


































































































































































































































































































































































































































































































































































































































































318 Production engineering: 6.6 Forming 

Bending radius. Bend allowances. Calculation of blank size 

Smallest allowable bending radius for bent parts of non-ferrous metals ct. DIN 5520 (2002-07) 

Material Material condition 0.8 I 
I ihicknys S in1mm I 

1 1.5 2 3 4 5 I 6 
Smallest allowable bending radius rH in mm 

AIMg3-o1 spheroidized 0.6 1 2 3 4 6 8 10 

IL.I/ 4' AIMg3-H14 cold work hardened 1.6 2.5 4 6 10 14 18 -
AIMg3-Hl11 cold work hardened 1 1.5 3 4.5 6 8 10 

and annealed 
-

\ AIMg4.5Mn-H112 spheroidized 

II 5 straightened 
1 1.5 2.5 4 6 8 10 14 

AIMg4.5Mn-Hl11 cold work hardened 1.6 2.5 4 6 10 16 20 25 L and annealed 
AIMgSil -T6 solution annealed 4 5 8 12 16 23 28 36 

and artificiallv aQed 
CuZn37-R600 hard 2.5 4 5 8 10 12 18 24 

. 1) For bending angle u _ 90°, regardless of rolling direction 

Smallest allowable bending radius for cold bending steel ct. DIN 6935 (1975-10) 

Minimum tensile 
strength Rm 

Minimum bending radius1) r for sheet metal thickness s in mm 

in N/mm2 1 1.5 2.5 3 4 5 6 7 8 10 12 14 16 18 20 

up to 390 1 1.6 2.5 3 5 6 8 10 12 16 20 25 28 36 40 

390-490 1.2 2 3 4 5 8 10 12 16 20 25 28 32 40 45 

490-640 1.6 2.5 4 5 6 8 10 12 16 20 25 32 36 45 50 

') Values apply to bending angle a s 120" and bending transverse to rolling direction. Valu e of the next larger sheet 
metal thickness should be selected for bending longitudinal to rolling direction and bending angle a> 120". 

Bend allowances v for bending angle a = 90° cf. Supplement 2 to DIN 6935 (withdrawn) 

Bending Bend allowance v per bend in mm for sheet metal thickness s in mm 
radius r 
inmm 0.4 0.6 0.8 1 1.5 2 2.5 3 3.5 4 4.5 5 6 8 10 

1 1.0 1.3 1.7 1.9 - - - - - - - - - - -

1.6 1.3 1.6 1.8 2.1 2.9 - - - - - - - - - -
2.5 1.6 2.0 2.2 2.4 3.2 4.0 4.8 - - - - - - - -
4 - 2.5 2.8 3.0 3.7 4.5 5.2 6.0 6.9 - - - - - -

6 - - 3.4 3.8 4.5 5.2 5.9 6.7 7.5 8.3 9.0 9.9 - - -
10 - - - 5.5 6.1 6.7 7.4 8.1 8.9 9.6 10.4 11.2 12.7 - -
16 - - - 8.1 8.7 9.3 9.9 10.5 11.2 11.9 12.6 13.3 14.8 17.8 21.0 
20 - - - 9.8 10.4 11.0 11.6 12.2 12.8 13.4 14.1 14.9 16.3 19.3 22.3 

25 - - - 11 .9 12.6 13.2 13.8 14.4 15.0 15.6 16.2 16.8 18.2 21.1 24.1 
32 - - - 15.0 15.6 16.2 16.8 17.4 18.0 18.6 19.2 19.8 21.0 23.8 26.7 
40 - - - 18.4 19.0 19.6 20.2 20.8 21.4 22.0 22.6 23.2 24.5 26.9 29.7 
50 - - - 22.7 23.3 23.9 24.5 25.1 25.7 26.3 26.9 27.5 28.8 31.2 33.6 

Calculation of blank size for 90" bent parts cf. DIN 6935 (1975-10) 

L developed length 1) Developed lengttr) 
a, b, C length of leg I L=a+b+c+ ... -n.v l 5 thickness r , bending radius 

2) Calculated developed length 
n number of bends 

I} should be rounded off to a 
v bend allowance whole mm val ue. 

/' " Example {see iIIus.J: 

F · ···· ········ 
a = 25 mm; b = 20 mm; c .. 15 mm; n = 2; t = 2 mm; 

a 
r = 4 mm; material S235JR; v = 7; L = ? 

L V = 4.5 mm (from table above) 
L _ 8+ b+ c- n · v _ (25 + 20 + 15 - 2 · 4.5) mm = 51 mm 

'I If the ratio rls> 5, the formula for developed length (page 24) can be 
used. 
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Calculation of blank size, Springback in bending 

Calculation of blank size for parts with any selected bending angle ct. DIN 6935 (1975-10) 

.~" 'ow 

L developed length s sheet met. thickness Developed length1) 
8, b length of leg r bending rad ius I I ~ a , ~ v: v bend allowance fJ aperture ang le L =a+b -v 
k correction factor 

Bend allowance for fJ = 0° to 90° 

I C8lf-fl) ( s ) I r' -~f--
~ v = 2·(r +s) - n· 1800 . r + "2. k _ .. ----''--.. 

a 
L Bend allowance for fJ over 90° to 165° 

1800 _ fl C800-f3) ( s ) 

~ p > 90" to 165° 

V = 2 . (r + s) . tan 2 n· 1800 . r+"2. k 

~ , ~~~: 
Bending allowance for f3 over 1650 to 180° 
v ", 0 (negligible) Correction factor 

I k = O.65+0.5.I09~ I 1-.. _. 
a Example: 

L 
Bent part w ith f3 = 60°, a = 16 mm, b = 21 mm, r = 6 mm, 

Correction factor 
s = 5 mm; k = 1; V= 1; L = 1; 

t 1.0 ....- :. = 6mm=1.2; k = 0.7 (from diagram); 

0.8 
..... s 5mm 

"" V k = 0.689 (calculated by formula) 
" 06 £ (""" -P) ( s ) u 

/ v = 2·(r + s)-1t· ~ . r+"2 .k ro - 0.4 c I 0 (,""-60") ( 5 ) ~ = 2·(6 +5)mm-1t· 1000 .6+"2. 0.7 mm = 5.77mm u 01 • " " 0 L = a + b-v= 16mm + 21 mm-5.77 mm "' 32 mm u 

0 1 2 J 4 5 6 
1) For rls > 5 the developed length (page 24) is sufficiently accurate 

ratio rls - for calculations. 

Springback in bending 

5 a, angle of bend before Radius on tool 
tool springback (on tool) I" = AR· ('2 + 0.5· s) - 0.5· s l !l- a, angle of bend after 

r!!~ 
springback (on workpiece) 

" radius on tool 

~~- -- " bending radius on workpiece Angle of bend before springback 

k, springback factor I u, 
I " ".-/ s sheet metal thickness a, =-

kR 

Material of Springback factor kR for the ratio r·1l s 

bent part 1 1.6 2.5 • 6.3 10 16 25 40 63 100 

DCO. 0.99 0.99 0.99 0.98 0.97 0.97 0.96 0.94 0.91 0.87 0.83 
DCOl 0.99 0.99 0.99 0.97 0.96 0.96 0.93 0.90 0.85 0.77 0.66 
X12CrNil8-8 0.99 0.98 0.97 0.95 0.93 0.89 0.84 0.76 0.63 - -

E-Cu-R20 0.98 0.97 0.97 0.96 0.95 0.93 0.90 0.85 0.79 0.72 0.6 
CuZn33-R29 0.97 0.97 0.96 0.95 0.94 0.93 0.99 0.86 0.83 0.77 0.73 
CuNil8Zn20 - - - 0.97 0.96 0.95 0.92 0.87 0.82 0.72 -

EN AW-AI99.0 0.99 0.99 0.99 0.99 0.98 0.98 0.97 0.97 0.96 0.95 0.93 
EN AW-AICuMgl 0.92 0.90 0.87 0.84 0.77 0.67 0.54 - - - -
EN AW·AISiMgMn 0.98 0.98 0.97 0.96 0.95 0.93 0.90 0.86 0.82 0.76 0.72 
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Deep drawing 

Calculation of blank diameter 

Drawn part Blank diameter D Drawn part Blank diameter 0 

without flange d z d, without flange d 2 

~ 
D = Jd,2+4.d

"
h 

d, : 

D =J2.d,2+4 ·d, ·h 
~ 

with flange dz :-t with flange d z 

D =Jd/+4.d" h " 
..., 0== J2. d,2 +4· d, . h+(d/ - d,2) 

d, without flange d 3 ,I <: 
without flange d 2 

d, <: D=Jdl +4.(d,.h,+dz ./7:) D = Jdl +4. 11,2+4. d,· ~ 

II "' 1 d, .D 

"' 
with flange d 3 

d, with flange d 2 

0 = J d3
2 +4 · (d,· h, +dz ' h:2) d, D=Jdt

2 +4. 11,2 +4 · d, · hz +ldl - d,2) 

d, without flange d 4 without flange d2 

I d, I D = Jd,2 + 4.dz ./ 

~ 
D=J2 . d,z =1.414 · d 

d, 
" d, , 
" with flange d 4 with flange d 2 

d, D = Jd,z +4· dz ·/ +(d4
2 -dl) 0= Jdl+d/ 

Example: 

Cylindrical drawn part with flange dz (see figure, upper left) with d, = 50 mm, h ,. 30 mm; D = ? 

D = Jd,z+4 . d,· h = J5Q2 mm2+4·50 mm· 30 mm =92.2 mm 

Drawing gap and radii on draw ring and draw punch 

w drawing gap Drawing gap in mm 

s sheet metal thickness I w = s+k·~ 
I k material factor 

dcaW<Pe~ d blank holder " radiu s on draw ring 

blank '" radius of draw punch Radius of draw ring in mm 
rr<rst 

I I 
0 blank diameter 

', = 0.035· [50 + ID - d)]· ,Js 

~ 
d punch diameter 

d, draw ring diameter 
For each red raw the rad ius of the draw 
ring should be reduced by 20 to 40% . 

w . ,; ;;,g Drawing gap Radius of draw punch in mm 
d, I d - d 

I I I 0 
w= - ' -- 'st =(4to5)·s 

2 

Example: 

Steel sheet; D = 51 mm; d", 25 mm; 5 = 2 mm; W = 1; rr= 1; rst = 1 

Materiel factor k • = 0.07 (from table) 

Steel 0.07 W = 5+ k· fi""Q.S= 2 + 0.07· V1O·2=2.3 mm 

Aluminum 0.02 " = 0.035 . [SO + (D - d)] . {S '" 0.035 . [50 + (51 - 25)) . {z. = 3.8 mm 

Other non-ferrous metals 0.04 
rst = 4.5· s= 4.5·2 mm = 9mm 
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Deep drawing 

Drawing steps and drawing ratios 

o 
draw puncll 

o blank diameter 
d inside diameter of finished drawn part 
d, punch diameter for 1st draw 
d2 punch diameter for 2nd draw 
dn punch diameter for nth draw 
fh drawing ratio for 1st draw 
Ih drawing ratio for 2nd draw 
Plot total drawing ratio 
s sheet metal thickness 

Example: 

Drawing ratio 

1st draw 

2nd draw 

321 

draw ring Cup without flange made of DC04 (5t 14) with d., 
50mm;h=60mm;D=?;p,=?;P2=?; d,=?; d:2=? I ~2 ~ d, 

L-__ d..:.2_-, 

Max. drawing R " 
ratios') 

m 
Material 

p, p, N/mm2 

DCOl (5t12) 1.8 1.2 "0 

OC03 (5t13) 1.9 1.3 370 

DC04 (5t14) 2.0 1.3 350 

Xl0CrNi18-8 1.8 1.2 750 

D = Jd2+4.d·h 

,. J(5O mm)2 +4·50 mm· 60 mm ", 120 mm 

p, ,. 2.0; fi7 = 1.3 (according to table below) 

o 120mm 
d, = - = = 60 mm 

fJ, 2.0 

d, 60mm 
d 2 == fi7 == 1.3 =46 mm 

Two draws sufficient since d 2 < d 

Max. drawing 
R " ratios1) 

m 
Material Material 

p, p, N/mm2 

CuZn30-R270 2.1 1.3 270 A199.5 Hll1 

CuZn37-R300 2.1 1.' 300 AIMgl Hl11 

Total 
drawing ratio 

0 
Ptot - d 

0 

Max. drawing 
ratios') 

p, p, 
2.1 ' .6 
1 .• 1.3 

CuZn37-R410 1.9 1.2 410 AICu4Mgl T4 2.0 1.5 

Cu5n6--R350 ' .5 1.2 350 AISilMgMn T6 2.1 1.4 

R " m 

N/mm2 

95 

,.5 

.25 

310 

, ) Values apply up to d, : s .. 300; they were determined for d, • 100 mm and s.o 1 mm. Values change negligibly 
for other sheet metal thicknesses and punch diameters. 2) maximum tensile strength 

Tearing force. deep drawing force. blank holding force 

F, tearing force 

Fdd deep drawing force 

d, punch diameter 
, sheet metal thickness 

Rm tensile strength 

p drawing ratio 

Pmax max. possible 
drawing ratio 

h, blank holding force 

D 

d" 
blank diameter 

Tearing force 

Deep drawing force 

Blank holding force 

Blank holding pressure p in N/mm2 
support diameter I F. n (02 d 2 ) 
of blank holding force , ____ h_~___'4_· __ - _ h_ ·_P ___ -' 

Steel 2.5 

Cu alloys 2.0-2.4 

AI alloys 1.2- 1.5 

Example: 

p 

w 

blank holding pressure 

radius on draw ring 

drawing gap 

Support diameter of blank holding force 

I dh ::::dl +2·(rr+ w) 

0= 210 mm; d, .. 140 mm; s= 1 mm; Rm = 380 N/mm2; p,. 1.5; PmBx = 1.9; Fdd ,.? 
f1 1 N 1.5-1 

Fdd =1t· (d,+s)·s· R ·1.2· - =J(. (l40mm+l mm)·l mm ·380----=-::? · 1.2 · --=112218 N m Anax- 1 mrn- 1.9-1 
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Welding. cutting. soldering and related processes ct. DIN EN ISO 4063 (2000-04) 

N" 

1 Arc welding 

101 
111 

11 

metal arc welding 
shielded metal arc 

metal arc welding 
without I gas 

12 submerged arc welding 
13 gas shielded metal arc 

131 gas metal arc welding 
135 metal (MAG) 

136 

137 

flux cored arc welding 
with active gas shield 

flux cored arc welding 
with inert gas shield 

14 tungsten gas shield .. a.~ welding 
I , 141 

15 a" 
151 TIG 

2 Resistance welding 

21 resistance 
22 seam 

225 foil butt seam welding 
23 

N1) Method, 

24 flash butt welding 
25 I up,et ' I; 

3 Gas welding 

311 

312 

oxyacetylene welding 

gas welding with oxygen! 
flame 

4 Pressure welding 

41 ultrasonic welding 
42 friction I 

45 diffusion I i,,~ 
47 '9a, , ~ u; 

5 Beam welding 

51 electron beam I 
52 laser beam I i 

512 

521 

electron beam 
nonvacuum 

solid-state laser beam 

522 gas laser beam welding 

Nl) Method, 

7 Other welding methods 

73 electrogas welding 
74 induction I 

75 light beam welding 
753 infrared 

78 
788 

stud welding 
friction stud 

8 Cutting 

81 oxygen cutting 
82 arc cutting 

83 plasma cutting 
84 laser beam i 

9 Brazing, soldering 

91 
912 torch 

914 
924 

metal bath brazing 
vacuum 

94 soldering 
944 metal bath 

946 
952 

induction soldering 
iron j 

= Process ISO 4063-111: Specified welding process ..... manual arc welding (111) 

1) N Reference number for designating methods and processes in drawings, operating procedures and data pro-

Name 

flat welding position 

horizontal i 

transverse position 

overhead position 

I up I ; 

ct. DIN EN ISO 6947 (1997-05) 

Main position, description 

weld axis vertical, horizontal work, final pass 
attop 

horizontal work, final pass at top 

weld axis horizontal, horizontal work 

;: _.i,_ I work direction, weld axis vertical, 
,;nal pa" at 

work direction 

vertic. down position downward work direction 

General tolerances for weldments ct. DIN EN ISO 13920 (1996-11) 

1) I shorter leg 

Degree 
of accuracy 

A 

B 

c 

to 
30 

.1 

.1 

±1 

Allowable deviations 

for length dimensions 
!:J./inmm 

nominal size range 11) 

over over over over over 
30 120 400 1000 2000 
to to 10 to to 

120 400 1000 2000 4000 

.1 .1 .2 .3 • 4 
,2 .2 .3 .4 .6 

.3 ±4 ±6 ±8 ±11 

for angle ; 
!:J.a in ° and' 

nominal size ""' 
over 
400 

to to over 
400 1000 1000 

:t20' :t15' :t10' 

.45' ,30' .20' 

±1 · ±45' .30' 

I 
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Weld preparation cf DIN EN ISO 9692 1 (200405), 
replaces DIN EN 29692 

Name, Work- Weld preparation 
weld symbol piece Dimension Preferred 
weld thickness D" welding Remarks 

t Edge form gap b web c angle a method21 

pages 93-95 mm mm mm in 0 

Flare-V 

~ 
Thin sheet groove - ",? 3,111,141, welding, 

weld 0-2 , " - - - - 512 usually without 
.I\, filler material 

butt weld 0-4 s • t - - 3,111,141 

~ 
Little filler 

II "" t /2 - - 111,141 material, 
O-B d no weld 

preparation 
:S t /2 - - 13 

V groove 3-10 , 

~ 
,4 , 2 40°-60° 3 -

weld 

V 
'" 60° 111,141 

3-40 d . 3 . 2 With backing run 

40°-60° 13 

~O , 

~ 
1-4 2-4 .. 60° 111, -

V-butt weld 13,141 

Y 
'" 60° 111,141 

With root and 
>10 d 1- 3 2-4 backing run 

40°-60° 13 

double 

W V-weld '" 60° 111, 141 
Symmetrical 

X 
> 10 d 1-3 . 2 edge form, 

h = t/2 
40°---60° 13 

bevel 

~ 
groove 3-10 , 2- 4 '-2 35°---60° 

111, 
13, 141 -

weld 

V 3-30 d 1-4 . 2 35°-60° 
111 , 

With backing run 13, 141 

double 

• 
bevel weld 

111, 
Symmetrical 

K 
> 10 d 1-4 . 2 35°---60° 

13, 141 
edge form, 
h= tl2 or t/3 

~ 
3, 111 , 

>2 , .2 - 70°_100° 13, 141 T-joint 

Fillet weld 

~ b 

~t11 3, 11 1, 
Double fillet weld, 

>3 d .2 - 70°-110° 13, 141 
corner joint 

I, 

1) D Design: s single-V weld; d double-V weld 

" For welding methods, see page 322 
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Compressed gas cylinders, Gas welding rods 
Compressed gas cylinders* ct. DIN EN 1089-3 (2004-06) 

Color coding 1) Volume Filling Filling 
Type of gas as per DIN EN 1089-3 previ- Connection V pressure PF quantity 

body shoulder au' threads I b" 

Oxygen blue white blue R3i4 
40 150 6 m' 
50 200 10 rnJ 

n shoulder chestnut- chestnut- 40 " 8kg 

~ 
Acetylene brown brown yellow Quick connect 50 " 10 kg 

Hydrogen ' ed ' ed ,ed W21.80xl114 
10 200 2 m' 
50 200 10 rn3 

Argon 
dark 

W21.80xl(14 
10 200 2 m' 

body gray green gray 50 200 10 rnJ 

Helium brown W21.80xl/14 
10 200 2 m' gray gray 50 200 10 rnJ 

Argon-carbon fluorescent 
W21.S0xl/14 

20 200 4 m' 
dioxide mixture gray green gray 50 200 10 rn3 

Carbon dioxide W21.80xl/14 
10 58 7.5 kg 

gray gray gray 50 58 20 kg 

Nitrogen black 
dark-

W24.32xl/14 
40 150 6 m' gray green 50 200 10 rn3 

1) Changeover to the new color coding should be completed by July 1, 2006. During the transition 
period the hazardous substance label (page 331) is the only legally valid designation. 

*) According to EUropean Standards 

Gas welding rods for steel joint welding ct. DIN EN 12536 (2000-08), 
replaces DIN 8554-1 

Classification, weld metat analysis, weld behavior 

Designation Weld metal analYSis in % (standard values) Weld behavior 

new prevo C SI Mn Mo NI C, Flow behavior Spatter Tendency 
for pores 

01 GI <0.1 <0.20 <0.65 - - - highly fluid high ye, 

Oil Gil <0.2 <0.25 < 1.20 - - - less highly fluid low ye, 

Dill Gill <0. 15 <0.25 < 1.25 - <0.80 - semifluid none no 

OIV GIV <0.15 <0.25 < 1.20 <0.65 - < 1.20 semifluid none no 

OV GV <0.10 <0.25 < 1.20 <0.65 - < 1.20 semifluid none no 

Areas of application, mechanic.a properties 

Welding Yield Tensile Elongation 

Areas of Steel type 
rod, T" strength strength at fracture N12) 

application 
code R, Rm A K, 

N/mm2 N/mm2 % J 

Sheet, tube S235, S275 01 U > 260 360-410 > 20 >30 

S235, S275, Oil U > 300 390- 440 > 20 >47 
Vessels, P235GH, P265GH 

pipes S235, S275 
P235GH, P265GH 

0111 U > 310 400-460 > 22 >47 

Boilers, pipes, S235, S355, S275, P235, 
temperature resis- P235GH, P265GH, OIV U >260 440 - 490 >22 > 47 
tant up to 530 °C P295GH, 16M03 

Boilers. pipes. 
temperature resis- 13CrMo4-5, 16CrM03 OV T > 315 490 - 590 > 18 > 47 
tant up to 570 °C 

= Rod EN 12536 - 0 IV: Gas welding rod of Class IV 

1) T Treatment cond ition of the weld: U untreated (weld cond iti on); T tempered 

2) NI notch impact energy at +20°C, determined using an ISO-V test specimen 
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Shielding gases, Wire electrodes* 

Shielding gases for arc welding of steel ct. DIN EN 439 (1995-05) 

Codes Composition 1) Gas type, Welding Materials; 
effect methods Applications 

R, H2 < 15%, balance Ar or He reduction TIG, plasma- high-alloy steels, 
R2 (15-35)% H2, balance Ar or He gases welding Ni, Ni alloys 

11 100% Ar inert gases MIG,TIG, AI, AI alloys, 
12 100% He (neutral plasma-

Cu, Cu alloys 
13 He < 95%, balance Ar behavior) welding 

Mll CO2 s 5%, H2 s 5%, balance Ar or He gas mixtures, alloyed Cr-Ni steels; 

M'2 (3- 10)% CO2, balance Ar or He weak MAG welding mainly stainless and 

M'3 O2 < 3%, balance Ar 
oxidizing acid-resistant steels 

M2' (5-25)% CO2, balance Ar or He mixed gases, 
M22 (3- 10)% CO2, balance Ar or He more strongly MAG welding 

low-alloyed and 
medium-alloyed steels 

M23 CO2 s 5%, (3--10)% O2, balance Ar or He 
oxidizing 

M3, (25-50)% CO2, balance Ar or He mixed gases, unalloyed and low 
M32 (10-15)% O2, balance Ar or He medium MAG welding alloyed steels; heavy 

M33 (5-50)% CO2, (8-15)% O2, balance Ar or He oxidizing plate 

C, 100% CO2 strongly oxi-

C2 O2 :s 30"k, balance CO2 dizing gases 
MAG welding unalloyed steels 

=> Shielding gas EN 439-13: Inert gas with up to 95% Helium, balance Argon 

1) Ar argon He helium O2 oxygen CO2 carbon dioxide H2 hydrogen 

Wire electrodes and deposits for gas-shielded metal arc ct. DIN EN 440 (1994-11) 

welding of non-alloy and fine grain structural steels 

Designation example (weld metal): 
G EN 440 - 46 3 

T~ I Standard numberl I 
Designation 

I l 
for shielding gases 

Code Shielding gases 
Designation for Code digit for Code digit for lett", DIN 439 
gas shielded metal the mechanical notch impact 

M21, M22, arc welding properties of the energy of the M 
weld metal weld metal M23, M24 

(page 327) (page 327) C C, 

Chemical composition of the wire electrodes !examph!s) 

Deslg-
Main alloying elements 

Desig-
Main alloying elements nation nation 

GO All compositions agreed upon G2li 0.5-0.8% Si, 0.9-1.4% Mn, 0.05-0.25% 1i 

G3Si1 0.7 1.0% Si, 1.3 1.6% Mn G2Ni2 0.4-0.8% Si, 0.8-1.4% Mn, 2.1 2.7% Ni 

=> EN 440 - G 46 4 M G3Sil: Properties of weld metal: Minimum yield strength Re = 460 N/mm2, 
notch impact energy at -40 °C = 47 J; mixed gas M21-M24, electrode with 0.7-1.0% Si, 1.3-1.6% Mn 

Wire electrodes (selection) 

Designation as per Welding Shielding Usable on steels, Applications, properties, 
DIN EN 440 methods gases examples examples 

G464MG3Sil MAG M21- M24, C1 S185-S355, E295, E335, joint and build-up welding 

P235-P355, GP240R, 

G 504M G4Si1 MAG M21-M24, C1 l210-l360 like G3Si1, but higher mechanical 
strength properties 

G46 M G2Ni2 MAG M2' 
12Ni14,13MnNi6-3, fine grain structural steels and 
S(P)275-S(P)420 steels with low-temp. toughness 

*) According to European Standards 
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Standard values for gas shielded metal arc welding. Filler metals for aluminum 
Weld design Settings Efficiency values 

Weld seam type Weld Wire Number Voltage Current Wire feed Shield- Filler Pro-
thickness diameter of passes V A rate' ) ing gas metal ductive 

a mm mlmin time 
mm I/min g/m minim 

MAG welding, standard values for unaUoyed structural steel 

Welding position: PB Wire electrode DIN EN 440 - G 464 M G3Si1 Shielding gas DIN EN 439 - M21 

2 0.8 20 105 7 45 1.5 
3 1.0 1 22 215 11 10 90 lA 
4 1.0 23 220 11 140 2.1 

5 1.0 1 215 2.6 
6 1.0 1 30 300 10 15 300 3.5 
7 1.2 3 390 4.6 

8 
1.2 

3 
30 300 10 15 

545 6A 
10 4 805 9.5 

MIG welding. standard values for aluminum alloys 

Welding position: PA Filler metal DIN 1732 - SG - AIMg5 Shielding gas DIN EN 439 - 11 .,..... 4 1.2 23 180 3 12 30 2.9 
5 1.6 1 25 200 4 18 77 3.3 
6 1.6 26 230 7 18 147 3.9 .......,. 5 1 22 160 6 126 4.2 
6 1.6 2 22 170 6 18 147 4.6 
8 2 26 220 7 183 5.0 

11 For MIG welding: welding travel speed 

TIG welding. standard values for aluminum alloys 

Welding position: PA Filler metal DIN 1732 - SG - AIMg5 Shielding gas DIN EN 439 - 11 

1 
3.0 1 

75 0.3 
5 

19 3.8 
1.5 

-
90 0.2 22 4.3 

+- 2 
3.0 1 

110 
0.2 6 28 

1.8 
3 - 125 5.9 

4 160 0.2 8 38 6.7 
5 3.0 1 - 185 0.1 10 47 7.1 
6 210 0.1 10 47 12 

~ 
5 4.0 

1st layer 
165 

0.1 
12 105 13 2nd layer - 0.2 

6 4.0 
1st layer 

165 
0.1 

12 190 16 2nd layer 
-

0.2 

Welding fillers for aluminum ct. DIN 1732 (1988-06) 

Designations1) Material Application for base metals 
number (Designation without adding EN AW) 

SG-AI99.8 (EL-AJ99.8) 3.0286 AI99.7, AJ99.5 

SG-AI99.51i (EL-AI99.51i) 3.0805 AI99.0, AI99.5 

SG-AIMn1 (EL-AtMn1) 3.0516 AIMn1, AIMn1Cu 

SG-AIMg3 3.3536 AIMg1(C), AIMg3 

SG-AIMg5 3.3556 AIMg3, AIMg4, AIMg5, AISilMgMn, AIMglSiCu, A1Zn4.5Mgl , 
G-AIMg5, G-AIMgSi, G-AIMg3, G-AIMg3Si 

SG-AIMg4.5Mn 3.3548 AIMg4, AIMg5, AISi1MgMn, AIMglSiCu, AIZn4.5Mgl, G-AIMg5, 
G-AIMgSi 

SG-AISi5 (EL-AISi5) 3.2245 AIMgSi1Cu, AIZn4.5Mg1 

SG-AISi12 (EL-AISi12) 3.2585 G-A1Sil, G-AISi9Mg, G-AISi7Mg, G-AISi5Mg 

1) SG metal fillers with bare surfaces; EL coated rod electrodes 
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Rod electrodes for arc welding 

Coated rod electrodes for unalloyed steels and fine grain steels cf. DIN EN ISO 2560 (2006-03) 
replaces DIN EN 499 

I Classification of rod electrodes 

I . Yield strength I I . Tensile strength 

I • Notch impact energy 47 J I 
according to I . Notch impact energy 27 J 

I 
I Designation example ISO'5SO-A-E 46 f 1N;B 54 T 

Standard number J H hydrogen content I 
A classification according to I 5 -> 5 mV100 g weld metal 

yield strength and notch -
impact energy 47 J 

E coated rod electrode 

Code numbers for the mechanical properties Code numbers for the welding position 
of weld metal Code Welding position 
Code Minimum Tensile Minimum number 

number yield strength elongation 1 aU positions 
strength at fracture 
N/mm2 N/mm2 £4, in % , aU positions, except vertical down welds 

35 355 440 - 570 22 3 butt weld in flat position, fillet weld 

38 380 470-600 20 
in flat and hori20ntal position 

42 420 500-640 20 4 butt and fillet weld in flat position 

46 460 530-680 20 5 for vertical down weld and as in number 3 

50 500 560- 720 18 
Code number for the efficiency and the type of current 

Code letter for the notch impact energy Code Efficiency Type of current 

of weld metal number % 

Code letterl Minimum notch impact energy 1 > 105 AC and DC 

code number 47Jat CC 2 > 105 DC 

Z no requirements 3 >105,.125 ACand DC 

A . 20 4 >105,.125 DC 
0 0 5 > 125 :s 160 ACand DC 

2 -20 6 >125 :s 160 DC 

3 -30 7 > 160 ACand DC 

4 -40 8 > 160 DC 

Code letters for the chemical - ~ Code letters for the type of coating 
composition Code Type of coating 

Code Maximum content in % 
letters 

letters Mn Mo N; A acid coating 

None 2.0 - - S basic coating 

Mo 1.4 0.3-0.6 - C cellulose coating 

MnMo 1.4- 2.0 0.3- 0.6 - R rutile coating 

1Ni 1.4 - 0.6-1.2 RA rutile acid coating 

2Ni 1.4 - 1.8- 2.6 RS rutile basic coating 

Mn1Ni 1.4-2.0 - 0.6-1.2 RC rutile cellulose coating 

1NiMo 1.4 0.3-0.6 0.6-1.2 RR thick rutile coating 

= ISO 2560-A - E 42 2 RB 12: A rod electrode with guaranteed yield strength and notch impact energy, 42 yield 
strength Re '" 420 N/mm2, 2 notch impact energy 47 J at -20°C, RB rutile basic coating, 1 efficiency> 105%, 2 aU 
welding positions except for vertical down welds. 
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Coating of rod electrodes. Weld design 
Coating of rod electrodes used for arc welding 

The coating of rod electrodes has a decisive influence on the welding properties and the mechanical properties of 
the weld metal. 

The coating consists of a homogeneous mixture of the following components: 

• slag formers • inert gas formers • binders 
• deoxidizers • arc stabilizers • alloy contents, if applicable 

The addition of iron powder increases the efficiency of the weld metal. 

Properties. application and welding position according to the type of coating11 

Type , Properties, application position (page 322) 

acid coating With thick coated rod electrodes, fine drip limited application in 
transition with flat, smooth welds, risk of constrained positions 
solidification 

basic coating High notch impact energy, particularly at PA,PB,PC,PD,PE, PF 
low temperatures, low crack sensitivity 

cellulose coating Intense arc with particular suitability for PG 
vertical down I ; 

rutile coating Good drip transition, suitable for the PA,PB,PC,PD,PE,PF 
of thin sheets 

rutile acid coating Typically thick coated rod electrodes, PA,PB,PC,PD,PE,PF 
same ; as electrodes with acid 

rutile basic coating Good welding and mechanical properties PA,PB,PC,PD,PE,PF 

rutile cellulose coating Good drip transition, suitable for welding PA,PB, PC, PD,PE,P~PG 
ofthin sheets, also in vertical down position 

1f The specifications apply to rod electrodes designated according to the yield strength and the notch impact 
energy (page 327). 

Weld design for arc welded V joints 

. Weld Number Electrode __ Sfe~~ _elec- Weld weight , Gap eod dimensions per pass total 
a s type of d xl Z, 

97:0 
m 

f;", l~ 
mm mm p;ssll mm ; 9/m 

4 1 1""P 
3.2 x 450 3 

~~ 155 W 4 x450 2 

5 1.5 1 " 
3.2 x 450 4 100 

210 1FP 4 x 450 2.9 110 

6 2 1 " 
3.2 x 450 4 100 

285 lsi 2 FP 4 x· 4.7 185 

fi ller pass ro~ pass 
}:P 

!2 ~ ~50 4 100 
8 2 3.7 ;~~ 460 

5 x450 3.5 

~ ~ !2 ~ :~g 4 ~~~ 10 2 4 675 
1FP 5 x 450 6.2 380 

Weld design for arc welded fillet wekfs 

3 - 1 3.2 x 450 3.2 80 80 
4 - 1 4 x450 3.6 140 140 

5 - 3 3.2 x 450 8.6 215 215 
final pass 6 - 3 4 x 450 8 310 310 

8 1 " 
4 x 450 3 120 

550 pass -
2 FP 5 x 450 7 430 

10 1 " 
4 x450 3 120 

865 -
4FP 5 x 450 12.3 745 

12 1 " 
4 x 450 3 120 

1245 -
4 FP 5 x 450 18.5 1125 

1) R root pass; F filler pass; FP final pass 
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Areas of application and standard values for beam cutting 

Areas of application for cutting processes 

Materials 
Sheet metal thickness s in mm 

St ructu ral steel , 
unalloyed and alloyed 

Chrome-nickel steels 

Aluminum, 
aluminum alloys 

Titanium. glass. ceramic. 
stone, plastics, rubber. 
foam materials, etc. 

Standard values for oxyacetylene cutting 

Material: unalloyed structural steel; fuel gas: acetylene 

m". Cutting Width of Acetylene 
thickn. noule wI Oxygen pressure pressure , 

cutting heating 
mm mm mm b" b" bat 

5 

8 3--10 1.5 2.5 2.0 0.2 

10 3.0 

10 2.5 

15 10-25 1.8 3.0 2.5 0.2 

20 3.5 

25 4.0 

30 2>-40 2.0 4.3 2.5 0.2 

35 4.5 

Standard values for plasma cutting 11 

Material: high-alloyed structural steels 
Cutting m ethod: argon-hydrogen 

Electrical Cutting Consumption values Sheet current rate 
thickn. qual. stand. quali ty stand. argon hydro· nitro· , 

'"' W I W I W I 9'" 9'" 
mm A A mimin m3/hr m3/hr m3/hr 

4 1.4 2.4 0.6 1.2 
5 70 120 1.1 2.0 0.6 1.2 

10 0.65 0.95 1.2 0.24 

1S 0.35 0.6 1.2 0.24 
20 70 120 0.25 0.45 1.2 0.24 
25 0.35 0.35 1.S 0 .48 

Total Cutting rate 
oxygen quality standard 

consumption 
col col 

m3/h r m3/h r mlmin mimin 

0 .27 0.69 0.84 

1.92 0.32 0.64 0.78 

2.1 4 0.34 0.60 0.74 

2.46 0.36 0.62 0.75 

2.67 0.37 0.52 0.69 

2.98 0. 38 0.45 0.64 

3.20 0.40 0.41 0.60 

3.42 0.42 0.38 0.57 

3.54 0.44 0.36 0.55 

Material: aluminum 
Cutting method: argon-hydrogen 

Cutting Consumption 
rate values 

quality stand. quality stand. argon hydra-
W I col '"' WI 9'" 
A A mimin mimin mJ/hr m3/hr 

3.6 6.0 
70 120 1.9 5.0 1.2 0.5 

1.1 1.6 

0.6 1.3 
70 120 0.35 0.75 1.2 0.5 

0.2 0.5 

11 Values apply to an arc power of approx. 12 kW and 1.2 mm cutti ng noozle diamete r. 



330 Production engineering: 6.7 Joining, Welding 

Standard values. Quality and dimensional tolerances for beam cutting 

Standard values for laser cutting 11 

M" 

Sheet met. 
thickness 

s 
mm 

Cutting 
speed 

v 
m/min 

Cutting 
gas 

Cutting 
gas press. 

p 
ba, 

Cutting 
speed 

v 
m/min 

Cutting 
gas 

Cutting 
gas press. 

p 
ba, 

Cutting 
speed 

v 
m/min 

Cutting 
gas 

Cutting 
gas press. 

p 
b .. 

Laser power 1 kW Laser power 1.5 kW Laser power 2 kW 

1 
1.5 

2 
2.5 

3 
4 

5 
6 

1 
1.5 

2 
2.5 

3 
4 

5.0- 8.0 
4.0- 7.0 

4.0- 6.0 
3.5 - 5.0 

3.5-4.0 
2.5 - 3.0 

1.8-2.3 
1.3 - 1.6 

4.0- 5.5 
2.8-3.6 

2.2-2.8 
1.6- 2.0 

1.3- 1.4 

0 , 

N, 

7.0-10 
5.5 - 7.5 

4.8-6.2 
1.5- 3.5 4.2 - 5.0 

8 
10 

14 

15 

3.5 - 4.2 
2.8 - 3.3 

2.3-2.7 
1,9- 2.2 

5.0-7.0 
3.5 - 5.2 

2.0- 4.0 
1.9-3.2 

1.8-.2.4 
1.0-1.1 

0 , 

N, 

7.0-10 
5.6-7.4 

4.8 - 6.1 
1,5- 3.5 4.2 - 5.0 

6 
10 

10 
14 

14 
15 

3.6- 2.8 
2.8 - 3.4 

2.5 - 3.0 
2.1 - 2.5 

4.5 - 9.0 
3.8 - 6.6 

3.4 - 5.3 
2.7 - 3.8 

2.2-2.7 
1.4- 1.8 

0, 1.5-3.5 

12 
13 

14 

14 
16 

1) The table values apply a the focal length of f = 127 mm (5") and a cutting gap width of w : 0.15 mm. 
2) M material group 

Cutting quality and dimensional tolerances for thermal cuts d. DIN EN ISO 9013 (2003-07) 

The specifications apply to 

• oxy-fuel gas cutting, 
• plasma cutting, 
• laser beam cutting. 

nominal length 

5 workpiece thickness 
u perpendicularity tolerance 

RZ5 average surface roughness 

/':,./ limit deviations from the 
nominal length f 

ISO 41 

standard number ----=::J J 
Quality of cut 
perpendiculari ty tolerance u 
according to row 3 
average surface roughness Rz5 
accord ing to row 4 
tolerance class 2 ----~ 

Quality of cut surfaces 

Perpendicularity 
Range tolerance u 

inmm 

1 u < 0.05 + 0.03 · s 

2 u<0.15+0.07 ·s 

3 u<0.4 + 0.Q1· s 
4 u < 1.2 + 0.035· 5 

Average surface 
roughness Rz5 

in IJm 

Limit deviations from ttle nominallengttl 

Comments 

Limit deviations /':,.{ from nominal lengths / in mm 

Workpiece Tolerance class 1 Tolerance class 2 
thickness 5 

inmm >35 > 125 > 315 >35 > 125 > 315 

s 125 s 315 < 1000 s 125 ,; 315 ,; 1000 

>1 s 3.15 :t 0.3 :t 0.3 ± 0.4 ± O.S :t 0.7 :t 0.8 

>3.15 ,; 6.3 ± 0.4 ± 0.4 :t 0.5 ± 0.8 :t 0.9 :t 1.1 

>6.3 :5 10 :t 0.6 :t 0.7 ±0.7 ± 1.3 ± 1.4 ± 1.5 

>10 ,; 50 ± 0.7 ± 0.7 ± 0.8 ± 1.8 ± 1.9 :t 2.3 

>50 :5 100 ± 1.3 ± 1.4 ± 1.7 :t 2.5 :t 2.6 :t 3.0 

> 100 :5 150 ± 1.9 ± 2.0 :I: 2.1 :t 3.3 :1: 3.4 :t 3.7 

Example: oxy-fuel gas cutting according to tolerance class 2, /." 450 mm, 
s ." 12 mm, cutting quality according to range 4 

Sought after: /':,./; u; RzS 

Solution: /':,.f '" ±2.3 mm 

u= 1.2+0.035·5 = 1.2 mm +0.035 · 12 mm = 1.62 mm 

Rz5 = 110 + 1.8· s = 110 IJm + 1.8· 12IJm = 131.61Jm 
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Gas cylinders -Identification* 
Hazardous substance labels cf. DIN EN ISO 7225 (2008-02) 

A hazardous substance label must be applied to individual gas cylinders to identify their contents and any possi­
ble hazards from these contents. Up to three hazard labels warn of the main hazards. 
Example: 

supplemental information on 
hazards and ~.e.):.-, 
precautions 

product name, 
i.e. oX'lge' 

manufacturer's name, hazard label with number of 
address, phone number hazardous substance class 

Hazard label 

non-combustible, 
non-toxic 

Color coding 

combustible 

gas EWG no. for pure substances 

information from 
manufacturer 

or the words 
-gas mixture-

complete 
name of the gas, 

e.g. oxygen, compressed 

~~ 
W~ 

toxic flammable corrosive 

ct. OIN EN 1089-3 (2004-06) 

Color coding of the cylinder shoulder is used as additional information about the properties of the gases. 
It is readily recognized when the hazardous substance label is illegible from a distance. 
This color coding does not apply to liquid gases. 

General color coding 

toxic and/or corrosice flammable oxidizing inert2) 

Color coding for special gases 

Oxygen Acetylene Argon Nitrogen Carbon dioxide Helium 

1) N = new 2) Non-toxic, non-corrosive, non-flammable, non-oxidizing 
OJ Accordin to Euro ean Standards 
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Gas cylinders -Identification* 
Pure gases and gas mixtures for industrial use 
Color coding (examples) 

Coding 
old new1!21 

Oxygen 

blue white 

blue blue 

Acetylene 

0 
yellow chestnut brown 

yellow chestnut brown 
(black) 

Argon 

gray dark green 

gray gray 

Nitrogen 

dark green black 

dark green 9roy 

Carbon dioxide 

gray gray 

gray gray 

Helium 

gray brown 

gray gray 

cf. Information sheet from Industrial Gases Association 

Coding 
old new112) 

Xenon, Krypton. Neon 

gray 

gray 
(black) 

"d 

"d 

Hydrogen 

flourescent 
green 

gray 

"d 

"d 

Forming gas (mixture of nitrogen/hydrogen) 

"d "d 

"d gray 
(dark green) 

Mixture of argon/carbon dioxide 

gray 

gray 

Compressed air 

gray 

gray 

flourescent 
green 

gray 

f10urescent 
green 

gray 

1) For gas cylinders color coded as per DIN EN 1089, the 
letter "N" (= new) must be put on the shou lder of the 
cylinder two times (opposite sides). The UN" is not 
required on cylinders whose color coding has not 
changed. 

2) The cylinder body may be another color. However, this 
must not lead to confusion regarding the hazardous 
nature of the cylinder contents. 

*) According to European Standards 
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Brazing 
Brazing heavy non-ferrous metals ct. DIN EN 1044 (1999-07) 

Silver containing brazing materials 

Brazing material Alloy Working Information for use 
Material designation tempera- Brazing Solder 

Group Desig- number as per Ime joint3) feed4) Materials 
nation 1) ISO 36772) °C 

0 
AG 301 2.5143 B-Ag5OCdZnCu-620/640 640 G t, , precious metals, steels, 

N copper alloys ~ AG 302 2.5146 B·Ag45CdZnCu-605/620 620 G t, , 
u , 
u 

'" 
AG 304 2.5141 B-Ag45ZnCdCu-595/630 610 G t, , steels, malleable cast iron, copper, 

'" AG 309 2.1215 B-Cu40ZnAgCd-605{765 750 G,V t, , copper alloys, nickel, nickel alloys 

- AG 104 2.5158 
0 

B-Ag45CuZnSn·640/680 670 G t, , 
!!! AG 106 2.5157 B-Cu36AgZnSn-630!730 710 G t, , steels, malleable cast iron, copper, 0 
N copper alloys, nickel, , 

AG 203 2.5147 B-Ag44CuZn-675f735 730 G t, , u nickel alloys 
'" '" AG 205 2.1216 B·Cu40ZnAg-700f790 780 G t, , 

AG 207 2.1207 B-Cu48ZnAg(Si)-800/830 830 G f.' steels, malleable cast iron, copper, -~* AG 208 2.1205 B·Cu55ZnAg(Si)-820/870 860 G,V t, , copper alloys, nickel, nickel alloys 
-0 
5 N 

CP 102 2.1210 B-Cu80AgP-645/800 710 G,V t, , u ~ copper and nickel-free copper alloys. • 0 
0-> 0 CP 104 2.1466 B-Cu89PAg-645/815 710 G,V t, , Unsuitable for materials containing 
::.0 

"' Fe or Ni 
CP 105 2.1467 B-Cu92PAg-645/825 710 G,V t, , 

AG 351 2.5160 B-Ag50CdZnCuNi-635/655 660 G t, , Cu alloys 

~~ AG403 2.5162 B-Ag56Cul n N i·600{71 0 730 G t, , chrome, chrome·nickel steels u .-
ON 

"e carbide onto steel, "'<> AG 502 2.5156 B-Ag49ZnCu MnNi-680/705 690 G t, , 
tungsten and molybdenum materials 

Copper based brazing materials 

CU 104 2.0091 B-Cul00(P)-1085 1100 G , steels 

CU 201 2.1021 B-Cu94Sn(P)-910/1040 1040 G , 
iron and nickel materials 

CU 202 2.1055 B·CuBBSn(PI-825/990 990 G , 
CU 301 2.0367 L-CuZn40 900 G,V t, , steels, malleab. iron, Cu, Ni, Cu & Ni alloys 

G,V t, , steels, malleable iron, Ni, Ni alloys 
CU 305 2.0711 B-Cu48ZnNi(Si)-890/920 910 

V t cast iron 

CP 202 2.1463 B-Cu93P-710/820 720 G t, , Cu, Fe-free and Ni-free Cu alloys 

Nickel based brazing materials for high-temperature brazing 

Nll01 2.4140 B-Ni73CrFeSiB(C)-960/1060 

Nll03 2.4143 B-Ni92SiB-980/1040 nickel, cobalt, 

" " " nickel and cobalt alloys, 
Nll05 2.414B 8-Ni71CrSi- l080/1135 

unalloyed and alloyed steels 
Nll07 2.4150 B-Ni76CrP-B90 

Aluminum based brazing materials 

AL 102 3.2280 B-AI92Si-575/615 610 G t, , aluminum and AI alloy types 

AL 103 3.2282 B-AI90Si-575/590 600 G t, , AIMn, AIMgMn, G-AISi; 
especially for AI alloy types 

AL 104 3.2285 B-AI88Si-575!585 595 G t, , AIMg, AIMgSi up to 2% Mg content 

1) The two letters indicate the alloy group, while the three digit numbers Brazing joint 
are purely numbers increasing sequentially. 

(t? 
21 Numbers at the end indicate the melting range. Alloy components, Gap brazing: 

see pages 116 and 117. It' < O.2Smm 
31 G suitable for gap brazing; V suitable for V-joint brazing 
41 f filled brazing; I tapped brazing V-joint brazing: 

5) Refer to manufacturer's data. 
It' > O.3mm 
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Solders and flux 

Solder.; cf. DIN EN ISO 9453 (2006-12) 

Alloy Alloy Alloy designation 
Previous Working 

group 1) no.21 as per ISO 36773) designation temperature Application examples 
DIN 1707 ·C 

101 S-Sn63Pb37 l-Sn63Pb 183 precision mechanics 
tin-lead 102 S-Sn63Pb37E l -Sn63Pb 183 electronics, printed circuit boards 

103 S-Sn60Pb40 l -SnBOPb 183-190 printed circuit boards, high-grade steel 

111 S-Pb50Sn50 L-Sn50Pb 183-215 electronics industry, tin plating 

lead-tin 
114 S·Pb60Sn40 l · PbSn40 183-235 thin-sheet packaging, metal goods 
116 S·Pb70Sn30 - 183-255 plumbing work, zinc, zinc alloys 
124 S-Pb98Sn2 l-PbSn2 320-325 radiator manufacturing 

131 S-Sn63Pb37Sb 183 precision mechanics 
tin-Iead- 132 S-Sn60Pb40Sb l-Sn60Pb(Sb) 183-190 precision mechanics, electrical industry 

antimony 134 S-Pb58Sn40Sb2 l-PbSn40Sb 185-231 radiator manufacturing, w iping solder 
136 S-Pb74Sn25Sbl l -PbSn25Sb 185-263 wiping solder, lead solders 

tin-Iead- 141 S-Sn60Pb38Bi2 - 180-185 precision solders 
bismuth 142 S-Pb49Sn48Bi3 - 138 low-temperature solder, safety fuses 

tin-Iead-
151 S-Sn50Pb32Cd18 l -SnPbCd18 145 thennal fuses, cable joints cadmium 

tin-Iead- 161 S-Sn60Pb39Cu 1 l-SnPbCu3 230-250 electronic devices, precision mechanics 
copper 162 S-Sn50Pb49Cu 1 l-Sn50PbCu 183-215 

tin-Iead-
171 S-Sn60PbAg l-Sn60PbAg 178-180 electrical devices, printed circuit boards silver 

lead-tin- 182 S-Pb95Ag5 l -PbAg5 304- 365 for high operating temperatures 
silver 191 S-Pb93Sn5Ag2 - 296-301 electric motors, electrical equipment 

1) Filler metals for aluminium are no longer in EN ISO 9453. 

2) The alloy numbers replace the material numbers as per DIN 1707. 

3) With traces «0.5%) of Sb, Bi, Cd, Au, In, AI, Fe, Ni, Zn: see pages 116 and 117. 

Rux for soldering ct. DIN EN 29454-1 (1994-02) 

Designation by main constituents Classification by effect 

Flux Flux basis Flux activator Flux Designations Effect of 
type form DIN EN DIN 8511 residues 

1 rosin 1 colophonium 3.2.2 ... F-SW11 very 
2 without colophonium 1 without activator 3.1.1 ... F·SW12 corrosive 

2 organic 1 water soluble 
2 activated by halogens 

A liquid 3 activated without halogens 3.2.1... F·SW13 
2 not water soluble 

3.1.1 ... F-SW21 
1 with ammonium chloride Bsolid 2.1.3 ... F-SW23 somewhat 

1 salts 2 without ammonium chloride 2.1.2 ... F-SW25 corrosive 
3 inorganic 

1 phosphoric acid C paste 
1.2.2 ... F-SW2B 

2 acids 2 other acids 1.1.1... F-SW31 non-

3 alkaline 1 amine and/or ammon ia 1.2.3 ... F-SW33 corrosive 

= Flux ISO 9454 -1.2.2.C: Flux of type rosin (1), base w ithout colophonium (2), 
activated by halogens (2), available in paste form (C) 

Flux for brazing d. DIN EN 1045 (1997-08) 

Aux Activation temper. Instructions for use 

FH10 550-800°C Multi·purpose flux; residues rinsed off or chemically stripped. 
FH11 550-800°C Cu-AI alloys; residues rinsed off or chemically stripped. 
FH12 550-850°C Stainless and high-alloy steels, carbide; residues chemically stripped. 

FH20 700-1000 °C Multi-purpose flux; residues rinsed off or chemically stripped. 
FH21 750-1100 °C MUlti-purpose flux; residues removed mechanically or chemically stripped. 
FH30 over 1000 °C For copper and nickel solder; residues removed mechanically. 
FH40 650-1000 °C Boron-free flux; residues rinsed off or chemically stripped. 

Fll0 400-700 °C light alloys; residues are rinsed off or chemically stripped. 
Fl20 400-700 °C light alloys; residues are non-corrosive, but should be protected from moisture. 
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Soldered and brazed joints 

Classification of soldering and brazing processes 

Differentiating Soldering and brazing processes 
characteristics Soldering Brazing High temperature brazing 

Working temperature <: 450 °C >450 °C > 900 °C 

Energy source 
soldering iron, soldering 

flame, furnace 
flame, laser beam, 

bath , electrical resistance electric induction 

Cu, Ag, 
AI alloys, 

steel, 
Base material stainless steel, carbide inserts 

steel, carbide 
steel, Cu, 
Ni alloys 

Soldering or filler Sn, Pb alloys Cu, Ag alloys Ni-Cr alloys, 
material Ag-Au-Pd alloys 

Auxiliary materials Flux flux, vacuum vacuum, shielding gas 

Standard values for soldering gap widths 

Soldering gap width in mm 

Base material for solders for brazing materials primarily of 
copper brass silver 

unalloyed steel 0.05-0.2 0.05-0.15 0.1-0.3 O.05-{).2 

Alloy steel 0.1-0.25 0.1--0.2 0.1-0.35 0.1-0.25 

Cu, Cu alloys 0.05-0.2 - - 0.05-0.25 

Carbide - 0.3-0.5 - 0.3-0.5 

Design rules for soldered joints 

Preconditions 

F
Z

-:! " 
• Soldering gap should be large enough so that flux and sol-

der adequately fill the gap by capillary action (table above) 

2 F • The two suriaces to be soldered should be parallel. 

· Surface roughness due to machining can remain far 

'" Cu soldering Rz= 10-161.lm, for Ag soldering at Rz = 
Idmax:::::-S·s-' "' 251.lm. 

Soldered joint under shearing load Load transfer 

• The load on the soldered joint should be in shear (trans-

dIP.? verse forces) if at all possible. In particular, solder seams 
should not be loaded with tensile or peeling stress. 

• Soldering gap depths ld > 5 . 5 do not fill with solder reli -
ably. Therefore load capacity cannot be increased by a 

Load on solder joint reduced by folded seam larger gap depth. 

• Load capacity can be increased by design features such as 

"'",~ 
folds 

knurled 
positi," : press fi t Production process simplffication 

• In soldering there should be a means for assuring proper 
positioning of the parts to be joined, e.g. by part shape 
or by knurled press fit. 

Production process simplification Application examples 

• pipes and fittings 

---~ 
• sheet metal parts 

• tools with brazed carbide cutters 

--Soldered pipe fitting 
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Adhesives. Preparation of joint surfaces 

Properties and conditions of use for adhesives1) 

Curing conditions max. Comb. tensile 
operating and shear 

Applications, Adhesive Trade name tempera- strength Elasticity 
Temperature lime ture 'B 

special characteristics 

"C °c N/mm2 

Acrylic Agomet M, metals, thermosets, 
resins Acrona!, 20 24 hr 120 6-30 low ceramics, glass 

Stabilit-
Express 

Epoxy resins Araldit, 
, hrto metals, thermosets, glass, 

(EP) Metallon, 20-200 
12 hr 

50-200 10-35 low ceramics, concrete, wood; 
Uhu-Plus long curing time 

Phenolic Porodur, metals, thermosets, 
resins (PF) Pertinax, 120-200 60s 140 20 low glass, elastomers, wood, 

Bakelite ceramics 

Polyvinyl Hostalit. metals. thermosets, 
chloride Isodur, 20 > 24 hr 60 60 low glass, elastomers, wood, 
(PVC) Macroplast ceramics 

Polyurethane Desmocoll, metals, elastomers, 
(PUR) Delopur, 50 24 hr 40 50 present glass, wood, 

Baydur some thermoplastics 

Polyester Fibron, metals, thermosets, 
resins (UP) Leguval, 25 1 h' 170 60 low ceramics, glass 

Verstopal 

Poly- Baypren, contact glue for metals 
chloroprene Contitec, 50 1 h' 110 5 present and plastics 
(CA) Fastbond 

Cyanoacry- Perma- fast-curing adhesive for 
late bond, 20 405 85 20-25 low metals, plastics, elas-

Sicomet T7 tomers 

Hot glue Jet-Melt, all types of materials; 
Ecomelt, 20 :> 30 s 50 2-5 present adhesive action through 
Vesta-Melt cooling 

" Due to varying chem ical composition s of adhesives, the values given are only approximate values. For detailed 
information please refer to information from the manufacturer. 

Preparation of parts for bonded jOints ct. VDI2229 (1979-06) 

Treatment sequence1) Treatment sequence1) 

Material for load severity 2) Material for load severity2) 

low medium high low medium high 

AI alloys 1-6-5-3-4 1-2-7-8-3-4 Steel. bright 1-6-2-3-4 1-7-2-3-4 

Mg alloys 1-2-3-4 1-6-2-3-4 1-7-2-9-3-4 Steel, galvanized 1-2-3-4 1-2-3-4 1-2-3-4 

Ti alloys 1-6-2-3-4 1-2-10-3-4 Steel, phosphatized 1-2-3-4 1-6-2-3-4 

Cu alloys 1-2-3-4 1-6-2-3-4 1-7-2-3-4 Other metals 1-2-3-4 1-6-2-3-4 1-7-2-3-4 

" Code numbers for type of treatment 

1 Cleaning of dirt, scale, rust 6 Mechanical roughing by grinding or brushing 
2 Removing grease with organic solvent 7 Mechanical roughing by shot blasting 

or aqueous cleaning agent 8 Etching 30 min, at 60°C in 27.5% sulfuric acid solution 
3 Rinsing with clear water 9 Etching' min, at 20°C in 20% nitric acid solution 
4 Drying in hot air up to 65°C 10 Etching 3 min, at 20°C in 15% hydrofluoric acid solution 
5 Removing grease with simultaneous etching 

21 Load severity for bonded joints 

Low: Tensile shear strength up to 5 N/mm2; dry environment; for precision mechanics, electrical equipment 
Medium: Tensile shear strength up to 10 N/mm2; humid air; contact with oil; for machine and vehicule manufacturing 
High: Tensile shear strength up to 10 N/mm2 ; direct contact w ith liquids; for aircraft, ship, and container 

manufacturing 
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Design of adhesive bonded joints, Test methods 

Design examples 

Bonded joints should be loaded in compression or shea ri ng if possible. 
Tensile, peeling or bending loads should be avoided. 

Butt joint/overlap jOint T-joint 

~F 
Tube jOint 

F rl F ~ 
~-t- \ --V h 

F 

L L -
'MT good, since the bonding su rfaces good. since the bonding surfaces good, since sufficiently large 

only have a shear load only have a shear and bonding surfaces can w ithstand 
comp.ession '~ shear load 

~b-t-
F 

F \ r --
~ 

F 

/ -
'MT not 85 good, not os good, V not as good, since small 

since peeling forces act due to since peeling forces act due to bonding surfaces cannot 
off-center application of force bending load w ithstand tensile and shear load 

Test methods 

Test method 
Com""" standard 

Bending peel test 
Tests resistance of bonded joints against peeling forces DIN 54461 

Tensile shear test 
Tests tensile shea r strength of high-strength bonded lap joints DIN EN 1465 

Fatigue test 
Tests fat igue propert ies of structural adhesives under tensile-shea r loads DIN EN ISO 9664 

Tensile test 
Tests tensile strength of bonded butt joints perpendicular to bonded surface DIN EN 26922 

Roller peel test 
Tests resistance to peeling forces DIN EN 1464 

Compress;on s"ear test 
Tests shear strength. primarily of anaerobicl) adhesives DIN EN 15337 

1) Sets w ith exclusion of air 

Adhesive behavior as a function of temperature and size of bonding surface 

50 
N ~ poIyam1ide increasing 

t mm " """"w 40 
epo~ resin t ~ ... 

~ - 30 
'" "\ c 

increasing ~ I- ~ • 

-'~ " 20 .2 , 
• Ph{noIiclresin '" • c 
~ r-..\ " '" • 10 • 
-" 

_,~",noa~ " 
~ .- ~ • c """ I J'l 0 

-50 0 50 100 °C 150 bonded surface area _ 
test temperatu re 8 -

Tensile s"ear strength of Effect of adhesive joint surface 
overlap bonded joints area on breaking load 
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Safety colors, Prohibitive signs* 

Safety colors 

Color 

Meaning 

'ed 

stop, 
prohibited 

Contrast color white 

Color of graph- black 
icsymbol 

Application 
examples 
(see pages 340 
and 341) 

Stop signs. 
emergency stop 
prohibitive signs, 
fire fighting 
equipment 

Prohibitive signs 

Prohibited 

Access prohibited 
for unauthorized 

persons 

Placement or stor-
age prohibited 

No magnetic or 
electronic data 
media allowed 

No smoking 

Access by forklifts 
prohibited 

Transport of pas-
sengers prohibited 

Climbing 
prohibited for 
unauthorized 

persons 

ct. DIN 4844-1 (2005-05) and BGV AS'I (2002-04) 

yellow green blue 

caution! safety, mandatory signs, 
potential danger first aid notices 

black white white 

black white white 

Notice of hazards (e. g. 
fire, explosion, radia­
tion); 

Identification of ambu­
lances and emergency 
exits; 

Requirement to 
wear personal protec­
tive equipment (PPE); 
location of a 
telephone 

notice of obstruc­
tions (e. g. speed 
bumps, holes) 

first aid and 
emergency aid stations 

ct. DIN 4844-2 (2001-02) and BGV AS1) (2002-04) 

No fires, open Pedestrian access 00 not extinguish 
flame or prohibited with water 
smoking 

Do not touch 

Walking in this 
area prohibited 

Do not use this 
device in the 

bathtub, shower 
or sink 

00 not touch -
live voltage 

No spraying with 
water 

Do not reach in 

Do not 
connect 

® 
No cell phones 

Operating with 
long hair 

prohibited 

Non-potable 
water 

No access for 
persons with 
pacemaker 

® 
No food or drink 

allowed 

Hand-held or 
manuallyoperat­
ed grinding not 

allowed 

1) German Employer's liability Insurance Association - Accident Prevention Regulations (Berufsgenossen­
schaftliche Unfallverhutungsvorschrift) BGV AS (replaces VGB 125) 

*) According to European Standards 
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Warning signs* 

Warning signs cf. DIN 4844-2 (2001-02) and BGV ASH (2002-04) 

it & £ £ ~ & -' J..i.. . 

Warning: Warning: Warning: Warning: Warning: Warning: 
Hazardous area Combustible Explosive Toxic substances Corrosive sub- Radioactive 

materials substances stances materials or 
ionizing radiation 

& A & & & & 
Warning: Warning: Danger: Warning: Warning: Warning: 

Suspended Forklift traffic High voltage Optical radiation Laser beam Oxidizing 
load radiation substances 

A £ £ £ £ , £ 
Warning: Warning: Warning: Warning: Warning: Warning: 
Non-ionic, Strong magnetic Danger of Danger of falling Biological hazard Extreme cold 

electromagnetic field tripping 
radiation 

£ & & , ,~ ~, .A 
Warning: Warning: Warning: Warning: Warning: Warning: 

Substances Gas cylinders Hazards due to Explosive Milling shaft Crushing hazard 
hazardous to batteries atmosphere 

health or irritants 

~ ~ & & & A 
Warning: Warning: Warning: Warning: Warning: Warning: 

Danger of tipping Automatic Hot sur1ace Risk of hand Danger of slipping Moving 
when rolling start-up injury conveyor 

on track 

" German Employer's Liability Insurance Association - Accident Prevention Regulations (Berufsgenossen· 
schaftliche Unfallverhutungsvorschrift) BGV AS (replaces VGB 125) 

*) According to European Standards 
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S f . * cf DIN 484-1 2 (2001 02) 
a ety signs "d BGVAS"12002 04) 

Mandatory signs 

General Wear safety Wear hard hat Wear ear Wear respirator Wear safety shoes 
mandatory sign glasses protection 

• • • Wear protective Wear protective Wear face Use safety belt For pedestrians Use safety 
gloves clothing protection harness 

• G 
Use crosswalk Disc. plug from Disconnect Wear life Sound horn Follow 

power bef. opening before working preserver instructions 

Escape and rescue signs for escape routes and emergency exits 

Work area! 
Location: Date: 
Sign may only be 
removed by: 

High Voltage 
Danger to life 

Fire fighting 
equipment 

Manual fire alarm 
Extra Sign which 

gives more information to 
supplement the safety sign 

Extra sign which 
gives more information to 
supplement the safety sign 

11 German Employer's Liability Insurance Association 
- Accident Prevention Regulations (Berufsgenossenschaftliche 
Unfallverhutungsvorschrift) BGV AS 

21 only in combination with other escape route 
and rescue signs 

*) According to EUropean Standards 
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S f . * cf DIN 4H44 212001 021 
a ety signs ,," BGV AS 12002041 

Information signs 

Combination signs 

~ 
Work area! 
l ocation: Date: 

Sign may only be 
removed by: 

Do not connect 

Combination signs for escape 
routes or emergency exits with 
corresponding direction indicated 
by arrows 

[lIt] 

First aid station 
Walking on roof 

is prollibited 

First aid 
station 

Prohibited! Walking on 
roof is prohibited. 

High Vallage 
Hazardous 

Warning of high voltage 

Fire blanket 

Fire blanket for fighting fire 

Tum off engine. 
Risk of poisoning. 

Danger of toxic 
gases 

1~ German Employer's liability Insurance Association - Accident Prevention Regulations (Berufsgenossen­
schaftliche Unfallverhlitungsvorschrift) BGV AS (replaces VGB 125) 

*) According to European Standards 
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Danger symbols and description of hazards* RL 6~250~84 EO:'~ 
Code letter, dan- Danger criteria of Code letter. Danger criteria of Code letter, Danger criteria of 
ger symbol, hal- materials danger symbol, materials danger symbol, materials 
ard description hazard description hazard description 

When consumed Contact with skin Solid material 

T. in very small 
amounts leads to 

X; or mucus mem- F can be easi ly 
branes can cause ignited by a 

death or may inflammation. source of ignition. 
cause acute liquid material 
or chronic dam- with ffash point 
age to health. < 21 DC. 

X = St. Andrew's 
cross 

Very toxic Irritant ; :a irritating Flammable 
T . toxic F = f lammable 

When consumed Risk of explosion Substances 
T in sm all amounts E by shock, friction, N change water. 

leads to death or fire or other ground. air. eli-
may cause acute sou rces of mate, anima ls, 
or chronic dam- ignition. plants. etc. in 
age to health. such a way that 

the environment 
is endangered. 

Toxtc Danger of Environmentally 
N = noxious 

T '" toxic explosion E = explosive dangerous 
(harmful) 

When ingested Substances that Substance may 
Xn may result in 0 substantial ly Twith R 45 cause cancer fro 

death or cause increase the risk inhaling. swallow-
acute or chronic and severity of a ing or from con-
harm to health. fire, because they tact with the skin. 

produce oxygen. 

R 45: May cause 

X .. St. Andrew's 
cancer 

Harmful to Oxidizing Carcinogenic 
heahh cross 

n _ noxious o _ oxidizing T = toxic 

living tissue can liquid substances Substances 
C be damageci by F. with flash point T with R 46 which can have a 

contact. < 0 °C and boili ng mutagen ic effect 
point < 35 °C; on humans. 
gaseous sub-

R 46: May cause stances. which 
are flammable in heritable genetic 

contact with air. damage. 

Corrosive Highly 
Mutagenic 
substances 

C .. corrosive flammabhl F _ flammable T = toxic 

Substance w hich Substances which Xn with Substances 
Xn with R 40 can cause concern T with R 60. R 61 are known to R62. R63 which cause con-

due to possible impair fertil ity or cern due to possi-
mutagenic effect reproduction. ble impairment of 
on humans. How- fertility of 
ever, there is not humans. 
yet sufficient 
information avail-
able to give con-

X '" St. Andrew's Limited elusive proof. Oangerto Umited 
evidence of fertility evidence of cross 

mutagenic influence on n = noxious 
effect fertility R 62 = possible X = St. Andrew's T = toxic 

cross R 60 = may impair risk of impaired 

n _ noxious fertility fertility 

R 40 '" irreversible R 61 = may cause R 63 = possible 

damage possible harm to the risk of harm to 

(page 199) unborn child unborn child 

" EU-Oirective, Appendix II *) According to European Standards 
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Id "f" " f" I" * d DIN 2403 entl IcatlOn 0 pipe mes 12007051 

Area of application and requirements 

Area of application: A precise identification marking of pipe lines, indicating the substance being conveyed, is neces­
sary for reasons of safety, fire fighting and proper maintenance and repairs. The identification marking is intended to 
indicate possible hazards and help to prevent accidents and damage to health. 

Requirements concerning identification marking 

Identification marking must be clearly visible and long­
lasting . 

Identification can be established by painting. lettering 
(e. g. via self-adhesive foil strips) or signs. 

Particularly operation-critical and hazardous places 
should be marked (e.g. beginning and end of branch 
pipes, wall penetrations, fittings). 

Marking must be repeated at least every 10 m of pipe 
length. 

Indication of the group and supplemental color (see 
table below). 

Indication of the flow direction by means of an arrow. 

Indication of the conveyed substance by specifying the 
name (e.g. water) or the chemical formula (e. g. H20). 

With hazardous materials, additional indication of 
hazard signs (page 342) or warning signs (page 339) if 
general hazards are implied. 

Color assignment according to conveyed substances 

and solid materials 

Non-flammable liquids 
and solid materials 

Oxygen 

9 

o 
Identification of special pipe lines 

lettering 

white 9003 

white 9003 

Fireextinguistling lines must be fitted with a red/white/red color marking. The white field contains the graphical sym­
bol of the safety sign "Fire fighting equipment and materials" (et. page 340) in the color of the extinguishing agent. 

Potable water lines must be fitted with a green/white/green color marking. Non-potable water lines have a 
green/blue/green marking. The code letters and their colors are listed in the table below. 

water Ii 
Potable water line, cold PWC 

Potable water line, hot 

Heating oil 

Heating 
Oil 

Oxygen (fire-promoting, 0) 

PWH 

Fire extinguishing unit 
(water) 

Oxygen 

According to European Standards 

Non-potable water line NPW 

Potable water Compressed air 

Acetylene 
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Sound and noise* 

Sonic terms 

Tonn Expt ..... tion 

Sound Sound comes from mechanical vibrations. It propagates in gaseous. liquid and solid bodies. 

Frequency Number of oscillat ions per second. Unit: 1 Hertz '" 1 Hz = l Is. Pitch increases with frequency. 
Frequency range of human hearing: 16 Hz- 20.000 Hz. 

Sound lev" Measure of the sound strength (sound energy). 

Undesirable. annoying or painful sound w aves; damage depends on strengt h. duration. 
Noise frequency and regularity of exposu re. For a noise level of 85 dB (A) and higher there is danger 

of permanent hearing loss. 

Decibel (dB) Standardized unit for sound level. 

Since t he human ear perceives tones of different heights (frequencies) to have different 
strengths when they are actually at the same sound leve ls, noise must be appropriately 

dBIA) dampened with f il ters for certain f requencies. Frequency weighting curve with Filter A 
compensates for this and indicates the subjective auditory impression. A difference of 3 dB (A) 
corresponds approximately to a doubling (or halving) of t he sound intensity. 

Sound level 

Type of sound dBIA) Type of sound dBlAI Type of sound dB (A) 

Threshold of 
4 

normal speech 70 heavy stamping 95-110 auditory sensit ivity at distance of 1 m 

Breathing at distance 10 machine tools 75-90 angle grinder 95-115 of JO cm 

Soh rustling of leaves 20 loud talking 
80 

car horn at 100 at distance of 1 m distance of 5 m 

Whispering 30 welding torch, lathe 85 disco music 100-115 

Tearing paper 40 hammer dri ll, motorcycle 90 hammer and anvil 110 
Quiet conversation 50-00 engine test stand, walkman 90-110 jet engine 120-130 

Noise protection regulations ct. Accident Prevention Regulations on ~Nojse· BGV B3 (1997-01) 

Accident prevention regulations 
115 Workplace regulation for noise Dloducina ooeralions 

0 Requi rem. to post signage for noise ranges 90 dB (A) and above. Noise limit value for: max. dB (AI 
0 Above 85 dB (AI sound protection devices m ust be avail- redominantly mental act ivit ies 55 

able, and they must be used above 90 dB (A). Simple, predominantly mechan ized 
0 If the r isk of accidents increases due to noise, appropr iate activities 70 

measures must be taken. all other activities (value may 
0 Regu lar preventative med ical checkups are compulsory. be exceeded by 5 dB ) 85 

0 New operational equipment must conform to the most break rooms, ready rooms and 
advanced level of noise reduction. fi rst-aid rooms 55 

Noise harmful to health 

I I IJ I I I I !II T I 
; I ¥iI 
, to I II I 

I 

~ I 
0 10 10 4 6 ' 6' 10 '" '0 1; , 130 140 150 160 dBIAI 

danger Ilml pain sound level -
for hearing threshold 

*) According to European Standards 
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Basic terminology of open loop and closed loop control systems 

Basic terminology d. DIN 19226-1 to -5 (1994-02) 

Open loop control Closed loop control 

For open loop control the output variable, such as the tem­
perature in a hardening furnace, is influenced by the input 
variable, such as the current in the heating coil. The output 
variable does not have an effect on the input variable. 
Open loop control has an open action flow. 

For closed loop control the controlled variable, such as the 
actual temp. in an annealing furnace, is continuously mon­
itored and compared to the target temp. (reference vari­
able) and, if there are deviations, adjusted to the reference 
input variable. Closed loop control has a closed action flow. 

Example: Annealing furnace 

Schematic 
presentation disturbance 

heat losses 

Schematic 
presentation disturbance 

heat losses 
manipulated 

final control 
element 

relay 

manipulated variable 

controller 
button 

Functional diagram of 
open loop control system 

w 
con­..... 

variable 
current 

z 

con­
troIod 
..,...." 

~~~::::;~ spring 
Ji contact 

Simplified functional diagram of closed loop 
control systerm'---__________ , 

button relay annealing furnace 

wreferenca 
input variabie 

temperature 
setpoint 

current 

~ 
~ 
heat loss 

Application-based code letters 

Designation example: 

First letters 

0 density 
E electrical parameters 
F flow, throughput 
G distance, position, length 
H manual input/intervention 
K time 

L status (e. g. level) 

M humidity 
p pressure 
0 quality parameters 
R radiation parameters 
S speed, rotational speed 
T temperature 
W weight, mass 

actual 
temperature 

temperature 
setpdnt 

pOle 

Suppk!mentary letters 

0 difference 

F ratio 

J control point query 

0 sum, integral 

rurrent heat loss actual 
temperat. 

ct. DIN 19227-1 (1993-10) 

Succeeding letters 

A error indication 
C automatic closed loop control 
H upper limit value 
I display 
L lower limit value 
R registration 

Example: Differential pressure closed loop control 

, 
p1 t 
~ 
~ 

P2t 1 

Explanation: P 
o 

pressure 
difference 

I display 
C automatic closed loop control 

In plain language: Pressure differential closed 
loop control with display of pressure difference 






































































































































































