








Recommended Minimum Bend Radii

for 90-Degree Cold Forming of Sheet

and Plate v2¢®®

Alloy

Temper

RADII FOR VARIOUS THICKNESSES EXPRESSED

IN TERMS OF THICKNESS “t”

016" 031" 063" 125
0 0 0
H12 0 0
7072 H14 0 0
H16 0 it
H18 1t 1t
0 0 0 1t 1t
s g 3t at 5t 6t
0 0 0 1t 14
e g 3t at 5t 6t
RADII FOR VARIOUS THICKNESSES EXPRESSED
IN TERMS OF THICKNESS “t”
Alloy Temper 188" 250" 375" 500"
0
H12
7072 H14
H16
H18 N . N N
0 14 2%t 3%t 4t
7075 6 6t 8t ot 9t
0 14 2%t 3%t 4t
s 6 6t 8t ot 9t

@® The radii listed are the minimum recommended for bending sheets
and plates without fracturing in a standard press brake with air bend
dies. Other types of bending operations may require larger radii or
permit smaller radii. The minimum permissible radii will also vary with
the design and condition of the tooling.

@ Alclad sheet in the heat-treatable alloys can be bent over slightly
smaller radii than the corresponding tempers of the bare alloy.

® Heat-treatable alloys can be formed over appreciably smaller radii

immediately after solution heat treatment.

@ The H112 temper (applicable to non-heat treatable alloys) is supplied
in the as-fabricated condition without special property control but usu-
ally can be formed over radii applicable to the H14 (or H34) temper or

smaller.

® The reference test method is ASTM E290.

® Tempers T361 and T861 formerly designed T36 and T86, respectively.
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SPECIFICATIONS OF
CANADIAN STANDARDS ASSOCIATION

The Canadian Standards Association, non-ferrous metal specification, are
prefixed by the letter H and another letter to denote the base metal: A for
aluminum. A number follows to define the subjects:

HA.1 - general defintions, testing, packing, tolerances, etc.
HA.2 —unalloyed ingot for remelting

HA.3 - alloy ingot for remelting

HA.4 - sheet, plate and coil

HA.5 —wire, rod, rolled or drawn bar, extruded bar

HA.6 —rivet rod and wire, welding and brazing rod and wire
HA.7 —drawn or extruded, seamless tubes

HA.8 —forgings

HA.9 - sand castings

HA.10 — permanent and semi-permanent mould castings

The alloys are identified by one or two letters indicating the main alloy con-
stituents and one or two numbers. (C = copper, G = magnesium, S = silicon,
Z =zinc, N = nickel, M = manganese, etc.). Where the aluminum is unalloyed
the minimum aluminum content is expressed as the grade.

Wrought Alloys Casting Alloys
CSA Relevant Alcan CSA Relevant Alcan
Alloy Number Alloy Number Alloy Number Alloy Number
995 1050 C4 225
990C 1100 (S42 B224
MC10 3003 CS72 236
CB60 2011 G8 340
CG42 2024 G10 350
CG42 Alclad 2024 Alclad GS40 A320
CM41 2017 S5 123
GM31N 5454 S12N 6290
CS41N Alclad 2014 Alclad S12P B160
GM41 5083 SC51N 125
GM50R 5056 SC53 117
GR20 5052 SC84N 143
GR40 5154 SG70N 135
GS10 6063 SN122 162
GS11N 6061
SG11P 6053
SG11 6151
SG11R 6351
2G62 7075
ZG62 Alclad 7075 Alclad
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SPECIFICATIONS OF AMERICAN SOCIETY
FOR TESTING MATERIALS

The ASTM specifications are issued in the ASTM Standards Handbook,
which is published from time to time and for which an annual supplement is
provided. The specifications dealing with aluminum and other non-ferrous
metals are prefixed by the letter “B”. The specification number follows and,
after this, the year of issue. Where the specification is still tentative the year
is suffixed with the letter “T”.

The following specification numbers refer to aluminum:

ASTM ASTM

B26 - Sand Castings
B85 - Die Castings

B108 — Permanent mould
castings

B179 - Ingots (alloy)

B184 — Arc welding
electrodes

B209 — Sheet and plate

B210 — Tubes, drawn,
seamless

B211 — Bars, rods and wire

B221 — Extruded bars, rods,
shapes and tubes

B234 — Tubes for condensers

B241 - Pipe

B247 - Die forgings

B260 — Brazing filler

B285 — Welding rods and
bare electrodes

B308 — Standard structural
shapes

B313 — Tubes, round, welded

B316 — Wire and rods, rivet
and cold heading

B317 — Bus conductors

B323 — Wire for electrical
purposes, round

B324 — Wire for electrical

and heat conductors, square
exchangers and rectangular

B236 — Bus bars
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U.S. FEDERAL SPECIFICATIONS

The U.S. Federal specifications now being issued supersede many of those
departmental specifications previously issued by the U.S. Army, Navy, and
Air Force. Certain of these Federal Specifications cover products in a range
of alloys, while other specifications will deal with one product and alloy only.
In the first group come aluminum ingots, forgings, sands, permanent mould
and die castings. In the latter group are all the wrought products other than
forgings and welding and brazing materials.

Relevant
0ld Spec. New Spec. Alcan Alloy No.
Sheet Specifications:
QQ-A-255 QQ-A-250/3 2014 Alclad
QQ-A-283 12 7075
QQ-A-287 M3 7075 Alclad
QQ-A-318 /8 5052
QQ-A-327 1 6061
QQ-A-355 /4 2024
QQ-A-359 /2 3003
QQ-A-362 /5 2024 Alclad
QQ-A-561 Al 1100
Extruded Shapes, Rod and Bar:
QQ-A-261 200/2 2014
QQ-A-267 /3 2024
QQ-A-270 /8 6061
QQ-A-274 /9 6063
QQ-A-277 /11 7075
QQ-A-357 N 3003
Rolled or Drawn Wire, Rod, Bar and Shapes:
QQ-A-266 225/4 2014
QQ-A-268 /6 2024
QQ-A-282 /9 7075
QQ-A-315 7 5052
QQ-A-325 /8 6061
QQ-A-351 /5 2017
QQ-A-356 2 3003
QQ-A-365 /3 2011
Q0Q-A-411 N 1100
Tubing Specifications:
WW-T-783 WW-T-700/1 1100
WW-T-785 /3 2024
WW-T-787 /4 5052
WW-T-788 /2 3003
WW-T-789 /6 6061
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WROUGHT ALLOYS -
CHEMICAL COMPOSITION

In percentage of weight. Except where a range is shown, the percentages
are maximum values.

Alloy  Composition Aluminum by
Number Designation  Difference  Silicon Iron Copper Manganese Magnesium

1050 15010 min. 99.50  .025 040  0.05 0.05 0.05
1060 16020 min. 99.60  .025 035 0.03 0.03 0.03
1100 10050 min.99.00 1.0Si  +Fe 0.05-020 0.05
1145 14520 min.99.45 055Si +Fe  0.05 0.05

1200 10020 min.99.00 1.0Si +Fe 0.05 0.05
2011 26820 remainder  0.40 07 5060 ... .
2017 24320 remainder 0.8 0.7 3545 040-1.0 0.20-0.8

2024 24520 remainder  0.50 050 3.8-49 030-09 1218
3003 31220 remainder 0.6 0.7 050-0.20 1.0-15
3004 31530 remainder  0.30 0.7 025 1.0-15 0.8-13

3105 31550 remainder 0.6 0.7 0.30 0.30-0.8 0.20-0.8
4043 43010 remainder 4.5-6.0 0.8 0.30 0.05 0.05

5005 51020 remainder ~ 0.30 0.7 0.20 0.20 0.50-1.1
5050 51030 remainder ~ 0.40 0.7 0.20 0.10 1.1-1.8
5052 52820 remainder  0.25 040  0.10 0.10 2.2-2.8
5056 55310 remainder ~ 0.30 040 010 0.05-020 4.5-5.6
5083 54330 remainder ~ 0.40 040 010 0410 4.049

5086 54380 remainder ~ 0.40 050 010 0.20-0.7 3.5-45
5154 54840 remainder  0.25 040  0.10 0.10 3.1-39

Alloy Composition  Aluminum by Other Elements
Number Designation  Difference  Chromium Zinc  Titanium Each Total
1050 15010 min. 99.50 e 0.05 0.03 0.03
1060 16020 min. 99.60 e 0.05 0.03 0.03® e
1100 10050 min. 99.00 e 0.10 e 0.06® 0.15
1145 14520 min. 99.45 0.03
1200 10020 min. 99.00 e 0.10 e 0.05 0.15
2011 26820 remainder . 030 ... 0.06@ 0.15
2017 24320 remainder 0.10 0.25 e 0.05 0.15
2024 24520 remainder 0.10 0.25 A 0.05 0.15
3003 31220 remainder e 0.10 e 0050 0.15
3004 31530 remainder e 0.25 e 00560 0.15
3105 31550 remainder 0.20 040 0.10 0.05 0.15
4043 43010 remainder e 010 0.20 0.06® 0.15
5005 51020 remainder 0.10 0.25 e 0.05 0.15
5050 51030 remainder 0.10 0.25 e 0.06® 0.15
5052 52820 remainder 0.15-0.35 0.10 ... 0.06® 0.15
5056 55310 remainder  0.05-0.20 0.10 0.05® 0.15

5083 54330  remainder 005025 025 015 005 015

5086 54380 remainder  0.05-0.25 025  0.15 0.05 0.15
5154 54840 remainder  0.15-0.35 020  0.20 0.05 0.15

Contd
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WROUGHT ALLOYS -
CHEMICAL COMPOSITION

In percentage of weight. Except where a range is shown, the percentages
are maximum values.

Alloy  Composition Aluminum by
Number Designation  Difference  Silicon Iron Copper Manganese Magnesium

5454 53320 remainder 0.40Si  +Fe 010 050-1.0 2.4-3.0
5456 55330 remainder P40Si  +Fe 010 050-1.0 4.7-55

6005 65470 remainder 0.6-0.9 035 0.10 0.10 0.40-0.6
6061 69260 remainder 0.40-0.8 0.7 0.15-040 0.15 0.8-1.2
6063 66050 remainder 0.20-0.6 035 0.10 0.10 0.45-0.9
6101 66020 remainder 0.30-0.7 050  0.10 0.03 0.35-0.8
6262 69830 remainder 0.40-0.8 0.7 0.15-040 0.15 0.8-1.2
6351 66440 remainder 0.7-1.3 050 010 0.40-0.8 0.40-0.8
X7004 74510 remainder  0.25 035 0.05 020-07 0.1-20
7072 71020 remainder 0.7Si  +Fe  0.10 0.10 0.10
7075 76520 remainder ~ 0.40 050 1.2-20 0.30 2.1-29

Alloy Composition  Aluminum by Other Elements
Number Designation  Difference  Chromium Zinc  Titanium Each Total
5054 53320 remainder  0.05-0.20 025 020 0.05 0.15
5456 55330 remainder 0.05-0.20 025 0.20 0.05 0.15

6005 65470 remainder 0.10 010 0.10 0.05 0.15
6061 69260 remainder  0.04-0.35 025 0.15 0.05 0.15
6063 66050 remainder 0.10 010 0.10 0.05 0.15

6101 66020 remainder 0.03 010 ... 0.03® 0.15
6262 69830 remainder  0.04-0.14 025 0.15 0.05@ 0.15
6351 66440 remainder e 020 0.20 0.05 0.15
X7004 74510 remainder 0.05 3.8-46 0.05 0.05@  0.15
7072 71020 remainder e 0813 ... 0.05 0.15

7075 76520 remainder  0.18-0.35 5.1-6.1 0.20 0.05 0.15

e

Beryllium 0.0008 max for welding rod or wire.
Lead, Bismuth, 0.20-0.6 each.

Baron, 0.06 max.

TLead, bismuth 0.40-0.7 each.

Zirconium, 0.10-0.20.

® ©® 0
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WROUGHT ALLOYS
TYPICAL MECHANICAL PROPERTIES?

This table does not represent all alloys manufactured by Alcan.

Ultimate Elongation Brinell Ultimate
Alcan Alloy Tensile Yield % in2in. Hardness Shear

and Strength Strength  “é"thick 500 Kg Load  Strength

Temper 1,000 psi 1,000 psi Specimen 10 mmball 1,000 psi
1050-0 11 4 39 20 9
1050-H14 16 15 10 32 10
1050-H16 19 18 8 36 11
1050-H18 23 21 7 40 12
1100-0 13 5 35 23 9
1100-H12 16 15 12 28 10
1100-H14 18 17 9 32 11
1100-H16 21 20 6 38 12
1100-H18 24 22 5 44 13
2024-0 27 11 20 47 18
2024-T3 70 50 18 120 41
2024-T351,-T4 68 47@ 20 120 41
2024-T36 72 57 13 130 42
2024-0 Alclad 26 11 20 - 18
2024-T3 Alclad 65® 450 18 - 40
3003-0 16 6 30 28 11
3003-H12 19 18 10 35 12
3003-H14 22 21 8 40 14
3003-H16 26 25 5 47 15
3003-H18 29 27 4 - 16
3004-0 26 10 20 45 16
3004-H32 31 25 10 52 17
3004-H34 35 29 9 63 18
3004-H36 38 33 5 70 20
3004-H38 4 36 5 77 21
3105-H25 26 23 8 - 15
5005-0 18 6 25 28 11
5005-H12 20 19 10 - 14
5005-H14 23 22 6 - 14
5005-H16 26 25 5 - 15
5005-H18 29 28 4 - 16
5052-0 28 13 25 47 18
5052-H32 33 28 12 60 20
5052-H34 38 31 10 68 21
5052-H36 40 35 8 73 23
5052-H38 42 37 7 77 24
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WROUGHT ALLOYS
TYPICAL MECHANICAL PROPERTIES

Ultimate Elongation Brinell Ultimate
Alcan Alloy Tensile Yield % in2in. Hardness Shear

and Strength Strength  “é"thick 500 Kg Load  Strength

Temper 1,000 psi 1,000 psi Specimen 10 mmball 1,000 psi
5083-0 42 21 - - 25
5083-H116 46 33 - - -
5083-H321 46 33 - - -
5086-0 38 17 22 - 23
5086-H32 42 30 12 - -
5086-H34 47 27 10 - 27
5086-H112 39 19 14 - -
5454-0 36 17 22 62 23
5454-H32 40 30 10 73 24
5454-H34 44 35 10 81 26
5454-H111 38 26 14 70 23
5454-H112 36 18 18 62 23
6061-0 18 8 25 30 12
6061-T4,-T451 35 21 22 65 24
6061-T6,-T651 45 40 12 95 30
6063-0 13 7 - 25 10
6063-T4 25 13 22 - -
6063-T5 27 21 12 60 17
6063-T6 35 31 12 73 22
6063-T83 37 35 9 82 22
6063-T832 42 39 12 95 27
6101-H111 14 11 - - -
6101-T6 32 28 15@ 71 20
6351-T4 36 22 20 - -
6351-T5 46 42 12 - -
6351-T6 45 4 14 95 29
*7004-T1 51 39 14 - -
*7004-T5 60 55 14 - -
7075-0 33 15 17 60 22
7075-T6,-T651 83® 730 11 150 48
7075-0 Alclad 32 14 17 - 22
7075-T6,-T651 83 73 11 - 48

Alclad

NOTES: ® These properties are average for various forms, sizes and
methods of manufacture, and may not exactly describe one
particular product.

@ Extruded products more than % inch thick will have strengths
15 to 25% higher than these values.

® Sheet more than .062 inch thick will have strengths slightly
higher.

@ Specimen 4 inch thick.

® Extruded products will have strengths approximately 10% high-
er.
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WROUGHT ALLOYS

Physical Properties (Partial List)

Typical Values for Wrought Alloys

Electrical Thermal
Approximate  Volume Thermal  Expansion

Alloy Melting Conduc- Conductivity between Young’s
and Density Range tivity at25°C  20-100°C Modules
Temper Ib./cu. in °C % of IACS  cgs units® in./in./°C ksi x 10°
1060-0 .0975  645-655 62 0.56  0.0000236 10.0
1060-H18 .0975  645-655 61 0.55 0.0000236 10.0
1100-0 0.098 640-660 59 0.53  0.0000236 10.0
1100-H18 0.098 640-660 57 0.52  0.0000236 10.0
2011-T3 0.102 535-645 40 0.37  0.0000228 10.3
2014-T6 0.101 510-640 40 0.37  0.0000230 10.6
2017-T4 0.101 510-640 30 0.29  0.0000236 104
2024-T4 0.100 500-640 30 0.29  0.0000232 10.6
3003-0 0.099 640-655 50 0.46  0.0000232 10.0
3003-H14 0.099 640-655 41 0.38  0.0000232 10.0
3003-H18 0.099 640-655 40 0.37  0.0000232 10.0
5005-H14 0.098 630-650 52 0.48 0.0000238 10.0
5050-0 0.097 625-650 50 0.46  0.0000238 10.0
5050-H38 0.097 625-650 50 0.46  0.0000238 10.0
5052-0 0.097 595-650 35 0.33  0.0000234 10.2
5052-H38 0.097 595-650 35 0.33  0.0000234 10.2
5056-0 0.095 570-640 29 0.28  0.0000241 10.3
5056-H38 0.095 570-640 27 0.26  0.0000241 10.3
5083-0 0.096 580-640 29 0.28  0.0000234 10.3
5086-0 0.096 585-640 31 0.30 0.0000234 10.3
5154-0 0.096 590-645 32 0.30 0.0000239 10.2
5454-0 0.097 600-645 34 0.32  0.0000236 10.2
5456-0 0.096 570-640 29 0.28  0.0000239 10.3
6005-T6 0.097 550-650 - - -= 10.0
6061-0 0.098 580-650 45 0.41  0.0000236 10.0
6061-T4,

T451 0.098 580-650 40 0.37  0.0000236 10.0
6061-T6,

T651 0.098 580-650 40 0.37  0.0000236 10.0
6063-0 0.097 600-650 57 0.53  0.0000234 10.0
6063-T6 0.097 600-650 53 0.48  0.0000234 10.0
6101-T6 0.097 615-650 57 0.52  0.0000238 10.0
6101-T61 0.097 615-650 59 0.53  0.0000238 10.0
6101-T63 0.097 615-650 58 0.52  0.0000238 10.0
6101-T64 0.097 615-650 60 0.54  0.0000238 10.0
6351-T6 0.098 555-650 46 0.51  0.0000240 10.0
7075-T6 0.101 475-640 30 0.29  0.0000236 104

Contd
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WROUGHT ALLOYS

Physical Properties (Partial List)

Typical Values for Wrought Alloys

Electrical Thermal
Approximate Volume Thermal  Expansion

Alloy Melting  Conduc- Conductivity between Young’s
and Density Range tivity at25°C 20-100°C Modules
Temper Ib./cu. in °C % of IACS  cgs units® in./in./°C ksi x 10°
Other Metals

Cast Iron 0.261 1130-1230 - 0.11  0.0000112 10-13
Copper 0.322 1080 100 0.90 0.0000167 18.0
Lead 0.410 330 8 0.08 0.0000294 2.5
Magnesium  0.063 650 38 0.37  0.0000258 6.3
Monel 0.318 1350 4 0.06 0.0000140 26.0
Nickel 0.319 1450 16 0.14  0.0000128 30.0
Silver 0.379 950-960 94 0.97 0.0000189 10.3
Steel 0.276-0.282 1450-1500 3-15 0.11  0.0000126 29.0
Tin 0.264 230 15 0.15 0.0000269 5.9
Zinc 0.258 420 30 0.27  0.0000263 13.4

NOTES: ©® 1 cgs unit — 1 gram calorie per second per square centimeter
per centimeter of thickness per degree Centigrade. To convert
to “k factor” for thermal conductivity (BTU per hour per square
foot per inch of thickness per degree of Fahrenheit) multiply

these figures by 2903.
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TYPICAL AS-WELDED AND AS-BRAZED

MECHANICAL PROPERTIES

OF WROUGHT ALUMINUM ALLOYS

Inert-Gas-Shielded Arc Welded

Torch

Butt Joints Brazed®
Alcan Alloy
and Temper of Ultimate
Parent Metal Alcan Tensile Yield Elongation Tensile
Filler Strength  Strength % Strength
Alloy 1,000 psi 1,000 psi in2inches 1,000 psi
1050-0 1050 115 4.5 25 11.0
1050-H18 1050 11.5 6.0 15 11.0
1100-0 1100 13.5 55 25 13.0
1100-H18 1100 13.5 6.5 15 13.0
3003-0 1100 or 4043  16.0 7.0 25 16.0
3003-H18 1100 0r 4043 16.0 8.5 15 16.0
6063-T6 4043 0r5056 21.0 14.0 17 20.0@
6063-T6C 4043 0r5056 21.0 14.0 17 20.0@
6101-T6 4043 21.0 14.0 17 20.0@
6101-T6A 4043 21.0 14.0 17 20.0@
6101-T6B 4043 21.0 14.0 17 20.0@
6351-T4 4043 0r5356 29.0 20.0 8 -
6351-T6 4043-5356 30.0 20.0 7 -
5454-H32 5554 35.0 18.0 14 -
5083-H116 5356 44.5 25.0 11 _
5083-H321 5356 445 25.0 11 _
5052-0 5356 29.0 14.0 22 -
5052-H34 5356 32.0 18.0 18 -
6061-T4 4043 0r5356 29.0 20.0 8 25.00
6061-T6 4043 or5356  30.0 20.0 7 25.00

NOTES: ® Lap joints and using 4047 brazing filler.

@ These values may be increased by quenching from brazing
temperature.
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ALUMINUM WROUGHT ALLOYS

Relative Ratings of Characteristics
of Some Alloys

Corro-

sion  Work- Ma- Weldability (1)
Resis-  ability chin- Braze-
Alloy & tance  (Cold) ability ability Resis-  Oxy-
Temper (1) (1) (2) (1) MIG TIG tance  Gas
1050-0 A A D A A A C A
-H14 A A C A A A B A
-H18 A C C A A A B A
1100-0 A A D A A A B A
-H14 A A D A A A A
-H18 A C D A A A A A
2011-T3 D C A * * * D *
-T8 D D A * * * D *
2014-T4 D C B * C * B *
-T6 D D B * C * B *
2024-T3, T351 D C B * * * B *
-T4 D C B * * * B *
3003-0 A A D A A A B A
-H14 A B C A A A A A
-H18 A C C A A A A A
3001-H32 A B D B A A C B
-H38 A C C B A A B B
3105-H14 A B D A A A A A
-H25 A B D A A A A A
5005-H14, H34 A B C B A A B A
-H18, H38 A C C B A A B A
5052-0 A A D C A A B A
-H34 A B C C A A A A
-H38 A C C C A A A A
5056-0 A A D * A A B C
-H38 A C C * A A A C

Contd
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ALUMINUM WROUGHT ALLOYS

Relative Ratings of Characteristics
of Some Alloys

Corro-

sion  Work- Ma- Weldability (1)
Resis-  ability chin- Braze-
Alloy & tance  (Cold) ability ability Resis-  Oxy-
Temper (1) (1) (2) (1) MIG TIG tance  Gas
5083-0 A A D * A A B *
-H323 A C C * A A A *
-H343 C D C * A A A *
5086-0 A A D * A A B *
-H34 B B C * A A A *
5357-0 A A D B A A B A
-H25 A B C B A A A A
5454-0 A A D * A A B *
-H34 A B C * A A A *
6061-0 A A D B A A C B
-T4 A C C B A A B B
-T6,7651 A C C B A A A B
6063-0 A A D A A A C A
-T5 A B C A A A B A
-T6 A C C A A A A A
6351-0 A A D C A A C B
-T4 A C C C A A B B
-16 A C C C A A B
7004-T1 B B C C A A B *
-T5 B C C C A A *
7075-T6 C C B * * * B *

(1) Ratings A through D are relative ratings in decreasing order of merit.
The * = not recommended.

(2) Ratings A through E in decreasing order of merit.

(3) Holding this alloy at elevated temperatures for long periods may
change this rating.

7 Page51



