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nLMN -NINIX"7 DN

v
. . [T .
PS | Guidelines - ><Wrong Right
o= E
To Provide adequate tool runout. Q ,
] ]
i 7 2222
To Aim for simple tool shapes. C
To | Avoid grooves and tight 2 wiad .
tolerances on inner surfaces. Q \}\\\\,\\\\\\‘
To Provide for adequate clamping. 0] 3: M E m
Ma | Avoid excessive machining, e.g. C i &
replace high collars by separate | 3
parts. — <
- ol ~F=1  fal S o
Ma | Adaptworking length and surface C I D R o o/
finish to the required function. e e ——S»

26

Figure 7.115. Design guidelines with examples for components machined by turning, after [7.180, 7.230]




NN T? -NINIX"Y

IO

v
PS | Guidelines = § >< Wrong Right
(= =
To Where possible, use boring tools C Vo ottt s
Ma | on blind holes. Q é//H Z/== a/‘/Fﬂ
To Provide starting and finishing flats Q
Ma | for holes breaking through angled
surfaces.
To Aim for continuous holes, C

avoiding blind holes.

Figure 7.116. Design guidelines with examples for components machined by boring, after [7.180,7.198, 7.230]
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DIOND -NIMIX'? PN

PS | Guidelines Right
To Aim for straight milling surfaces I . ﬂ]
(form tools are expensive); select T T S n
dimension for gang milling. W% 7,
; . — Ly ] — |
To Provide runouts for edge mills C §a I ' (4
(edge milling is cheaper than end Q l:fb - [ir\;! _j,
milling). i [ i — % . e ;
To Adapt runout to milling tool C = =-.
diameter. Avoid long milling cuts | |EL A
by selecting curved surfaces (e.g. ' :
slots).
Ma | Arrange surfaces on one level and C =)
parallel to the clamping. Q AR
sz

T
- )
y/

=

Figure 7.117. Design guidelines with examples for components machined by milling, after [7.180, 7.230]
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NO 919" -NIMIX'"? DN

PS

Guidelines

Objec-

tives

Be

Avoid complex bent parts
(material waste);
rather split and join.

Be

Allow for minimum values of -
bending radii (bulging in the com-
pression area and overstretching in
tension area) flange height and
tolerances.

R=f(t, material)

Q
ﬂa—f(l LR, material)

\\ T
h=f(t,R)
R |

Be

Provide sufficient distance
between pre-pierced holes
and bend.

e Sy

by &k

X2r+15-.5

Be

Aim at holes and notches to cross
the bend when it is not possible to
provide the minimum gap.

~

Q &

S

Be

Avoid sloping edgeé and tapers
in the region of the bend.

’ &>

=’

U e
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(2) nO 1919 -NIMIX"T7 DN

>< Wrong

)
PS | Guidelines 29 Right
o=
Be Provide clearances at the corners Q
when all sides are to be bent up. E_' §
Be Provide folded seam of Q
sufficient width.
Be | Aim atlarge access openings Q k.
for hollow shapes and C
undercut bends. r
t
Be | Provide stiffening at sheet edges. A a @&
Be Aim at identation forms. A ' :

<7

Figure 7.114. Design guidelines with examples for bent parts, after [7.1,7.19]
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Design for Manufacturability (DFM)
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Manufacturing Process:
Mill/Trrill Cnly

Select an instance for
failure details.

= @ Rules Failed[1/10] |
= @ Hole Depth/Diameter Ratio [Failed 1/3] L
. (%) Instance[1]
EI O Rules Passed[9/10]

~{+) Inaccessible Features
~{+) Mill Sharp Internal Corners
-{+) Partial Hole Rule
~{w*] Deep Pocket/Slot
~{+) Hole Entry/Exit Surface
-{w*] Holes with Flat Bottom
-~{+) Fillets on Outside Edges
-{+) Hole Intersects Cavity
31 -{v*) Standard Hole Sizes [Passei
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General Tolerances to ISO 2768

NIXN720VN 0'02 7V NITMY 001710 NY'APYT D'NIN D'IPA YNNWANT7 N1
:ISO 2768 |phn NnIXan

:(n"na niTMn) NIMXA'Y? DT Y 0'oNvIv

Tolerance class
Permissible designation (description)
deviations
in mm for ranges in f (fine) v (very coarse)
nominal lengths m (medium) c (coarse) y
O5upto3 +0.05 +0.1 0.2
over3upto6 +0.05 +0.1 0.3 0.5
over 6 up to 30 +0.1 +0.2 0.5 1.0
over 30 up to 120 +0.15 +0.3 0.8 1.5
over 120 up to 400 0.2 +0.5 1.2 2.5
over 400 up to 1000 0.3 +0.8 2.0 4.0
over 1000 up to 2000 0.5 +1.2 3.0 16.0
over 2000 up to 4000 - 2.0 4.0 8.0
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General Tolerances to ISO 2768

n"na nimn(Chamfer) nn'opi( External Radii) 11x¥'n oI'T 7w NiT'n 112y 0'01710

Permissible Tolerance class

deviations designation (description)

in mm for ranges

in f (fine) m (middle) ¢ (coarse) v (very coarse)

nominal lengths

O5upto3 +0.2 +0.2 0.4 0.4

over 3upto 6 0.5 0.5 1.0 1.0

over 6 1.0 1.0 2.0 2.0
NINIT NIT'A NIV D'0NTIV

Permissible Tolerance class

deviations designation (description)

in degrees and

minutes

for ranges in f (fine) m (middle) ¢ (coarse) v (very coarse)

nominal

lengths

up to 10 +1° +1° +1°30' +3°

over 10 up to 50 +0°30' +0°30' +1° +2°

over 50 up to 120 +0°20' +0°20' 1+0°30' +1°

over 120 up to 400 +0°10' +0°10' +0°15' +0°30'

over 400 10°5' +0°5' +0°10' +0°20'
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General Tolerances to ISO 2768

( FLATNESS) nimiwmi (STRAIGHTNESS) ninw' 1Ay 0'770 0'0a710

Ranges in nominal Tolerance class

lengths in mm H K L
up to 10 0.02 0.05 0.1
over 10 up to 30 0.05 0.1 0.2
over 30 up to 100 0.1 0.2 0.4
over 100 up to 300 0.2 0.4 0.8
over 300 up to 1000 0.3 0.6 1.2
over 1000 up to 3000 0.4 0.8 1.6

(PERPENDICULARITY) niaxt 11ay 0'77 n0'onviv

Ranges in nominal Tolerance class

lengths in mm H K L

up to 100 0.2 0.4 0.6
over 100 up to 300 0.3 0.6 1

over 300 up to 1000 0.4 0.8 1.5
over 1000 up to 3000 0.5 0.8 2

41



(SYMIMETRY)NIun'o 1Ay 0'7'70 0'o17I0

General Tolerances to ISO 2768

Ranges in nominal

Tolerance class

lengths in mm H K L
up to 100 0.5 0.6 0.6
over 100 up to 300 0.5 0.6 1
over 300 up to 1000 0.5 0.8 1.5
over 1000 up to 3000 0.5 1 2

(Run-out) n" 1 / nian 1Ay 0'7'7 001710

Tolerance class

K

0.1

0.2

0.5

42




nid'o

v VILY >
- mfﬁt:’:ﬁ;ﬁ’;‘::;r;i:ir;':;f:";*:; VIVWY? NIYT  ©
] S T gt N'OMANITN NN ©
. (DFM) nimix7 pn »
nonnN o
DI  ©
NN o
no 1919  ©
DFMXpress o

“-Qf'/wlx"b NNXIN )'70N >

i nire? niziao »

enter
upport



D'

ISO Standards Handbook - Technical drawings (2 volumes)

G. Pahl, W. Beitz, Ken Wallace ,"Engineering Design: A Systematic
Approach"

David A. Madsen,David P. Madsen ,"Engineering Drawing and
Design"

James G.Bralla ,"Design for Manufacturability Handbook”
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