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1 BASIC STANDARDS

[
Scale - UNI EN IS0 5455 Draw lines - UNI EN ISO 128-20 (current standard)
Scale 1:2
The "Scale" word can be omitted.
ﬁ. Fundamental
linetypes
Type Standardized scales
Magnification | 50:1 2011 10:1
211 5:1
Natural 1:1
1:2 1:5 1:10
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- 24 | Distanziale Ace C 10 1
I he tltle block 23 |Cuscinetto a_rull 1| SKF NUP 2305
22 |Ghiera M 25415 Acc © 10 1 [ uni s 2982
21 |Anello di tenuta Elastomer 1 | ANGUS § 207
_ 20 |Ghiera M 68+2 Acc C 10 1
P | Coflice . . 0 Note j
Rif. | Code: s - Do Qy 19 |Cuscinetto a rulli conlci 1 | SKF 32307
reseiriert o [ 18 | Corcasso_sinistra G—M Cu B 1 [ un 3043
— 17 [Dado M 108125 8 | UMI 55B7-4D
16 |Rosstta 11421 8 | uni 6583
== = [ el (e e T 15 [Vite M_10s40 8 | UNI 5738
‘)L‘ 14 | Cuscinetto o rulli 1 | sKF NUP 2307
e 13 |Ghlera M _35+1.5 Acc © 10 IR
Descrizione:
Descrpdion: 12 [Anslle dl tenute Elastemeri 1| ANGUS # 30-10
Prodotia: 11 [Albero conduttore Acc 16 Nicr £] 1
Product: | Sostluisce il: Codice: =
§4F’off Replices e ot 10 |Ghisra M B5«Z Acc © 10 1
& T 9 [Abero condotto Acc 16 Nior 4] 1
Derived from: 8 |coperehio ree G 10 2
7 [Vite M S=18 8 | U 5931
6 |Guamizionl Elastomeri 2
T | 10%6081T |16 Cr N dwondo 25 2 030 | Leminse 5 |Cuscinetto a rulli conlci 1 | skF 33208
1| 0301012 | Fe 37 pann 012 1 |0 | Tabhie 4 |Carcassa destra G—Al Cu B 1| Ui 3083
o = | | 3 |Ungustta A 16+10+45 Acc Fe 690 1 | UNI 6604-69
T = 2 |Ruota dentata hee 16 Nice 4] 1
2 o 2.5, 32 "
D248 345 (o v”o/»,l Clutatuts a3 UL 553 “-“”""I 1 |Anello elastico di sicurezzal 1|2 56 Un 7435
0| 8245 | 1451 143,560,103 4= N .. Description Material | g Note
N o ) I "
o T | Rl 1 s Tolleranze generali UNI ISO 2788 m K
[ P R — o (e e B H i
s | osogg | Medits| Meitdd | 10| Grado di precisione medio [ 151 G@— Miten Comia | [
UNI 5307 — —
- % BO*AGD v Ilm-u- 6 ].-.., Feno r.-.lm-.m
' Tt |MHL |m1m: F‘ N
TENDICATENA COMPOSTO —
DITTA GRUPPO CARRUCOLA o SCATOLA
aw'
Forle
N Soals 11
143.560.103.10 Gruppo E}@ Sy, ST
e 2/01/9

Position numbers (UNI EN ISO 6433)

= Each part, even if repeated in the drawing, must be numered only one time

* The numbering orded, preferably clockwise, can be defined following parts
importance, or can be defined following the assembly sequence.
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DIMENSIONING STANDARDS

Rationale

1
n [
|
L
!
i
1

UNI EN ISO 3040

DT. Dimensioning of cones
UNIEN ISO 1119

Series of taper and cone angles
UNI EN ISO 5261
Simplified representation of bars and sections
UNI IS0 129-1
Technical drawings. Dimensioning and tolerances

IS0 129-2

Dimensioning on technical drawings for
mechanical engineering

IS0 129-6

Simplified dimensioning on technical
drawings for mechanical engineering
UNI ISO 1080

M.U. - Morse taper tool shanks

UNI IS0 296

M.U. - Self-holding tapers for tool shanks
UNI 8822

Technical drawings for numerical control

Property S o
indicator symbol Description Associated property
Cylindrical feature or circular
4 Dlameies feature described by its diameter.
R Radius L){lmdncal l_paluru orc ll"(“lll:«lr
feature described by its radius.
Square feature with four equal
Square angles and four equal sides
described by its side dimension.
se Spherical Spherical feature described by its |
diameter diameter, |
SR Spherical Spherical feature described by its
radius radius.
~ Arclength Curvilinear dimension of non-flat
feature (e.g. arc length).
i Thickness | Two offset features defined by its
. (of thin objects) |thickness.
v Depth Depth of a hole or internal fea- ‘
ure.
Cylindrical (,ylludn(‘ali ljulo witha {L!l‘
e | bottom described by its diameter
counterbore
and depth.
v Couiitorstitk Circular rh;‘nntrr described by ‘
adiameter and angle.
Developed Length of feature prior to ‘
Q.
length bending or forming.
Indication of the extent of a
restricted area, used in
- Between
conjunction with reference
letters.




Recommmended dimensions

Edge size Edge type
=

+25
+1
+05
+0.3
+0.1
+0.05
+0.02
-0.02
-0.05
-0.1
-0.2

_?'5 Edges with undercut permitted, burr or passing not permitted |

.25 SO 13?1512[)[],[1/—

3 TAPER&TILT

Edges with burr or passing permitted, undercut not permitted

Sharp edges

T = T = 2 tan (E)
Symbol for taper:
1:5
mie="""
ilt=——= an 3
Symbol for tilt:
— 8%

Taper dimensioning

91

L L
Generic annotation Technological (turning on lathe)
- I \%M
- .
Functional (for assembly) %



4 THREADS

Coarse and
fine pitch

COARSE FINE

Column description: -

p | tard di Column description:
a) preferred stand ~1_1L C lqutl* ) a) preferred standard diameters
b) to be used only in case of necessity

b) to be used only in of necessity
¢) to be avoided, if possible.

¢) to be avoided, if possible.

Whitworth threading GAS threading

e
s 7 // S [Not sealed] [Sealedl ¢ ——
]Elﬂ ‘i 55" 1 l /%;'5;'1
2 fi— N7 Designation: G 1 % VI AR
Lj% Internal thread " ‘ m
& 8 Inter L3 | —r:zsAmm
L} nou
TET 7”30,
: - : tread 7
» They are defined by major diameter of internal and == M /
external thread: d=D [inches] . = R = i
| \ K
+ The designation requires the diameter in inches ESL) X Internal | " 254
A . 1 thread ==
followed by the “W” letter: 1% W A =N z
o S| S =S|S o
Sealed GAS threading Other pnf“' forms
Thread designation: A
a0 REACS N / l \ They are used for lead
External taper ed= R (R 1/2) 7 screws for their high
efficiency in torque
Internal cylindrical: Rp (Rp %2) transmission.
Internal tapered: Rc (Rc %)
oo B
o ]
i b S A They are used for very
(s ,lr ¥ 3 ] important connections
[ J A (airplane propeller). It bears
B N ;T 1 relatively intense loads in the
} 2 axial sense.

s i

1
External tapered  Internal cylindrical



e A0S
P
tan¥ =0
Helix e wd
inclination T~
angle _’,2*
Helix  ——_ |
~~~~~ | X £
~- | 25

Cylinder ——

Format: Md X p

d: nominal diameter
p: thread pitch (only for fine or non-standard pitches)

ISO metric profile

/-Develnped helix surface

Developed helix

Helix

pitch
P

=2
lHﬂlix angle
wd

H8
w.
— H
5H/B
PR2
H/a
EXTERNAL THREAD
P
AXIS OF SCREW THREAD




ISO metric profile

N hS
NN o
60“ =IN
N AELyme
> *IN
|
External I:"
threading [}
ol = =|S|e

5 :
H,=2H=054127p Internal threading

h, =%H =0.61343p External threading

Tolerance positions

Screw Nut

Basic size line

AL

Notation examples:

M10 - 4H 5H / 4h 6h (r=0.135):
@ 4H: nut thread pitch diameter,
@ HH: nut minor diameter,
@ 4h: screw thread pitch diameter,
@ 6h: screw major diameter,
@ (r=0.135) minimum fillet radius at the root diameter;



The screw itis a

mechanical element Head ThI’

constituted by a head,
a shank and by an
extremity.

Support
surfaces which
are planar and
normal to the
screw axes

Passing hole

r v

VL1

IRUUUUULN

ed fasteners

Shank

Screw fillet and hole chamfer

Thread end

;I:; l:l I:l ~ Whasher
mEmEE—
GEALs Nut
Point
Major Screwing lenght
diameter Pllt;:h S N L
groups (Short) (Normal) (Long)
Above | Up to Up to | Above | Up to | Above
0.35 0.8 0.8 2.6 2.6
1.5 2.8 0.4 1 1 3 3
0.45 1.2 1.2 3T 37
0.35 1 1 3 3
0.5 1.5 1.5 45 45
0.6 1.7 1.7 5 5
2.8 >0 0.7 2 2 il il
0.75 22 22 6.7 6.7
0.8 2.5 2.5 7.5 7.5
0.75 2.4 2.4 7.1 7.1
1 3 3 9 9
2.0 112 1.25 4 4 12 12
1.5 b b 15 15




<)
d)
°)
f)
g)

h, i, 1, m) Tapping screws with truss

Head style is is the configuration of the head
Tapping screws cut or form a mating thread
The self-drilling type does not require the

There are several kinds of slots, different in

screw or hex cup screw)
Truss head

Flat head

Oval head

Pan head

Self drilling tapping screw

—
H—
g
g

i

head and different slots

a .
c ‘
d ‘
of a screw e ‘
when driven into a preformd hole. \
f

preformed hole. Only for steel sheets

form, wich are used to drive the screw.

Manufacturing quality
Diameter | Precise | Medium | Coarse | Precise | Medium | Coarse | Precise | Medium | Coarse
Screw d 4 [i] - 4 f 8 4 f 8
da 3 5 - 4 f 8 4 7 8
Nut D, 4 5 - 5 f 7 f 7 8
"D, 4 5 - 4 6 7 6 7 8
5 N L
Screwing lenght group
Thread tolerances
Screwing Machullmg Thread Without coating Phusplhatunglur High tlhu:knelss
lenght Quality galvanic coating | galvanic coating
P reci Screw 3h, 4h - -
reciE Nut 4H - -
5 . Screw 5h, oh | 5g, 6g Bg bg hg, Og
Short Medium Nut 5H 5H 5G
Coarse Screw B - B
Mut - - -
. Screw dh | 4g dg de
Precise Nut 4H, 5H 4H, 5H 4G, 5G
M . Screw 6h | 6g bg be
Medium Medium Nut 6H 6H 6G
Screw 8g 8g Be
Coarse Nut 7H 7H 7G
P rec ise Screw 5h, 4h 5h, 4h -
Nut 4H, 5H 4H, 5H -
L . Screw 7h, Bh | 7g, 6g Tg, bg to, Ge
Long Medium Nut H H 7G
Screw Og, Bg Oz Bg Oe, Be
Coarse Nut 8H 8H 8G
The screws
a) Exagon head
b) Cylindrical head (socket head b



Screw heads

=
Head with screw-driver slot. It is
used for small sized screws that —
@ @ @ @ @ @ require small driving torque and

are seldom disassembled.

Screw heads

Some example of drive configurations

HEX CAP  SLOTTED PHILLIPS® CTL\EJTCH

TeN TRI-WING®  TORxe i o
Bigger screws require high - .
driving torque, so they are shaped

@ @ @ @ @ @ with a prismatic head to allow

the use of a wrench.
TORQ.SET® TRIPLE  MULT- CLUTCH  POZIDRIV® _BRINCE
SQUARE SPLINE TYPE G (FHEARSON)
o @

SCRULOX® SLAB HEAD SQUARE HEXAGON . - . ‘

Space of maneuver for wrenches must be at least 60 degrees.

Notation examples
Screw M10x60 ISO4014 — 8.8

Hex head, IS0 metric thread MI10, coarse pitch, shank length 60mm, material: steel class 8.8

Screw M8x30 UNI5931 - 12.9
Cylindrical head, hexagon socket, IS0 metric thread M, coarse pitch, shank length 30mm,
material: steel class 12.9

Nut M24x2 1SO4032 - 10
Normal height nut, IS0 metric thread M24, fine pitch 2o, , material: steel class 10

Nut M24x2 1804032 — 10 — Burnished

As above, with additional indication of the surface condition.

Nut A M10 UNIS448 — X2CrNil811 UNIG901
Wing nut, type A (cold forged), 150 metric thread M10, coarse pitch, stainless steel X2CNil811.

Notation examples

Washer 10 I1SO 7089
Plane washer for M 10 screw

Washer 12 UNI 1751
Spring washer for M 12 screw

Cotter pin 2,5x20 UNI EN ISO 1234
Cotter pin, stem diameter 2.5, length 20mm.

10



Undercuts

S

Fipn Seeger per aibers: dimensiond eq.

Fig, 85, Awelli dlastici pr fori: mmmm-. cemmtferi-
¢ dei rebtivg afloggiaments fcae},

atiche degli aneil & el alloggiaer

oA | 14 | [H BT
| bl T PR B
(] |— I 17 4 a5
ow { a3 BE
| o | a & |

’

[T ] a‘j 5 20
I'n | 5 EE | ] EE] g H]
| ® l— 1 21 | e 2t 42 | 24 | 25 2
| » il Y s | | = 25 1 ms o
| = EE R ] e | oo =2
| a 12 4 er 195 | == 45 ey %8 2
z | Toftaf ee | oms | | = 47 | 28| me ‘ @2
| = =23 £l 12 28 £t 24
44 4,
| = g 20 ® B |y 21 4
| = I__ [ 3 Mz o 52 | ar e 14
| = | 52 | = 2 T | ows | om
= | @ | e ® |’ 4| 3 | s =7
¥ 15 5 | a8 og 3 L] | s kird ] | Eod
= 52 3| g 3
M | % 15 a5 85 )
56| o | oms z 36 k]
] — a8 | =z LI B 4
% - | e @
| 4 B2
u | T' & | ma 0 f 58| a8 435 425
a [ | | s @ 80 | ms | oug
® 175 8 - (k=5 ‘ & | B2 L] 485 | 475
¥ o |87 | wr | oms 47 5 | M 505 485
i S N P Il el | ‘ P L Tl w5 | oms |
SRR sum 1w, ARELTT |7r|2wdamum9mn '———_ —— Tolbsraras: b1t gu g M43 Hilmdincag =19 H‘zpuumnmm
S i 2 del dipn i figwra 20 2 S —
S— — S tituesdo Ul & vocersn - — — Fig. 87. Diversi tip i aweli elastici o sezione
e awlhamfr:mulh(.'. tipo i figaew 52 (130 7473, Tabb, XXI, Aneiti ebsstici mv_ibn deftipo di figua 85 (LN 7457, cashinte

a3 194

P

Keys : types

Available shapes: Straight (B shape), Rounded (A :hﬂape}, Disk (Woodruff
shape) suitable for mounting at the end of tapered shafts.
f Rounded (A)

11



Undercuts: drawing representation

\ gola UNIISO 4755

gola UNI 5710

Splines

The Centering regards which shaft surface is contacting the hub surface and

allow the power transmission. It can be on:
+ Internal surface
+ External surface
+ Flanks

Iniernal centering
(Frequently used)

R )
SO\ \JW4
Flank centering (Involute section)

High power transmission

Ty
AT # NN
. v

External centering
(Automotive sector)

Table: ISO 4755

Following UNI ISO 6413

Spline hub
Parallel flanks

Spline hub
With involute flanks

12

Conventional representation

Spline shaft
Parallel flanks

oI

Spline shaft
With involute flanks




Spline definition
UNI 8953 (paralle! flanks with internal centering)

To define the spline dimensions it mandatory to specify in the following order:
# of teeth X; inner spline diameter, external spline diameter, assembly condition
{shaft), surface and thermal treatment (hub)

UNIB953 -6X23X 265 " o — — p— e
e mm Grandecza o| B | N Grandezza D | B | N

jf — 1 - === Gx 1% 14 14| 3 6

~ i 13 - N [ &= 13% 18 | 38| s

| 16 - == - 6x 16x 20 20| 4 [

| 18 - - =1-= 6x lBx 12 2| s I

al 11 - = | = % 2x M w8 6
(2|7 T a8 T )l 6 | 6 fx 2k 2 W& [

b3 €% 26% 0 | W | & | & £x 2x 12 uls I

. 8 éx I8x 32 n 7 3 G Mu M M T L]

n Bx 32x 3 | & ] Ex 32x 3 m| s ]

3 Bx 36w 40 40| 7 ] Ex 36 42 Q|7 ]

SHAFT az Sx 41x 46 6| K| B Bx 42x 4 @l e B
= 5 (siiding) 3 Bx 46x 50 50 9 ] B dix 54 M08 B
« 8 (sliding under load condition) 7] &x f1x 38 1] L] B Bx 52w 80 &0 | 10 B
«F (fied) [ Bx 56w &2 6| w | 8 Ex 56 65 & |10 ]
62 Bx 62x 63 o | 12 in Ex 62x T2 T2 02 B

n 0% 72% T8 wm| | w 10w T2k & 2 |12 ]

HUE B2 | 0k B2w EE B8 | 12 | 10 0% B2w 52 g2 1z | 10
= NT (not treafed after broaching) a2 I0x 92x 54 a8 14 10 0= gilﬁ: :?: :: }3

. aching 102 10 102 5 168 o8 | 16 | 10 10 102 % 11,

T (st after bro / 1z 10112 % 120 120 | 18 | 10 10 112123 128 [ig | w0

Tolerances

UNI 8953 also defines tolerances

Tolleranze sulle dimensioni

Tolleranze sul mozzo

Tolleranze Tipo di
sull'albero : mentaggio
non trattato dopo | trattato dopo :
brocciatura (NT) | brocoiatura (T) !
- . . ooy S
B D i d B D d B | D d
N - : [ [ — -
\ die | a1 7 Scorrevole (S)
: . ‘ : IR | S— —
: . E Scorrevale sotto
He  HI0  H7 HI1 | M0 H7 \ f8 ant g7 N
: | j P : PR L.
; hio o att 7 Fisso (F)
Tolleranze di simmetria
Larghezza ; i .
del vano 3 35-4-5-6 7-8-9-10 12-14-16- 18
© Spessore i | :
R . H ! oo o —
1 i
Tollcranza di Copoto | 0,012 | 0.HE : 0,018

simmetria t T a7 ' aT 7 a7

13




Spline definition

UNI ISO 4156 (involute profile, flank centering)

To define the spline dimensions it mandatory to specify in the following order:
# of teeth X; modulus, pressure angle, inner shape, tolerance, norm reference

ﬂ_ INT/EXT 24z x 2.5m x 30R x SH/Sf
Inner shape T IS04156
« P (Flat) .

* R (Rounded) T~

Definition
« INT (Hub) O R it
«EXT (Shatty | ———— == == = =

v v
EXT 24Z X 2,5m X 30R X 5f UNI ISO 4156

5 DIMENSIONAL TOLERANCES

i =0.45YD + 0.001D
I D= vV DlowerDupper
“"ﬂ A == ITn - IT(n—l)

IT = E; — E;

Deviations (shaft)

The deviation is an algebraic difference between a size (maximum
and minimum limit of size) and the corresponding basic size.

IT = dmax-dmin=39.9-39.6=0.3

IT = es-ei
- IT =-0.1-(-0.4)=0.3
o = S
§ < & es= dmax-dn = 39.9-40 =-0.1
© > ei = dmin -dn = 39.6-40 =-0.4
z QN @ o Z
.% o & 52 =
= o 88
IS - O = N >
] ] Z % &
7 z a3 2 3 £ -0.1
| : @40
In the drawing
SHAFT

14



4
. - o HOLE
Deviations (hole) g [
The deviation is an algebraic difference E P e yayd g
between a size (maximum and minimum 2 s /' S
limit of size) and the corresponding basic g 5] S/ / /
size. 5 S S /’
IT = Dmax-Dmin = 40.3-39.8 = 0.5 3 ~ © >y
Es = Dmax-Dn = 40.3-40 = 0.3 Q| v B S
Ei = Dmin-Dn = 39.8-40 = -0.2 sl § °|| % 8
iz < PR I Y IS — -
al =
IT = Es-Ei - g a g
IT=03-(-02)=05 = : I =
3| 2
8 2| = s
+0.3 / /
40 -
S
S

guulz= o,
Linea dello zero ef ffgg h ﬂ |U|-| U Hu‘;luu o Al‘\
i

1 "

b

T

Scostamenti fondamentali
o
g

b) Alberi (elementi esterni)

a

[l

Dimensional

2 10
25 12
15
18
21
25
30
35 220
40 250
46 290
12 |16 |23 |32 | 52 320
13 |18 |25 |36 | 57 140 |230 | 360 | 0,57| 0.89
10 |15 |20 |27 |40 | 63 155 |250 | 400 | 0,63 0,87
11 |16 (22 |32 |44 | 70 |110 [175 |280 | 440( 0,7 | 1.1
13 |18 (25 |36 |50 | BO |125 {200 [320 | 500} 08 |1.25
15 |21 |28 |40 |56 | 90 (140 (230 (360 | 56009 (14
18 |24 |33 |47 | 66 [105 |165 260 |420 | 660 | 1,05 1,65
21 |29 |39 |55 | 78 (125 |195 [310 |500 | 780 | 1.25| 1,95
25 |35 [46 |65 |92 |150 (230 |370 (600 | 92015 |23
30 |41 |55 |78 [110 |175 (280 |440 (700 |1100)|1.75|2.8
36 [50 |68 196 135 |210 {330 {540 (860 [1350{2,1 |33 |54 |86 |135 |21

Tolerance
numerical

values



Tolerance values definition

The values of the tolerances corresponding to the grades from IT5 to

IT18 for basic sizes up to 500 mm are calculated with the unity of

tolerance i.

Tolerance unit:

0.45YD +0.001D

Where D is the geometric
mean of the extreme
dimensions of the group.

Basic Standardized tolerance grades

8 size M [ 1T2 0] T3] 1T V] 178 | 178 | 177 [ 178 | 79 [ mi0] T1 | M2 [ T3 | ma | ms | me | i | e

otwe | fino Formule (risultatl in micrometri)

- 500 | — | — | — | — | 7 [ 1oi] 1ei] 25 | 4] eai | 100i | 160i | 250i | 400i | 6ai | 1000i | 1600/ | 2600i

500 | 3160 | 2 [27 (37| s | 7 | vor [ v6r | 21 | aor | ear | 1007 | 160s | 2501 | a00r | e40r | 1000: | 16007 | 25001

1) Veders A 321,

CLIAET P EA\AATHANMS
SAAFT DEVIATIUNS
Basic, Upper deviations es Lower deviations ei
size m a B
Tolerance grades (all) o, R Tolerance grades (all)

eosena | von | g1) [pY | ¢ |cd| d | e |ef | f |fg)g|h|}sd i k n[aprs t nleyxuabu
- | an| -270[-140[ -60-34| -20| -14|-10] -6 [-4] -2 0 -2 -4[-6] of o [+2] +4] +6[+10] +14 +18 +20 +26| +32| +40] +60
3| 6| -270|-140| ~70|-46| -30| -20|- 14|10 [-8{-4| 0 —2| -4| [s1] o [+4] +8|s12] 25| 410 v +28 +35| +42| +50| +80
6| 10| -280[-150| -80|-56| -40| -25(-18)-13 |-8/-5] 0 -2 -5| [+1| o |+6/+10]s15]219] +23 +28 +3 +42| +52| +67| +97
10| 14 | | | | +40 +50[ «+64) +90| +130
O B i OO O s “G of |3 gt ) TR i B e Bl O W % 47" +60 +77| + 108 +150
18| 4 | 5 +41| +47| +54| +63] +73| +98| +138] +188

300! - 160/~ —65| - > a 15422 +

2| 0| ~30[- 16010 b 2 l e | 8 [*3] O [*B[r1S*2| *B] *| | ap|+s5| 64| +75| +88| + 18] +160] 4218
30| 40| -310)-170[-120 ) +48| +60| +68( +80| +94) +112| +148| +200| +274
w| so| -z20f-1e0-120 |“®[-%] |-* BE SI10) J*2] O [ +O[#1T|+B] +34) +8| al L70| +81] +97 +114] +1368] +180| +242] +325
50| 65| -340[-190|- 140 ‘ [ +41[ +53 | +66) +87[+102|+122] +144f +172| +226| +300| + 406
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1000 | 1120 =P | [ +250| +520 | +780|+ 1150 S
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Tables of General DIMENSIONAL tolerances
UNI EN 22768-1

Tolerance class Limit deviations for foundamental dimensions range

Linear dimensions

Fom From

From
Designati Denominati Fromos | From3 | Froms F;'n;a 120 400 o From 2000 to
el toad to 6 1830 ! 1] o 1o 2000 4000
400 1000
t Fine + :
+0,05 +0,05 +0,1 +0,3 +0,5 -
’ ’ ' 0,15 0,2 !
m Middle A
+0,1 0,1 +0,2 0,3 0.5 =08 +1,2 +2
[ Coarse 1
+0,2 +03 +0,5 +08 i% +2 +3 +4
v Very A
coarse - +0,5 +1 +15 25 4 +6 +8

General tolerances for angular dimensions

Deviations are function of the length range (in mm) of the shorter
side of the considered angle.

foundaments
foundamental di Tolerance class

Linear dimensions

T
Denominatio F| 05903 bove 3 to above N
B[ Fom 0N e Above o abozet Desianation o Upto | Above10 | AbovesSD | Above Above
B | 2 BE————— esignation | - Denomination 10 1050 1©120 | 12010400 400
| Fine
+0.2 .5 +1
f Fine
Middle
£1° £0°30° £0°20° £0°10 £0°5'
m Middle
¢ Course +1°30° s1° £0730° £0°15 £0°10
v Very coarse +3° 220 +1° +0°30 +0°20

Recommended fits

H/f = free or loose running fits, high speed, poor centering
H/g - Medium and close running fits, normal speed, perfect
centering

H/h -> precision running fits, very slow sp. /ery precise,
lubrification

H/j.k.m - assembled by hands, not suited for power
transmision

H/n,p - fixed, assembling with temperature difference,

suitable for power transt
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mended fits

Example

FIT [ Application
-]
k-1 ¢ Amershly with bug clearance. Shadi, kevers
K- and srcubstan fre agnceliaral tracier
4 B w bee [Pecacn raqeiteITE T
g bree
& 3
nueing &
—_— - - 1T
=4 1=
k-1 1ELG High nussag speedd. with alwo defecin e
¥ | Hn centenng md ow loade Fston sad cylinder
é iy fil im Irydemalic actuoe
& Medum
naeing & |
o
] v Show musmayg spend, wihh good comrng
z ancd. Shafl mad (b bvans it
g Clone
a ruzing
= aAS High precmicn crntemag, xcially sldhng
= e Very slow musmng qpood, with stationsd o
B b oncillatng motion. Good hbwificaton.
E WRipat Cranck and coenccting rod fite. Sphere
Prociion |y g imicraal ring

Locational inteference fits

Shde

Shafubest fin
j Puscacybmder fu

Rotatmg fits
witk grod cemering

Shaht and (bewe) bk £
Witk goad hubeification

I‘ FIT l Application Example

Eh|n I

4 P Procion St of micriocked parts. Closs bat & \ Crlindica

g i | ‘sxsally sickny fis. Masesal secmbly with F \ locating pin
- traller <

- Locked fits. Not hasd dwmcstable -

= Parta aot anially kocked. Rotation prevesiod

‘2 Baxbes irtw hossizgs, prae with feather key . 33 Bush mucly inte
‘,d - tub houaty
£ I

el wn Lockad fin. Net hond disnosstablc o

=% 3 Wig? Capable of xxial load sd erpac iravamevea

Ky || e without keys o6 wplne shfta Patea/pesicn pn

7] Beadics sw0 bouungs 4o be zever domsousicd s

5 Heavy dave fit —

2 Laxkod parts with Sagh force. Not

g T duaszcustable withoet parts denagies
| '@ . High lead trasmieacn witew key. Drove bush
E Parrg impciiers = its housisg. foe touk

P Het force fit

Drawings

60°

25H

Basic graphic symbol. It can be used
alone only when its meaning is specified
apart

The surface must be obtained by
chip-removal

The surface must be obtained without
/ chip-removal. The symbol without other

must be left as obtained in a previous
machining operation, or without chip removal.
77777777 Symbol indicating a particular
characteristic of a surface state.

\ That characteristic must be
written instead of dots.

indication can be used to specify a surface that

indications

Ralé / Ha\17 Rals/
1SO 1302
16 / \ly 16 /

Surface with maximum allowed roughness of 1.6 um

UNI 4600

UNI 4600

1SO 1302

Surface with:
3.2 wm as maximum allowed roughness
0.8 um as minimum requested roughness

19
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Roughness Ra

Mm Applications
0.025 Active surfaces of micrometers, mirrors, gauge blocks.
0.5 Active surfaces of calipers, support surfaces for dial gauges.
0.1 Articulation pins, high precision cutting tools, superfinished bearings, watertight fits
at high pressures with alternating motion, sealing surfaces without gasket.
Crankshaft supports, camshafts, connecting rod surfaces, cam surfaces, cylinder
0.2 diameter of hydraulic pumps, lapped bearings, turbine shafts, watertight fits
' manually movable, guides of machining centers, high speed thrust bearings, shaft
of turbine rotors or gearboxes.
Spline shafts, crankshaft bearings, piston external diameter, cylinder diameter,
0.4 large electrical machine shafts, interference fits for press, valve stem, active
' surfaces of valve members and seats, crankshafts, white metal bushings, guides
and sliders.
Drums, brakes, broached holes, bronze bushings, precision parts, ground gear
0.8 teeth, active surface of watertight flanges without gasket, crankshafts, white metal
bushings, guides and sliders, valve seats for motorbikes.
16 Gear faces and holes, shafts, cylinder heads, iron gear housings, piston head,
) active surface of flanges with metallic gaskets.
32 Shafts and bearings for hand transmissions, coupling surfaces of dismantleable
' parts (flanges, centrings)
6.3 Active surfaces of flanges with common gaskets.
Manufacturing Roughness Ra (um)
processes Min Average Max
Sand casting 4 8-25 50
Shell casting 1 2-4 8
Microfusion (lost wax) 0.4 1.5-3 6
Chill casting 0.8 1.5-4 7
Diecasting 0.4 08-15 4
Forging - 8-25 -
Hot stamping - 4-12 -
Hot rolling 6 10 - 25 50
Hot extrusion 0.5 0.8-12 20
Hot drawing - 12 -
Boring 0.25 05-4 7
Broaching 0.2 04-15 3
Milling 0.5 0.8-6 12
Lapping 0.01 0.05-0.4 0.8
Grinding 0.025 01-15 6
Sawing - 5-18 -
Slotting 2 4-8 10
Turning 0.5 08-6 12
Drilling 0.8 15-6 12




ISO Cylindrical surface with diameter in mm Planar
tolerance d<3 | 3<d<18 | 18<d<80 [80<d<250| d>250 | surfaces
grade Max roughness Ra (pm)
IT6 0.2 0.32 0.5 0.8 1.25 1.25
IT7 0.32 05 0.8 1.25 2 2
IT8 0.5 0.8 1.25 2 3.2 3.2
IT9 0.8 1.25 2 3.2 5 5
IT10 1.25 2 3.2 5 8 8
IT11 2 3.2 5 8 125 125
1T12 3.2 5 8 12.5 20 20
1T13 5 8 12.5 20 32 32
1T14 8 125 20 32 50 50
Grinding undercuts
F
f Forma ¢ Ng.l b c !ﬂ:ﬁ Gola Diametro Z
= E | o1 | o4 | 05 | - | - |E0ix0d fnoa 16 PR %
Undercut of B e M W B o i
“E” type s e ‘
(only for cylindrical grinding) E : g:’ 2; M o E :;02 ﬁ 18 finoa 50
E 16 03 4 i bl E16x03 oltre 50 finoa 80
3 25 04 5 - = E25x04 otre 80 finoa 125
E B 05 7 - E 4x05 oftre 125
F 01 0.1 05 08 01 | Foix01 finoa 16
T A T T
) F 06 02 2 14 0.1 F06x02 olre 10 finoa 18
B F 06 | 03 25 21 02 | F06x0, otre 18 finoa 80 .
= F 1 04 4 32 03 F 1x04 oltre 80 s
e "
Undercut of 25 T o4 [ 5 %8 [ 93 [F2sx04 | oo 80 s _E
F 4 05 7 64 03 F 4x05 oltre 125 =

(13 2
F” type
(to grind cylindrical diameter and shoulder)

Gola E 1 x0,2 UNI 4386-75 rugosita R di 1,6m Particolare gola

o
///////// >
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6 STACK-UP ANALYSIS

Results with functional dimensions

First atte mpt

+ | UDL |+ | LDL

Dimension - LDL. | - U.D.L | Tolerance
#a- lst bushing head thickness - .8 - 7.2 0.4
b - Base width + 36.3 + 3|7 0.6
#a- 2nd bushing head thickness | - 6.8 - 7.2 0.4
c - Shaft lenght - 21.8 - 22.2 0.4
Total: | + 0.9 - 0.9 1.8
Goal: | + 15 + 05 1

Difference: | + 0.6 + 14

Talerance synthesis

+ | UDL |+ | LDL

Dimension - LDL. | - U.D.L | Tolerance
#a- lst bushing head thickness - 6.8 - yion: 0.2 0
b - Base width + | 30600 | | 36,200 04 e 7
#a- 2nd bushing head thickness | - 6.8 - yins 0.2 _0 2
c - Shaft lenght B I Rl I I 0.2
Tl | + | 15 |- | 05 1 b — 36+0-6
Goal | +] 15 |+ | 05 1 +0.2
Difference: 0 0
—0.3
c=22_,%

+ same recoveries applied.

Dimensional tolerances |

ISO: In the ISO standars the dimensional and geometrical
tolerances must be independently met and inspected following
the independency principle. From this follows the necessity of
explicitly declare the form tolerances on all the FOS. The
dimensional tolerance can be expressed in three ways:

© standard limits expressed by SO 286-1 (®40K 8 /hT).
The ISO/R 1938 standard requires inspection with go,
no-go gauges for hole and shaft and permits the use of
gauges with a minimum wear grade. Consequentely the
real measures of the FOS can differ.

@ Explicit telerance {:I:}, with the Tolleranza dimensionale
esplicita (4), with the possible addition of the envelope

using (). 150 8015 is in force.

]
Er 7l

March 230, 2022 903/ 1131

Erief compnson beeween ASME and O standands

Dimensional tolerances |l

@ General tolerances following 1SO 2768.
ASME Y14 5M: Rule #1 is the default. The standard does not accept

WOrn gauges.
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7 GEOMETRIC TOLERANCES

&2 0,7M)

Ly

A\, Frst comporfment \
Tolerance symbol

Toleronce veilve

A BM)

.
Second frame

__Modi
—7

CM)

1

~.._ | Additional compartements
~2) From 0 fo 3 for datums

fiers

< 0 0,7M

— I/.J\
A BI‘\I\_/,‘/‘

<

N
C L/]

Considerations:
@ normally the ASME standard is less restrictive than 150,

Type Characteristic Symbol | Datum
Straightness —
Form Flatness 7 No
Roundness O
Cylindricity Y o4
Angularity =
Qrientation Parallelism //
Perpendicularity J_ Yes
Position $
Location Concentricity @
Simmetry =
Profile Profile any surface [ Yes|[No
Profile any line [
Run-out Circular run-out /ﬂ Ves
Total run-out ”
Feature control frame
| |0,5|A|B
Datum
Datum label

List of datum target symbols

Geometry Graphical symbol | Indication
Point
N
Line I I
\xn/
Rectangular area E
Circular area W% Lf“_\\
% WX/

@ but parts that complied to |SO inspection were discarded when
checked following the ASME standard.

ASME Y14 5M: it focus on the functionality of the parts. High level of
detail of practical applications. Botton-up approach.

150

it focus on general theoretical aspects regarding the

geometrical description of the parts. Reduced practical detail.
The top-down approach has been developed under the
acronym GPS.

ASME Y14 5M: the surface to which the geometrical prescriptions are
applied is intended filtered with smoothing functions in order
to remove the effects of the surface texture!®,

S0

ar not.

it does not specify if the surface texture should be considered

The difference can be significant for very small tolerances, of the same
order of magnitude of the surface texture.
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If a planar datum feature presents a convexity form error its orientation

over the gauge counterpart is not well defined .

[SO: if the datum’'s form error makes it unstable, the form error
must be “equalized” determining an averaged orientaion for
the part.

All the geometrical requirements referred to the same datum
sequence must be independently evaluated. Mo simultaneous
requirement.

ASME Y14.5M: even if the datum’s form error makes it unstable, every
orientation can be considered valid for the datum candidate.
All the geometrical requirements referred to the same

candidate DRF must be simultaneously evaluated, respecting
the datum sequence and the material modifiers.
Simultaneous requirement.

Default ——

Table 1 — Specification modifiers for linear size

Modifier | Description Reference

i Twoe-point size 244

i Local size defined by a splivre

U

n criterion

it inscribed assovia

M

Minimum circumscribed association criterion:

i Minimax association criteria

@:} Circumference diameter (caloulated size)
(Y] i Area diameter {caloulated size}

[ Vohune diameter {ralculated )

E) Maxinmm size? A S
SH Mindnuun sizea 37222
T Average sized 20223
oy Median sizes 27224
() Mid-range sized 37225
@ Range of sizess FLLLE
@ Standard deviation of sizesd APLET

Remk-order size can be uged as a supplemant to caleuiated portion size or global portion

=ize or laral size (see 3722 and £.2)

Statistical maXimum

Statistical MiNimum

Statistical Average

Statistical Median

Statistical Range

Standard Reforance Conditions That Apply
on Drawing
I1SO 2768-K Invokes general geometrical tolerances
Invokes general geometrical tolerances and the
1SO 2768-K-E envelope requirement
Invokes general linear and angular tolerances and
1S0 2768-mK general geometrical tolerances
Invokes general linear and angular tolerances, general
180 2766-mK-€ geometrical tolerances and the envelope requirement

®eeB®eO

Statistical miD-range

24
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/18] 418 {]B| (=]|B] mrersecmionpiane

/18D LD 8D ORIENTATION PLANE

DIRECTION INDICATOR OF THE ELEMENT

<l <L) L] -Ac]
. COLLECTION PLANE

¢ r— — ] b
SN S sp— Y
S— — O

/: ..... 5 a

C

a) Tolerance indicator
b) Indication of planes and features
¢) Auxiliary Information

(¢l

(&) R COHEND
[ gé H
-
T
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8 TABLES

UNI 7435

dj=10+160

o= 170

Exarmgle of designation for a relaining
ring for @ shall with diarmeter o), = 30 mm
Retaining ring LNT 7435 « 30

| The mreasirnum avial load supported
Whﬂi}ﬂdhmmm
. Loed Lond, e syrrbel T
. HRC =47 + 52
' n

iy oy rar.JL:ra; n| F,ld | s s dy | dy | my | omy L n|F,
H 1 2w, i | KM L REEET TR e HI 3 imin, poin. | |kN)

4 2205 0603 03| 95 91,8 [TEINTE 12%

5 10,7/0,7 | 0,8]0.3 038 100 3 mh'z gas iz | 7 | s

6 ; 56| 12.2/08 0904507 105 10 98 | 126 162
208 76 74 152091 12 (1o 10% 103 132 170

IE 8.6 | 86 164 o | L35 115 111 108 138 T“.
10| e 193176 sl (e (113 43 185
12 .5 | 196 0,75 2.3 125 121 s 149 6 193
141 134 129/ 22 |10 1,209 | 3.25] 130 126 123 153 201 |
15 14,3 [3.8] 23,2 .14 135 131 128 | 1al 2049
16 152]  [14.7] 244 Lg |49 140 136 133165 217
17 15,2 15,7 25,6 152145 4 4] 138 171 225

18 17 16.5] 26.8] 3 69 [ 150 145 142 177 |4.15] 4.3 280

0] ,[19 18.5] 29 WAIEREAN IES 150 146 | 182 300
2217 |21 M5 314 ’ £.45) 160 155 151 | 18R 310
25 238 (2332 343 1,7 (106 | 165 164 1155 193 320
28 266/ (259] 384 o 3 f1T0] [ies | 1605 197 5329
30 L5 28,5 170 41 16 1.7 162|175 170 1655 202 - E‘
32| (303 200434 " " 2s 21 18D 175 1705 208 345
35 33 122 472 3 26T 18RS 180 175,57 213 338
0] .. [375] [363[53 1582 |ag PEL[190 185 1805 219 335
43 42,5| o415] 594 4i 200 195 1905 229 327
A0 47 458 4.8 3T | 210 204 198 | 234 488
55 2 (32 08| 704(2,05 23] B2 |220 214 208 249 512
60 57 55,8 758 a5 P9 _|230] 24 2R 259 9 [535]
65 62 T RS 240 234 228 | 260 529
70|, [67 ] 165.5] 87,2 2632y P05 |250] 5 244 23R | 279/5.15( 5.3 503
75 72 T0.5 023 R6 | 260 352 245 293 544
80 76,5 T4.5] 982 107 [280 272 255 | 303 9 508 |
ANERETR 7950104 |, ] ,[s3 114 290 232 265 313 491
T 86,5 (w5 [T 121|300 292 285 333 473
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UNI 7437

dy= 170

Exampla of designation fora
refaining ning for an hole with
- diametard| = 30 mm:
Retaining ring LINI 7437 = 30

The: maseirraam aodal load supporied
bry thes ring i indlicaried in
the tabrfe with the symbal F,

HRC =47 + 52

oy | o8 iy dy | g g omy onm | F : dy | dy | my|ms| B | F,

WD beeese.| o, HIS smairs, amiei,) [KM] bl 1| e, | pendf, H 13 |peie | anaira. |[KIN]
15 157 162 7 1.1 422 95 OG8.5 15 764 133
ﬂ EHI] 173 7.7 12 S 15 10D 3 ]t!l-.ﬁ'HIllnS,E 8l H15) 53| 5. 1))
7] (7R [183[ 84 LT[ 547[105] (109 112 | 856 168
1% 149 195 &89 ' : TS 110D 114 117 ae.2 176
20 21 21,5106 L5 7R N5 |19 122 93 | 184
22 23 2315129 B AS 120 124 127 uy 142
2d 252 259 14,2 116 125 1249 132 102 G199
25 262 [269]15 1812 130 [134 137 107 7
20 |3 272 279 15,6 13 14 125 | 135 134 142 113 215
287 [294] 01174 P EEEN [EO NIt 147 117 223
Al il4 d2 114 137 | 145 144 152 122 231
|32 337 [34.4]202 26139 [150] 4 155 158 125 |4.15]4.3 W00
I PREL FA[BA[ T Ty (269 [155]  [160 164 130 W9
3T O|3498 FDH|25 : : L I R 165 169 133 1L
a0) 35 (835274 0.5 [165| (170 1745 135 319
42 . 44 .5 45,5|249.2 425 | 1T 175 1l'."‘J,S 145 134
51747 s 112983 [316 WES 238 s fiso (M isas 1ae [T
47 449.5 A(0,533,.2 435 | 180 185 1595 153 45
5 53 sa236 |71 [e07 [185] 190 1945 157 | 340
52 55 56,2376 603 (190 (195 1905 162 40
55 7 5K 50240 4 318 23 G35 | 20K 205 M5 171 125
5% &1 62,2432 % 6.5 |210] |21 232181 00
i) ik i, 2444 4.5 | 621 | 220 226 LE R L) 522
62 65 66,2 46,4 61.7 [230] [236 242 (200 | 9 (549
70 T3 T4.5[53.4 842 (240 (248 752 211 525
EE 5 T3 T5,5|55.4 3 66 2 & BhS | 2500 5 256 22 221 515 5.3 S04
75|77 [78 795584 7 o0 [260| 268 275 227 240
=i Hi5 35,562 112 280 2HE s 247 12 S
ER . (383|905 ﬁ'ﬁ.ﬂ-.z 15'33'5,3 1o [290| |298 W05 257 482
_':lLl ) 91,5 55,5 ?l.H_ ) | : | 126 00 308 315 _L‘ﬁ? | 465
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UNI 6604 - Parallel keys

] A =]
S GEED R
4 | % s
L ©
B
Sl 1 ) swaignt
L

Shalt diametar KEY KEYWWAY
i b Tod on L SHAFT 5 HUE
=5 22 [ &= 20 1.2 1
=B= 10 3= 3 —{, 025 6+ 36 1.8 +. 1 .4 i1
==12 | Fwd o BE+45 2.5 1 1.8 . L]
=207 S 10 = 56 3 23
~ 7222 v B S e T 33 28
=22 30 | Bx7 [ 1§ =00 4 33
= 30 & 3R 108 —11136 2= 1110 4.5 33
=38 =44 12xH 28 = 140 ] 33
= a4 — A0 14=9 ] KLY — 16401 5 02 iR +0.2
= 51 = 54 | A (1] —hi43 45 = 180 f 0 4.3 . 0
=58 = 65 [&=01 S0 = 20K) 7 4.4
=065 & 75 2012 56 = 2] 1.5 4.4
=T33 <R 2Z2=14 ] 63 = 250 q 54
=55 £ 08 285x04 —052 0= 280 0 54
=95 =110 ek 23 [ A = 320 11 6.4
= 110= 130 3218 1 = 3640 I 74
e P T Jh=20 10H) = 40 12 4.4
=180 170 | 40x22 | o (110400 | 13 e o4 |t
= 1702 206 45x25 o 125 £ 40N 15 4
=200 =24 | 50x28 140 = 406) 17 1.4
Unified lenghts: & 8; L0; 125 14, 18, 20, 22 25; 2H: 32 36 Qi 45 500 56; 63; T0; 80; 90; 100; 125;
140y 160 [80: 200 200 250 2800 30 360 400 mm,
41,2 #0013 +0, 3

Toleranceso on the keyway lenght: wpwe 28§ mm; abees 28 upio 30 5 mim; abesa B0 0 mim.
Key tolerances:  an# h9on bl b9 for square section . hll for rectangular section
Keyway tolerances on b; for the hut L0, 159, P9: for tha shatt HY. WY P9,



UNI 5266 - Dimensions of the Groove for V-belt pulley

_1 Wq o
o)
|
c
BIING |
NN
TR
Type of profile W b W Tolerance )
Standard Narrow d e e ¢ on size "e" Foin
Y - 53 1.6 4.7 8 =03 5}
Z 8.5 2 7 12 +023 7
S5P7 ) = 9 -
A 8.7
SPA 1 2,75 - 15 +0.3 9
B 10,8
SPB 14 35 13 19 + 0.4 115
C 143
SPC 19 48 19 25.5 +0.5 16
[B] 27 8.1 19,9 37 = 0.6 23
E 32 9.6 234 44 5 =07 28
3V - 0.6 8.3 10,3 =04 9
sV - 1.3 14 17.5 +0.4 13
LAY - 2.5 23 28,6 + 0.4 19
G fil Reference diameters d,
roove profile o =38 o.=36° o =34° o=232°
Y - =6 - < Bl
7 - S5FZL = 8 - = 80 -
A - SPA > 118 - <118 -
B-5PB = 190 - = 190 -
C-SPC =315 - <315 -
D > 475 <475 -
E > 600 < 600 - -
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Pulleys for flat belts are constructed with a slightly rounded outer profile to achieve belt
stability on the crown

]
1

BET SecTren

AR

- a w

h=(0,5+0,7%)b

GAS THREADING

FILETTATURE UNIFICATE AMERICANE FILETTATURE EG FILETTATURE PG
[

[ [ et
“ﬁ? BSP(G) Tnme BSW(W) = UNF M EGM i otz
ISO METRIC PROFILE = f
EEEEF] ECEED
s
Ll 30 :R‘; A
1 840 i 125
i e
1 1258 Fil 35,50
it .
-

=
B2 a2 LLA
o8 & L¥
(123 EXT
1o 3 EXTN
* 3 i)
e ]
= Eer 245
DM T T [ emm
: N T
3 e 5
w50 FL 758 BT
oG e a5 | aase
il 800 1
(i1 san :
o] e 2
(111 [T
Gae ] 1666 o ;
100 Ti00 7 3
s i o i :
" 1500 Rec
L 1280 Conictia 116 2 4! X
& o 3 TR o - i
5] 2= S o I :
Z00 20 1500 Bp 1L il 43,00 L 820 3 C
e ] L1458 [ 5650 hcld 11,00 = T n T
L hesir 1400
e nEs e —
& o e el
T ol 2 | s
0 mee v | oo | 55
[ e se] e | 700
— M ] 450 | ?:: l!: PO )
R I
L0 | woe
T gase
T T | gm0
Mt g0 1 ghoe
I | guse
200 1800
0%
KR s
B . 2=
sas0 7
i o o
TN 2 .
[N ) ; 8,20
a5 0 F I||m
[ snse T 3 X 1 3 325
400 1-1p08- BT 5 TioT 1 r 1230
S T 5 T 3 s
L snse ETz 5 - 1 3 1238
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ISO 4762 SOCKET HEAD
CAPSCREW

=

iR

—
b
k
dk t
Thread,d P b
MMAX MIN MAx MIN MAX MIM MIN
M1.6 035 15 3.14 286 16 1l4s 158 152 a7
M2 04 16 358 362 2 186 158 152 1
M2.5 045 17 468 432 25 236 2106 202 11
M3 05 18 562 532 3 286 258 252 13
f4 a7 20 722 672 4 3.82 308 302 2
M5 [HE:3 2 872 828 5 4 82 495 402 25
ME 1 24 1022 973 & 5.82 5.14 5.02 3
ME 125 28 1377 1273 8 7.78 6.14 6.02 4
W10 15 3z 1637 1573 10 .64 8175 8025 5
M12 175 e 1827 17.73 12 1157 10.175 10025 &
14 2 40 2133 2067 14 1357 12212 12082 7
M16 2 44 2433 23.67 16 1557 14212 14032 8
W20 25 52 3032 2967 20 1948 17.23 17.05 10
24 3 &0 3639 3561 24 1348 19375 19,065 1z
M30 35 72 4535 4481 30 948 22375 22065 185
M36 4 84 5448 53.54 36 3538 2775 271065 19
M2 45 96 6345 6254 42 4138 3233 3208 24
W48 5 108 7246 7154 45 4738 36.33 3608 28
W56 5.5 124 24.54 83.495 56 5526 4133 4108 34
Med & 140 96.54 95.46 &4 63.26 46.33 4608 38
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: ~ - -t
I Tolerance position
A
Ll The | 4 L
B I'he ISO system foresees
N <y 27 positions, designated
D JL ’
DE L MNp Linea dello zero _~ > . P
| & HEGG”{ ﬂ g readelozen o with capital letters for
Inffzeeey,,, e
4 1 |;\‘;ﬂ,f],;r\zs | holes and lower case
: A 7c
| z¢
| - F, Y
| I letters for the shafts.
oy . ve
a) Fori (elementi interni) E‘er}y l)OSlthn ls detll]ed
3
by one of the two
J
iz deviations, that is called
IR '
. L y 223 ei -
3 ML | fundamental and defines
Soat , Linea dello zero efffgg h ; FJ r® 3 e
s e the limit nearest to the
g e IS I—“ - ! . -
- S
7 fl ' basic size.
A v v f
1 b) Alberi (elementi esterni)
a
SHAFT DEVIATIONS
[Basic Upper deviations es Lower deviations ei
; [ o m
m [ teyond 5
pLee Tolerance grades (all) o . B ED Tolerance grades (all)
aenosf upo | af) oW | € |ed| d | e fg|g|h|}? i k m|anlp|r]s]|t]|u Vll ylxlnnu
- 3| -270(-140| -60|-34| -20| 14|~ -4|-2|0 -2 4(-6( 0 0 +2| +4 | 46| +10| +14 +18 ‘O?C' | +26] +32| +40| +60
3| 6| -270|-140| -70|-46{ -30| -20 -6/ -4| 0 -2| -4| |+ o [+4] eB[e12] 18] 419 sl |28 | +35] +42| +50| +80|
6 10 | -280|-150| -80(-56| -40| -25 -8[-5/0] -2| -5 +1 0 +6 ‘ius +19| +23 +28 +34 | +42] +52| 67| +97]
SZ ;41 -150| -85 ) ) i 16 oo i T ) IO R R R R R I R &;"g 63» :%} :Z}: :% .::v
I o ; = ey g +a1| +47| +54| +63] +73] +98] +136 + 188
24| 3| ~300|-160}-110 -65| -40 -2 -7 ol 4| -8 ‘ 2l o 8l+15|+22 .2&{ 35 .“{ i .551‘54 '75| +88 + 118/ +160 ‘zal
30| 40| -310[-170[-120 . 2 +48| +60[ +68| +80| +94| +112| +148| +200| +274
40| 50| -3e0(-180|-130 i i ]'25 il S5\t [+2] 0 [+9]47 |26 | +34] 44| (ol Conl Lat| va7) +114] +136] +180| +242] +325|
50| 65| -340(-190|- 140 N | [ +41) +53 .ss( +87}+ 102|412 +144] + 172 .226‘ +300| + 40|
65| o0 -0f-200|-1s0] "' 60| |- SO0 TR |7 O M|+ agf 459 | 75| +102]+ 120] 146] +174] +210| +274| +360| +480)
80| 100 | -380|-220|- 170 ol Ll Lalela [l Lal o [ a7 | #81| #71 | +01| o128 146|0 178] +214) +258| 4335 + ads| 585
100{ 120| -410|-240[- 10| [0 -2 |-%| |-12[0 g Bt I i L L Il Rl -1 S +104) + 184 17212 210| +254| +310] 4400 +525) 4650
120 | 140 | -480|-260|- 200 £ +63| +92 | +122] +170[+ 202+ 248| +300| +365| + 470 +620| +800
140 | 160 | ~520|-280(~210 -1454 -85 “43 14‘ 2 -11|-18| [+3| © [+15[427 [+43 | +65[+100 +134] 4190 [+ 228+ 280| +340| +415{ +535 | +700] +900
160 | 180 | -580|-310|-230 8 | +68+108 | +148| «210}+ 252|+ 310| +380| +485| + 600/ +780|+ 1000
180 | 200 | -660|- 340|240 o TT| 4122 | +166] +236 |+ 284+ 350| +425| +520| +670| + 880|+ 1150|
200 225 ~740|-380 - 260 - 170{- 100 -50 15‘ 3 13|-21 +4 0 +17[ 431 | 450 000 +130 | 4180 + 2581+ 310|+385| +470| +575 ‘740‘ +960|+ 1250
25| 250 | -ge0|-420[-280| | gL ‘ | +84|+140 | +196| + 284} 340|+ 425| +520| +640 »ezoi.msoum
250 | 280 | -920|-480|-300 [ N 2 — | +94|+158| +218] + 315+ 385+ 475| +580| +710] +920 |+ 1200+ 1150
260 | 15 |- toso-sdof-az0| [1O[=10) (=8| [0} [~16)-H) |+d| O [ ’3"*'” +98) +170 | +240] 3350+ £25+ 525] +650| +790]+ 1000 s 1300} 1700
| 15| 355 |- 1200|-600|- 360 INEXMI I ] ]+ 108| +190 | +268| + 390+ 475]+ 590 +730| +900]+ 1150 |+ 1500|+ 1900
[ 35| 400 4350‘-550-100 210(-125| |-g2| |80 g |-18]-29 [+4] O "2‘ +37 | 462|710l 3208 | 294] + 408 s 50| 660| +B20] 1000|1300+ 1850+ 2100
- 1500~ 760/ T T T ’ 41450+
B EREBEE Lol el bl elal [ el 22 8 R 2
500 | 560 I - . wl | | . —|+150{ +280 | +400| « 600/
ssgg s?g 72501' NiR 176 -22! 0 él lgl, 0 T‘?ﬁ 07447 “Eﬂ':g: ‘g;g ‘x 2ig Ohndqmpntal
‘ +175]+340 | +500] +
[ 70| a0 1 -20-100| |-80| |-a4f0) 8 [ [of © fro0| 50 [+88 |3 et 00|+ ssol <+ seol d t f
800 | 900 = s § T [ [ +210] +430 | +620] +940 ‘Vlﬂ lpn or
900 | 1000 7_20\7'10 -86 l-?ﬁ\ﬂ | 0 0 + 34| +56 9100‘220 +470 +1050
1000 | 1120 [ T J | | i +250( +520| + 780+ 1150 ‘ ch ft ‘
| »079-4 1] [=[e| | P] 0 [rd0| +66 [+ 120/ 200 ’ﬁﬁ‘i g S q
1400 | 1600 | [%oj-20) [uo| [-fo) | 9 | i :ggg o f‘gﬁﬁ |
i ol el [ [ Ll ke |
| 1 +400{ +920 |+ 1350+
2000 | 2240 | |+ 440+ 1000] + 1500} + 2300
2240 [ 2500 i o M B "“I 195 0 ‘nmi.veso,zsoo
2500 | 2800 | ¢ | - |+550(+ 12501 + 1900]+ 2000 |
aolsso] || o ] I i O s AR +240], sso]. 1a0] 2100} 3200 Il |




Tolerance postion:
for shafts

i «from a to h the
>Linea dello zero o/ R 2 b {k = S8 fundamental deviation is
H ﬂm the Upper deviation, and
. is negative
il from | to zc the
b) Alberi (elementi esterni) fundamental deviation is
the Lower deviation, and
it is positive
is position of a shaft
whose superior deviation
is zero

L{
4 |z
| it 1

ruVv

Scostamenti fondamentali

in j and k the fundamental deviation vary with quality (IT Grade)

for j, only the tolerances 5, 6, 7 and 8 are allowed. For j8 it is allowed only
for the dimensions up to 3 mm

for k, only the qualities from 4 to 7 are allowed (<3 and >7)

for js the tolerance zone is symmetrical about the basic size line

for t, only the dimension from 24 up to 500 mm are allowed

HOLE DEVIATIONS

F T P v PR
Basi Lower deviations Ei Upper deviations Es
asic
size Tolerance grades (all) mim(mp il m | m b Tolerance grades (>1T7)
=5 i wlcuo :arnclua 3 W | ow W bode|lals r|u[v X v!z un|lm|x
- 3 AZTO-'ILC“GC 3| 220 214 40| +6| +4 ] 42 +2 ]+ +6| 0 0|-2 2| 4 ) 6 10 14 18 20 [ % x & 80
3| 6| +270|+140 | +70 [+ 46 +30 | +20 [ +14| 410 | +6 ‘4|o [+5]+8[e10]-14a 40| 4|8+l 0 —|2| 15 19 -2 2 B|-2| -5 -0
[ 10| +280 [+ 150 | +80 [+56) +40 | «25|+18| +13| +8[+5| 0 5|+8f+12 (-1 -6+ -6+-104A| 0 15 19 23 28 k) Q 52 6 a7
0 W = S e | A » 5 | l = -40 | -50| -84 | ~90|-130
1a| 1a] #290[+150 | +85 »537 + 3 +16 +6| 0 +Blr10{+15 l: 714 71-12+A1 0 'f 2 5 3: B30 s 80| -77 | -108] - 150
B 2% a0 l160 s 110 65| +40 +20 70 +8[s12}s20 | 268 88 | 81154 0 22 | -28] -38 M| -a7| 54| -e3| 73] -96 | - 1961188
% % 1 4 48| -55| -64| 75| -88 |-118 60| -218
—— — s — | 5 —
30| 40/ <310+ 170 |+ 120 [ | 48| -60| e8| 80| -94|-112 |- 148 [-200|-274
+80 | + +25 . +10 [+ 14|+ 24 | 242 944 -ai-17+4] 0 -2 | - -4
0| 50| +320]4180 [+130 ol Bt J K e 5 ! ' % |- -8 gl 0| 81| -97| 114|126 |- 180 | 262|325
| 50| 85| +340|+150 [+ 140 e L S DR RS A 11al s1k26:al 0 ARIE 66| -87|-102|-122| - 144 |- 172 |- 226 | -300| - 406
65| 2| +30]e200|0150| [*1%0]*€0 il (] e e e i il il ] Joaai {3 | 43| -s9 | -75| - 102|- 120| - 146| - 178 |- 210 |- 274 | - 360 - 480
80 | 100| 4380 |+220 |+ 170 1 =] ) | P = ‘,_, 23+ 0 e 91| 124|146 - 178| ~214 |- 258 |- 335 | - M5 | - 585
+ 72 . + 12 16j+22|s - 48| -13[-23+ &
100 | 120] +410|+240 |+ 180 120} +72 % 2| 0 b . 54| -79 | 104 | - 144 |- 172| - 210 - 264 [-310 |- 400 | - 525 - 690
120 | 140 | +460 |+ 260 |+ 200 | 63| -9 [ -122| -170|- 202 248| - 300 |- 365 |-470 | -820| - 800
140 | 160 | +520 [+ 280 |+210 +145| +85 ' 43 +4l 0 +18 [+ 28[+ 41 | 34 15+4 | —15 [-27+A] O -43 85100 134 90| -228| - 280| - 340 | - 415 |- 535 700 | - 500
160 | 180 | +580 [+ 310 |+ 230 68| -108 | -146 | -210|-252|- 310| - 380 |- 485 |-800 | - 780 |- 1000
180 | 200 | +660 |+ 340 |+ 240 | | 77| -12 166 235|-284| - 350| -425|-520 |- 670 880 |- 1150
200 | 25| +740 (4380 [+ 260| |4 170 [+ 100 +50 +15) 0 v22(¢00[e47 | 403 | [-17eaf 7 [3144] 0 | <] 50 | -80|-120 | 180 | ~258- 10| - 385| ~470|- 575 |- 740 | - 960 |- 1250
225 | 250| +820 [+ 420 |+ 280 < 84|-140 | <196 | - 284 (- 340| - 425| - 520 |- 640 |- 820 |- 1050}- 1350
250 | 280 | +920 {4480 |+ 300 = Gl a 94| - 158 | -218 | -315|-385| - 478| ~580 |- 710 |-920 |-1200|- 1550
‘ +110 7 5 5 | 4 204 | -20 |- ol
280 | 315 |+ 1080 |+ 540 | + 330 10 [+ 110 158 L K L b e8| 20 (M 0 | o 156 | ool 0| oun | -350|- s2s| - 525 - 650 |- 790 |- 1000]- 1300]- 1700
g
315 | 365+ 1200+ 600 [+360| [ = | 3 2 108 | - 190 | - 268 | ~390|- 475 | - 590 - 730 |- 900 |- 1150~ 1500|- 1900
210 | +12 ¢ 438 [+ 680 | 4+ 140 | <21 |37+ D |-
355 | 400 [+ 1350 |+ 680 |+ 400 o R = b g i i i st S i e £ e 114 208 | -20¢ | 435 |- 530 - 660 - 820 |- 1000|100 1850 - 2100
| —_— —
400 | 450 |+ 1500 |+ 780 | + 440 &l S [ ]-126|-23 | -300 | - 490|505 - 740| - 920 |- 1100|- 1450|- 1850 |- 2400
| 4 . + 6 ) | = + 2 LENY 2348 | -23 |40+
450 | 500 |+ 1650 |+ 840 [+ 480 L jee) ® g e e b o 0| o |~®| yao| 252 | -390 | -540]- 60| - 820| - 1000 - 1280| - 1600 - 2100|- 2800
500 | 560 | [ s % % | e |-150|-280 | -400 | -600
560 | 630 + 260 |+ 145 6 2|0 0 -% -44 | g ] 155 | -3t0 | - 450 - 860
- 5 |
60 | 710 N = 175|340 | ~500 me N t
2 - =] =
ol e mlw| [w| [alo : o | o | g [l e ndamenta
800 | 900 = | -210|-430 | -620 | -0 ol
320 [+ 170 +88 +26| 0 0 -3 56 = 100 = t f
R — gl =l e deyviauon tor
30 [+ 195 v 2|0 0 9 | -6 (T |-120 »
1120 | 1250 = 260 | - 580 840 |- 1300 holes' ‘
1250 | 1400 1 | > 300 | - 640 | - 960 |- 1450 |
0 0 48 78 -1
by bpaes 390 [+220 +110 2 § L (B s e iy
b— = [ |-1 1
hasd s 4%0 |+ 240 | o]0 0 -58 @ |G |in|T0|-%0 - 120]-180
1800 |2000 > 400 | - 920 |- 1350 |- 2000
f2000 |2240 75 - 2 440 - 1000} 1500 |- 2300
| + 8 3 0 68 -110 =185
|00 wlaw| fw| lulo | % el el el a0l A = [T - IT(n-1)
2500 | 2800 | T 550 | - 1250| - 1600
b 145 7 -135 - 240
oan |31 | l 20 [+2%0 [ ‘38| 0 0 ‘ 7% 3 20| ol - aa0l-2100 - 00|

33



Dimensional

oo N

o o

Tolerance
numerical
values

3
4
4
5
6
8

Screwing lenghts

Maijor Screwing lenght
diameter P'IE,Ch S N L
groups (Short) (Normal) (Long)
Above | Up to Upto | Above | Up to | Above
0.35 0.8 0.8 2.6 2.6
15 2.8 0.4 1 1 3 3
0.45 1.2 1.2 3.7 3.7
0.35 1 1 3 3
0.5 15 1.5 4.5 4.5
0.6 1.7 1.7 5 5
2.8 5.6 07 5 5 5 5
0.75 2.2 2.2 6.7 6.7
0.8 2.5 2.5 7.5 7.5
0.75 2.4 2.4 7.1 7.1
1 3 3 9 9
56 | 112 125 4 4 D | 1
15 5 5 15 15
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Resulting tolerances

Thread tolerances

Screwing | Machining . . Phosphating or High thickness
lenght Quality Thread Without coating galvanic coating | galvanic coating
Precise Screw 3h, 4h - -
Nut 4H - -
S . Screw 5h, 6h | 5g, 6g 5g, 6g 5g, 6g
Short Medium Nut 5H 5H 56
Coarse Screw - - -
Nut - - -
] Screw dh | 4g 4g 4e
Precise Nut 4H, 5H 4H, 5H 4G, 5G
M . Screw 6h | 6g bg e
Medium | "edium Nut 6H 6H 6G
Screw 8g 3g 8e
Coarse Nut 7H 7H 7G
Precise Screw 5h, 4h 5h, 4h -
: Nut 4H, 5H 4H, 5H -
L . Screw 7h, 6h | 7g, 6g 7g, 0g t6, Ge
Long Medium Nut 7H H 7G
Screw 9g, 8g 9g, 8g Oe, Be
Coarse Nut 8H 8H 8G

‘ Undercuts: drawing representation

N\ gola UNIISO 4755

gola UNI 5710
P =

[ ro

oooo8 o
NN s

PR e e
» W

w

S HE

caeacacacaoacAacoacacacacacacan
S NES T BES o Hen o Ber o BRE o B9 ¢ SN ¢ SeC o g o 08 s B S

Table: ISO 4755
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