 0 -3 -5
wolwm| - | - | - 0 | 170 | - | %0 0 M -56
woo| 12s0| - | - | - 350 | 198 ™ mlols 0 -0 -6
izsof 10| - | - | - wlm|-|w|-]w|o]] 0 -4 -7
o] om0 | - | - wlm| - | -[n]o 0 -8 -9

"In grades 7 to 11, the two symmetrical deviations + [T/2 should be rounded if the [T value in micrometres in an odd value by replacing it by

the even value immediately below

Special case: for M6, ES = =% from 250 to M5 (instead of =11}

"Mot applicable o spes up to | mm.
“Sot applicable 1o sizes op 1o | mm
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1.4 Fundamental tolerance unit:

1.4.1Values of standard tolerances:
T =100°2E-1(0.45 3VD + 0.001D)
G = Tolerance grade IT6 - IT 16

1.4.2 Fundamental deviations:
1.4.2.1 Shaft deviation:
For each letter symbol defining the position of the tolerance zone, the magnitude and sign of one of
the two deviations which is known as the fundamental deviations (upper deviation) “es” or lower
deviation “ei”
The other deviation is derived from the first one using the magnitude of the standard tolerance “IT”,
by means of the following algebraic relationship:
The fundamental deviation given by the formulae in above tables of deviations is, in principle, that
corresponding to that limit closest to the zero line, in other words, the upper deviation “es” for shafts
(a) to (h), and the lower deviation “ei” for shafts (j) to (Zc).

ei=es-IT

es=el+1IT




1.4.2.2 Hole deviation:

For each letter symbol, defining the position of the tolerance zone, the magnitude and sign of the
fundamental deviation (lower deviation “EI” for holes (A) to (H) and upper deviation “ES” for holes
(J) to (Zc),

The other deviation is derived from the first one, using the magnitude of the tolerance “IT” by means
of the following relationships.

ES=EI+IT

OR

EI=ES-IT




Example

Determine which type of fit is presented by H7/p6? For basic size of 30 mm determine the
dimensions of the hole and the shaft for the given fit. (Fit: 30 H7/p6)

Capital H means basic hole system
and upper deviation = zero

INTERFERENCE SHAFT
H7 :Tol Grade 7 mean 21u variation FIT \\\\\ S

©30.021

@®30.000 //A

HOLE

©30.022

p6 : Tol Grade 6 means 131
variation "
(p means upper deviation is 22 ) 5\\\\\\\

N
Fit: 40 H8/e6 \ e




et +I1Tn-1=ES +ITn

e

!

[ et -ITn=ES -1ITn-1

|

Figure 1.7: Two comparable fits, with basic hole and basic shaft, in which a hole of a given grade is associated with a shaft with
next finer grade (H7/P6 and P7/h6), have exactly the same clearance or interference.
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