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WELDING. MATERIALS

The student will be able to describe

common welding materials and their

characteristics.
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both a Self Assessment and a Post
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INDIVIDUALIZED LEARNING SYSTEMS

Study Guide

This guide is to be used as a "blueprint" to complete the module. Check off the

following tasks as you complete them.

1. Read the Goals and Performance Indicators on the cover of this modyle.

o

2. Study the Information\section. This mill provide you with the

information necessary to go on.

3. Complete the Self AssesSment exam and compare your answers with those
.0*

on the Self Assessment Answer Sheet. .

2

Complete the Post AsseSsment exam and turn your answers in to your

instructor.

S
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Irifotrnation
4

4
The,common materials used in welding'are metals. Metal.is an element that has'

all or most of the following characteristics:

solid at room.temperature (exception, mercury)

opaque- -can't see through

condbcts heat' and electricity

reflects light when polished

expands, when heated °

contracts when cooledk,

usually has a crystalline structure

,Most metals usedrin'industry are not pure, but are alloys. An alloy A a metai

to which another metal or non-metallic element has been added to modify the

properties of the pure metal. Since pure metals are seldom found in Iridas&Y,

-we are usually referring to an alloy when we-refer to "metal."

Those metals which contain mostly iron are called "ferrous" metals. This includes
ALL HIGH AND LOW-ALLOY STEELS. "Non'ferrous" metals contain little or rip iron.

Aluminum, titanium, brass, copper; zinc, gold_and silver are all nonerrous
J

tii

metals.

Metals are selected for use beCause of their properties. Welders must know-their .

,properties also, so that correct procedures and Metal
1.

s are selected to fill theo
requirements of the job., Properties are of two types: medhanicaj and physical.

.4
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MECHANICAL PROPERTIES

1. Compressive strength--the ability of a material to resist being crushed

2. Tensile strength--the ability of a material to resist being pulledjapart

3. Hardness--the ability of a material to resist indentation

Ductility--the to bend, stretch or twist,Without breaking. Copper
,

or soft iron have high ductility and gradually under load. fast

\iron has 16w ductility and will crack or shap suddenly under a load.

5. Brittleness--the tendency of'a metal to crack .suddenly'when placed under
_ .3

pressure.

. PHYSICAL PROPERTIES

1

1. Density-=the weight of a unit volume, such as pounds per cubic inch hbs/in

2. Resistance to corrosion- -the ahflity' of a metal to withstand the chemical

action of some other material

3. ''Electrical and thermal conductivity--generally, the metals that are the best,-0
conductors of heat are also the best con ctors of electricity. ,A conductor,

is a mater al that offers little resists e to electron movement. The best

metal conductors are silver, gold and copper. StainlesS steel is a poor
. -

heat conductor. Therefore it takes a lot more heat or electricity to melt

stainless steel than to melt cbpper, c i

4. -Thermal expansion--the increase indimensions of a solid piece of metal due

to an increase in temperature. This,expansion is measured in terms of it's
,,

"coefficient of expansibn." All metal will expand when heated and contract
. .

when cooled. This is one ! ...,the most important properties of metal in welding,

because it causes distortion,and must de taken into consideration whenhen applying
.

.

r heat.

COMMON.SHAPES OF METAL

.

Metals can belurchasechin many shapes, and, ff procured n ashape that matches
. . . ,

the needed product, can save considerable labor and meet 01,-. Of the' requirements

of .the,job. Metals come in several major shape Classifications:
. .

15;
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A. Structural and bar.shapes

1. H-BeaM 16,

P a .
2. I-Beams

3. Channel.

4. Angles

5. T's

6. Vs

B. Sheets and strips- -less than 1/4-inch thick.

C. Plate--1/4 inch or more in, thickness

D. Hot rolled barsbars which have ben shaped while red-hói and
t,

blne-black.oxide 'coating and come 'n many shapes: .

1. rOunds

2. ovals

3. halfrrounds

4. half-oval s

have a

5, squares

6.. strips

'7, bars

E. Cold finished barScold steel which is pickled and then shaped; used-when

a 'fine finish is required and accuracy of size is important:

1.

2.

3.

4.

rounds

shafting

hexagbrit

squares
.

'

5. flats

L. Tubing; may be: .

.,

1:* round
/

2. square . ,, .

, 3.' rectangular

G. Pipes; maybe:

1. thin I./ailed.,

2. thiCk walled

(See Diagram:1, following pa6e, fri4 graphic examples of these. materials.)

,
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METHODS OF METAL IDENTIFICATION

e. .6

Dissimilar r tals are not easily welded and therefore metal identification is

an. im ?ortant tool to the welder. He or she,may use any or all of the following

methods according to experience:

A. Appearance--observe the condition of surface finish, color and texture of
.

bar stocks At first they all look alike, but with experience, differences

are very soon apparent. ,

B. Spark jest--observe color and typeAf sparks from the metal being ground. c1 ."

the grinding wheel.

C. Manufacturer's stamp--the SAE/AISI number will be"stamped o the,end of

bar stock.
o

. D., Color' Code--ohserve the manufacturer's indeividual'color coding system for

various types of metals. This color code ,411 be painted o the end of the

.metal 'or, on stock smaller than one-inch, may be on a tag a tached'to the

stock.

E. Magnet reaction--will separate most non-feerbus from ferrou metals: _Non-
-. .

ferrous metal will not show any attraction to the magnet..

F. Filing the surface--apply corner or edge to the metal and make kfile cut.

Observe the freshly-filed surnce for color and texture, as thi5 removes

any oxide coating and exposes the true Color he base material.

(See Figures 2 and 3 on f011owingtwo pages for graphiCs Of identifying materials.)

METAL CLASSIFICATION

All steel is an alloy of iron and carbon, with otherelements added. to change the0

properties of the metals. There are two kinds oftteel which are each divided. into

grades: " t

A. Carbon Steel

1. Low-carbon steel, also known as machine steel or mild steel, .05 to .30

carbon

2. Medium-carboh steel; .30 to .60 carbon

3. high-carbon steel, alsp known as tool steel, .60 to 1.50 % carbon

2 1:
1



FILE TEST
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Methods of Identifying. Metals
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......, , .B. Alloy "Steel : ,,,i

-

..

..i.
. ,

1. Special alloy steel; such.as: . .

-a, nickle steel ,

b- chromium steel
40 ,

1

c. chrome-nickle steel

d. manganese steel

e. molybdenum steel

f, tungsten steel -

g. vanadium steel

2. High-speed steel-=contains one or more_af the special alloy-steels; also

known as high.-speed:tool steel.

SAE/AISCESIGNATION

Thejmerican Iran and Steel Institute (AISI) set up a system of steel classification

'Jqr most standard steels., This system, with ;some, modificktion, was adopted by

the,Society. of AutomotiV; Engineers (SAE). This system is 'based on the chemical

and.other alloying elements. Each metal composition -is assigned a ntimbeis, with

-,-both A/SI,and SAE using a similar number.

Each kind afl-steel has a number four or five digits (usually four). The first

- digit-tells-what kind of ,steel it is: 0

.1XXX is a carbon steel

2XXX i s 11--nickle steel

3XXX is a'nickle-chromium steel, and so forth

For the simple alloy steels, the second digit generally (but not always) tells the

approximate percentage of the major',alloy represented by the first'digit. The

last two or ,three digits tell the average pfrcentage of carbon the steel contains

in "points," ovhupdrgdths of a percent. Therefore, 3140 means that the.nickle-

chromiunisteel is about 1 .percefiCnickle and .40 percent carbon. 52100 means that
4

the, chromium steel (5XXXX),)contains'about 2 percent chromium end about 1 vercent

'(XX100) carbon.
,

S

AISJ numbers preceded by a letter (E XXXX)'iridicate that a specific process was

4
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used in manufacturing the steel,.

IIIAISI Uses a different system for classifyihg stainless steel. They usually
,

\ wry three .dlgit numbers (302,.347, etc.). SAE uses the same number but precedes

it with'a "30" for non-hardenable nickle-chromium alloys and a "50" for hardenable

,alloys. Thus, 'AISI 304 is the same composition as an SAE 30304.

c
('See Diagram 4, following page, 'for graphic 'representation of designations:)_

CLASSIFICATIONS OF.ALUMINUM

Aluminum is assigned a four-digit number with the first digit4representing the

most significant alloying element. "1 XXX" series contains at least 99 percent

aluminum. 401XX contains,notmore than one percent of all other elements.

"2000 " seriesvcontains up to almost 7 percent copper.. 11'"50.00it series contains

magnesium as the main'alloy. "4000" series contains silicon and .is used primarily

as "filler' metal for welding...

r

The last two digits have little significance except.in the ."T000" series. With

aluminum, the treatment it receives at the foundry is extremely important, and the

final two numbers designate the "temper" of the.material.
a

(See Diagram 5, second page following,, for graphics of aluminum ID mat;:kingS.)

EXPANSION AND CONTRACTION

Heat causes metal to expand, cold causes metal to contract. There are. two key

points to remember abut 'expansion and contraction: 0

1. First, that changes will be the same in all directions if nothing restrains

the expansion.
0

2. Second, that jf expansion is restrained in one dimension, all the others WI1
be increased, and often the change& will be permanent.

In welding operations, heat is generally applied to an edge; not.to the entire

piece.- The cooler metal away from the edge will act as a restraint against both

uniform expansion 4during welding, and uniform contraction during cooling. This .

will cause some distortion. This distortion results in bending of the metal.

z
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SAE/AISI Designations

SAE1020

- Society ,of Automotive

Engineers

Low carbon steel'

With zero alluy

AISI C 1020

Percentage of carbon

itISI American Iron Fiutnace process Low carbon Percentage
-

and ,Steel Institute . group of carbon

AISI E 2512

AithiAmerican Iron Electric furnace' Nickel . Percentage Perkitoge

and.SteelpinstituteA of Ni alloy of carbon

.16
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'Identification M6rkings.
:

-.2024 -;,1"6 AO.

Aluminum Copper Alloy' Solution heattreated, Aircraft Quality

artificially aged \

5456 H32 All

Aluminum-Magnesium Alloy Strain hardened,

then stabilized

1.7

/4 hard
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Idenfification ,Markings

2024 T6 Ao.

Aluminum Copper Alloy Solution heat 'treated, Aircraft Quality
V

artificially aged

5456 H32 AO:

_Aluminum-Magnesium Alloy , Strain hardened, Ya hard.

then stabilized -

18



To overcome this problem and to relieve the stresses caused by the welding, the

welder fOlows some simple procedures. These include any or 'all of the following

A. Proper edge preparation and fit up. This means making the correct bevels or.

the edges. Allow a space between thetpieces to be joined. Use' tack welds.

Weld longer welds before the shorter welds.

B., Minimize heat input;.weld as rapidly as good welding will allow. Use a skip

or intermittent weld. Use the back step method.

C.'Preheating. On many pieces, distortion can be controlled by preheating the

entire piece or structure, before welding is started.

D. Peening. To help the metal stretch as it cools peen or tap it lightly as

it,cools, with the round end of a ball peen hammer.

E. Heat Treatment. This firlished structure is placed in an oven or furnace

capable of uniform heating. The metal soaks in the prescribed temperature;

and then is gradually cooled.

J. Jigs. and Fixtures. These are devices which hold the pieces of metal rigidly

in position during the welding operation, preventing excessil distortion.

G. Number of passes. Distortion_ an be heldoto a minimum by using, as few pass
over the seam as possible.

.

H. Parts out of position: bile of the simptest things to do is to angle the

pieces slightly in the oppositedirection%in which contraction will take.

place,
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Self

Complete each statement by writing the appropriate phrase in theblanks provided.

T. Most of the metals used in the welding industry are

2. Metals have two types of properties, and

3. The ability of a material to resist being crushed is strength.

4. Metal will

6. Heating metal causes

when heated.

6. Hot rolled bars of metal have a color which is

7. Name two ways' to identify metal:

,...,....

9

'20

and

J
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using the,.tabl s that follow, give a metal analysis for each of.ihe numbers ;listed,,
below. First, Locate the SAE number in the left column, en locate and list the
AISI number in he,-cLtron next.to it. Locate and list the t pe of metal it ,is
(from the major hart heading above the various portions ,of *the chart, 'such as'
"garl?on steels,",or "nickle steels."). Locate and list ..the carbon percentage
in the third adjacent right column to the SAE number.

A

1. 1010 2. 1040 3.- 1085 4. 1112 5. 1117

6. 2340 7. 4145. 8. 5132 9.' 8640 10. 9315:

N
SAE No. AISI No. Type % carbon

1'

2

31
.. 0

5

6-
7

'8
9

.4r
10

2,

P
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From combined standard steel list; of American Iron 1n4 Steel Instauteand Soe ety of Automoti4 Engineers. Inc.

O

1

ASSIGNMENT SHEET #1
°

CARBON STEELS'
a

OE
NUM.
BER

1441

AISI
NUMBER

CHEMICAL. COMPOSIT1ON LIMITS, PRCENT SAE

NUM-
BER

1941

AISI
NUMBER

CHEMICAL COMPOSITION LIMITS, PERCENT
.

CARBO A MANGANESE PHOSPHORUS SULFUR CARBON MANGANESE tHOSPHORUS SULFUR

1001 C 16011 0.10 max 0.25/0,50 0.040 0.050 1041 , C 1041 0.36/0:44 1.35/1.65 . 0.040 4 0.050
1010 C 1010 0.08/0.13 0.30/0.60' 0.040 0.050 N 1042 C 1042 0.40/0.41 0.60/0.90 0.040 0.050

C 1012 0.10/0.15 '0.30/0.60 0.040 - 0.050 0043 C 1043 0.40/0.41 0.10/1.00 0.040 0.050
1015 C 1015 0.13/0.18 0.30/0.60 0.0401'

1
0.050 .. 1045 C 1045 0.43/0.50 0.60/0.90 , 0.040 tr:lio

irs C 1016 ,A13/0.15 0.60/0.90 0.040" 4k.'.- '0.050 1046 C 1046 0.43/0.50 0.10/1.00 0,040 0.050
1017 C 1011 0.15/0.20 0.30/0.60 0.040 0.050 C 1049 0.46/0.53 0.60/0.90 0.040 0.050
101$ C 1011 0.15/0.20 0.60/0.90 0.040. 0.050 1050 C 1050 0.45/0.55 0.60/0.90 0.040 0.050'
1019 C 1019 0.15/0.20 0.10/1.00 . . 0.040 0.050 '' 1052 C 1052 0.41/0.55 1.20/1.50 0.040 0.050 -

1020 C Ion 0.18/0.23 0.30/0.60 0.040 0.050 401 C 1053 0.48/0.55 0.10/1.00 05340 0.050
C 1021 0.18/0.23 0.60/0.90 ,.0.040 ^0.050 1055 C 1055 0.50/0.60 0.6010.90 0.040 0.050

1022 C 1022 0.18/0.23 0.10/1.00 0.040 0.050 1060 C1060 0.55/0.65 - 0.60/0.90 0.040 0.050
C 1023 -0.20/0,25 0.30/0.60 0.040 0.050 1065 C 1065 0.60/0.10 2.60/0.90 0.040 0.050

1024 C 1024 0.19/0.25 1.35/1.65 0.040 0.050 C 1069 0.65/0.15 -0.40/0.70 . 0.040 r i 0.050
1025- C 1025 0.22/0.25 0.30/0.60 0.040 0.050 1010 C 1010 0.65/0.15 0.60/0.90 0.940 l }050

C 1026 0.22/0.23 0.60/0.90 0.040 0.050 C 1012 0.65/0.16 540/1.30 0.040 i 0.050
1027 C 1027 022/0.29 1.20/1.50 0.040 0.050 C 1015 0.10/0.80 0.40/0.10 .. 0 040 . 0.050

. _

C 1029 0.25/0.31 0.60/0.90 0.040 0.050 1018 C 1018 0.12/0.85 0.30/9.66 0.040 0.050 .-
1030 C 1030 0.28/0.34 0.60/0.90 0.040 r 0.050 1010 C 1050 0.35/0.88 0.60/0.90 0.040 0.050
1033 C 1033 0.30/0.36 0.10/1.00 0.040 0.050 - C 1084 0.80/0,93 0.60/0.90' 0.040 i 0.050
1035 C 1035 0.32/048 0.60/0.90 0.040 0.050 1085 C 1085 0.80/0.93 0.10/1.0fr ' 0.040 0.050. .... .

-,
1036 C 1036 0.30/0.31 1.20/1.50 0.040 0.050 C 1086 0.82/0.962/0.96 0.30/0.50 . Yf. 0.01k 0.050

C 1031 0.35/0.42 0.40/0.10 0,040 0.050 1090 C 1090 0.85/0.98 0.60/0.90 0.040 0.050
1031 C 1038 0.35/0.42 0.60/0.90 goo 0.050 1095 C 1095 0.90/1.03 0.30/0.50 0.040 0.050

C 1039 0.31/0:44 0.10/1.00 0.040 0.050 B 1010 0.13 max 0.30/0.60 0.01/0.12 0.060
1040 C 1040 113/0.44 0.60/0.90 0.040 0.050

FREECUTTING STEELS (OP NHEARTH SCREW STEELS) :"
C 1108 0.01/0.13 0.50/0.80 0.040 0.01 /0.i2 C 1132 0.27/0.34

,

1.35/1.65 0 040
i
1 0.03/0,13

1109 C 1109 0.08/0.13 0,60/0 90 0.040 0 08/0.13 1131 C 1131 0 32/0.39 1.35/1.65 0.040 ' 0.08/0.13
C 1110 0.01/033 0.30/0.60 0.040 0.08/0.13 11311 C 1138 0 34/0.40 0.10/1.00 0.040 , 0.08/0.13
C 1111 0.10/0,16 1.00/L30 0 00 0.24/0.33 1140 C 1140 0.31/0.44 0.10/1.00 0.040 0.08/0.13

...1115 C 1115 0.13/0.15 0.60/0.90 0.040 0.08/0.13 1141 C 1141 0.31/0.45 1.35/1 65 0.040 0:08/0.13
1116 C 1116 0.14/0.20 1.10/1.40' 0.040 0.16/0.23 1144 C 1144 0.40/0.48 1.35/1.65 0.040 0.24/0.33
1117 C 1111 0.140.20 1.00/1.30 0 046 0.08/0.13 1145 C 1145 0.42/0.49 0.70/1.00 0.040 `. 0.04/0.01
1111 C 1118 0.14/0.20 1.30/1.60

.

0.040

,

0.08/0.13
...i.

1146 C 1146 0.42/0.49 0.10/1.00 0.040
. 4

0.08/0.13

1119 C 1119 0.14/0.20 1.00/1.30 0 940 . 0.24/0:33 C 1145 0.45/0.52 0.70 /1.00 0.040 0.04/0.01
1120 C 1120 0.18/0 23 0.70/1.00 . , 0.040 0.03/0.13 1151 C.1151 0.41/0.55 11.70/1.00 4-0.040

C 1125 0.22/0.21 0.60/0.90 ' 0.040 0.08/0.13 .

74.01/0.13
.

FREECUTTING $TEELS (BESSEMER SCREW STEELS)
1111 B 1111 0.13 max , 0.60/0.90 0.07/0.12 0:01/0.15 T 1113 B 1113 0.13 max' 0.10/1.00 0.01/012_ 0.24/0.33
1112 B 1112'0.13 max 0.70/1.00 0.01/1.00 0.16/0.23. .
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ASSIGNMENT SHEET #1

COMBINED STANDARD STEEL TABLE,

ci

SAE

_NUM-
BER

1948

A1S1

NUMBER

°CHEMICAL COMPOSITION LIMITS. PERCENT

PHOSPHORUS SULFUR

CARBON. MANGANESE MAX MAX *SILICON NICKEL CHROMIUM

MANGANESE STEELS (MANGANESE IN ALLOY RANGE)

MOLYBDENUM VANADIUM

1320

1330

1335

1340

1320

*1321

1330

1335

1340

0.18/0.23

0.17/0.22

0.28/0.33

0.33/0.38

0:38/0.43

1760/1:90

1.80/2.10

1.60/1.90

1.60/1.90

3.60/1.90

C 0.040

0.050

0.040

0.040

0.040

0.040

0.050

0.040

0.040

0.040

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

"r

,

...-

NICKEL STEELS

2317

2330

2340

2345

2512

2515

2517

23 0

)7
2 35
2310

,

2345

E 2512

2515

E 2517

0.15/0.70

0.28/0.33

'0.33/0.38
0.38/0.43

0.43/0.48

0.09/0.14

0.12/0.17

0.15/0.20

0.40/0.60

0.6010.80

0.60/0.80

0./0/0.0;

0.70/0.90

. 0.45/0.60
0.40/0.60

0.45/0.60

0.040

0.040

0.040 Q

0.040

0.040

0.025

0.040

0.025

.

*

0 040

0.040

0.040

0.040

, 0.040

0.025

0.040

0.025

- 0.20/0.35
0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

3.25/3.75

3.25/3:75

3.25/3.75
3.25/3.75

3.25/3.75

4.75/5.25

4.75/5.25

4.75/5.25

.

°

.

-
-

.

.

NICKELCHROMIUM STEELS

3115

3120'
3130

3135

3115

3120

3130

3135

0.13/0.18

0.17/0.22

0.28/0.33

0.33/0:38

0.40/0.60,

0.60/0.80

0.60/0.80

0.60/0,80

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

-

1.10/1.40

1.10/1.40

1.10/1.40

1.10/1.40

0.55/0.75

0.55/0.75

0.55/0.75
0.55/0.75

'
3140 3140' 0.38/0.43 0.70/0.90 -,, 0.040 0.040 0.20/0.35 1.10/1.40 0.55/0.75
3141 3141 0.38/0.43 0.70/0.90 0.040' 0.040 0.20/0.4. 1.10/1.40 QJ8/0.90
3145 3145 0.43/0.48 0.70/0.90 0.040 .0.040 0.20/0.35 1.10/1.40 0.70/0.90 ,.

3150 3150 0.48/0.53 0.70/0.90 0.040 0.040! 0.20/0.35 1.10/1.40 0.70/0.90 '
11 .. --- .

3310 E 3310 0.. 68/0.13 0.45/0.60 0.025 0.025 '0.20/0.35 125475 1.40/1.75

3316 E 3316 4.14/0.19 0.45/0.60 0.025 0.025 0.20/0.35 3.25A.75 1.40/1.75 -

-MOLYBDENUM STEELS ,
.

4017, 4017 0.15/0.20 0.70/0.90 0.040 0.040 0.20/0.35 0.20/0.30
'4023 4023 0.20/0.25 0.70/0.90 0.040 0.040 0.20/0.35 0.20/0.30
4024 4024 0.20/0.25 010/0.90 0.040 0.035/0.050 0.20/0.35 - ;, 0.20/0.30
4027 4027 0.25/0.30 0.70/0.90 0.040 0.040 0.20/0.35 0.20/0.30 .

4028 4028 0.25/0.30 0.70/0.90 0.040 0.035/0.050 0.20/0.35 ., , 0.20/0.30
4032 4032 0.30/0.35 0.70/0.90 0.040 0.040 0'.20/0.35., 0.20/0.30 4/ .

From combined standard steel bats of American Iron and Steel Institute and Society of Automotive Engineers. Inc.

I



_0 

iP 

. 
t , 

sa 

, 

. 

.. 

, . 

1 

, . 

. 

. 

. 

' 

oroioro 
oro/oro 
oroiore 

orotoro 
Lro/oro 

OV0 /Or0 
OV0 /Or0 

LrO/OZ*0 

K'0 /01'0 0K'0 /01'0 

oroioro 

. Lro/oro 

OV0 /Or0 
WO/5r0 

OVO/Or0. 
oroioro 

oroioro 
oroioro 

- sroisro 
snit ro 

trait t*o 
sroisro 

snit ro 
moil ro 

SrO/SQ 
sroioro 
sroioro 
GrO/SIT 

0e0/0r0 
oro/oro 

' oro /oro 
on/or° 

. 

. 

oro/oro 
oro /oro 

4. 

oro/oro 
oro/oro 

oroioo 
oroioro 

o rtioro 
or Lion, 

or Aro 
or Aro 

o raw° 
o LI/or° 

rO r l/01'0 

o r Lion 
01'1 /08'0` 

o rtioro 

. 

steis/ 
we/sr 

srtisre 

srtisrt 
orzisr t 

001/S91 
00T/59'1 

001/591 

00 Val 
orasr 1 

orti r t 

0 /S91 
1/0YI 
91 

col t 
I 

oia/sr 1 

Grassi 

. 

' 

404 

, 

. 

micro 
sro/oro 
soioro 

\ ;repro 
iro/oro 
Sr0/01'0 

t ro/oro 

SE*0/0r0 

sro/oro 
sro/oro 
cro/oro 

SVO/OtO - 
19111SZ*0. 

micro 
micro 

sro/oro 
svoioro ''' 

sr° /on 
croioro 

svoioro 
gyp/oz.° 

SV0 /Or0 
sroioro 

St'0 /Or0 
. 

S£'0 /Ora 
seo/oro 
micro 

Sri /Ora 
sroioro 
micro 
macro 

mini 
sroioro 

opro 
on 
otro 

otro 
coo 

INV- 
°ro 

ROT 
. 1:0'0 

otro 
stro 

op 
orb 
otoo ' 
otro 

. 
two 
two 
otro 
otro 

otoo 
0 0*0 
0 0*0 

SZ0'0 

900 
Sin 
SZ0*0 

cm 

0 0'0 
otro 
owe 
ooo 

otvo 
ro 

otro 
otro 
otcro 

on 
szro 
OPO'0 

010*0 

SZO*0 

0 0r.0 ` 

atoll 
szol 

....- ...., 

atoll 
- oiro 

cool 
. 

otro, 

. 
atoll 
otro 

0 er0 
otro 

otro 
0 0*0 
iS tO '0 

SZO*0 

OPO'0 

510.0 ' 

,. 
510'0 

otro 

010'0 
o:o '0 

Oro 
ooo 

..e ' 
otro . 

. 
Q10'0 

, 

.... 

i 

Oroion 
on/or° 
oroioro 

ordoro 
oroioro 
010/09'0 ' .06'0/0f0 

S9'0/S'0 
oro/oro 
sro/sro ' 
sroisi*o 

sroiso 
sroisro; 

. 
oio /oro 

oro/oro 

sroisro 
sroistlo 

or Lisa 
or t/skp 

or tisro 
or t/Ko 
or Lisa 

oroioro 

oro/oro 
060/0L'O 

, 090/0r0 
o9'0 /Oro 

001/SLII 
001/SL'O 

or lisro 
oro/oro,. 

oro/oLt 
0611/0f0 

troitro 
oro/sro 
toiero 

s nip ro 
trO/K0 
£r0/11V0 

tr0/111'0 

ltl/WO 
qois ro 
arch ro 

oro/sr0 

von ro 
tro/gro 
tram 
wan 

zroiL ro 
oro/sro 
ero/to 
oroisro 

oroitro 
sroioro 
eroiero 
oroisro 

oroisro 
K'0 /Fell 

SE*0/0V0 

mica 

OCO/E91 

Lr0/091 
,sroioro 
oroisro 

sro/oro 
09'0/S£'0 

ozot 

LIP , 
Std 
i 
zip 
Mt 3 

Mt 
MP 

OM 3 
. 

ozotjc 
ozo 
1199 3 

0 let 
10 
oto 
Lap 

. 

out 
L to 

OS it 
Lt it 

- 
St it . 

tut . 
ot tt 

- Lett 3 

Lett 
SLIP 3 

h 

ZEI 3 

am 

. 
1901 

090 
trot 
OOP 

, . 

trot 
LEO 

on, 
loth' 

nit 

OM 
,IZit 

. 

out x 
out 

L Mt 

0I9 
109, 

- ottt 

. 

oze 
LLD 

os tt 

. 
sttt 

out 

Lt tt 

OM 

, 
ISO 
t9Ot 

not 
DO 

zo 
LCO 

0311NliNO3 S133.13 1911N308A1004 

9111109NVA 9111N308A1094 VinnloaHo 1303IN 140311IS xvvi 3S31.19514919 NOSH 93 93991194. 1139 

nrin s SOdOHdSOHd ISIV 
s 

-191111" 

1N3 3413e1 *S1114111 liOLLIS0e114103 193 p93H3 
1161 

, . 
VS 

(Pen9Pu03) 31gV1 13315 atiVONVIS 93NISIA103 

L# 13314S If4-91A1NDISSV 

4 

4 



w

ASSIGNMENT SHEET #1

COMBINED STANDARD STEEL TABLE (continued)

SAE

NUM-
BER

1941

AISI
NUMBER

CHEMICAL COMPOSITION LIMITS. PERCENT

CARBON MANGANESE

PHOSPHORUS SULFUR

MAX MAX SILICON

CHROMIUM,STEELS

NICKEL CHROMIUM MOLYBDENUMI VANADIUM

5045

5041%

5120

5130

5045

5046
5120

5130

0.43/0.48
0.43/0.50
0.17/032

1.28/0.33.

0.10/0.90
0.15/1.00

030/0.90
0, 30/0.90

0.040

0.040

0.040

0.040 *

0.010

0.040

0.040

0:040

0.20/0.35
0.20/0.35
0.20/0.35
0.20/0.15

0.55/0.15
0.20/0.35
0.10/0.90
0 80/110

,

.

5132 5132 0.30/0.35 0.60/0.80

-'
0.040 10.040 0.20/0.35 0.15/1.00'

5135 5135 0.33/0.31 0.60/0.80 0.040 0.040 0.20/0.35 . 0.611/1.35 -
5140 5140 0.38/0.43 0.10/0.90 .. 0.040 0.040 0.20/0.35 030/0.90 . .
5145 5145 0.43/0.48 0.10/0.90 0.040 0.040 0.20/0.35 0.10/0.90 '0 i -

, -4 -

5147 V41 0.45/0.'52 -_630/:,...25 11 0.040 0.040 0.20/0.35 ' 0.85/1.15
-

-7

5150 5150 0.48/0.53 030/0.90 0.040 0.040 0.20/0.35 0.10/0.90
- ,

5152 ,5152 0.48/0.55 0.10/0.90 0.040 0.040 -0.20/0.35 A 0.90/1.20 -
5180 0.55/0.65 0.15/1.00 0.040 0.040 0,20/0.35 0.10/0.90 ,

.
. . .

50100 'E mod 0.95/1.10 0.25/0.45 0.025 0.025 0.20/0.35 ' 1.40/0.60 .
51100 , E 51100 0.95/1.10, 0.25/0.45 0.025 ' 0.025 0.20/0.35 0.90/1.15'
52100 E 52100 0.95/1.10 0.25/0.45 1.025 0.025 0.20/0.35 1.30/1.60 .

CHROMIUM-VANDIUM STEELS . .
6120 0.17/0.22 0.10/0.90 0.040 0.040 0.20/0.35 0.10/0.90 11,10 min.
6145 0.43/0.48 0.10/6.90 0.040 . 0.040 0.20/0.35 0.80/1.10 0.15 min.

6150 6150 0.48/0.53 0.10/0.90 0.040 0.040 0.20/0.35 0.80/1.10 , 0.15 min.
. 6152 0.48/0.55 030/000 0.040 0.040' 0.20/0.35 0.80/1.10 0.10 Min.

NICKELCHROMIUM-MOLYBDENUM STEELS

1615

1617

1620

1622

8615
11617

MO
8622

0,13/0.18
0.15/0.20
0.18/0.23
0.20/0.25

0.10/0.90
0.10/0.90
0.10/0.90
0.10/0.90

0.040

0.040

aim
0.040

0.040

0.040

0.040

0.040

0.20/0.35
0.20/0.35
0.20/035
0.20/0.35

0.40 /0.10

0.40/0.10
0.40/0.10
0.40/0.10

1.40/0.60
0.40/0.60
0.40/0.60,
0.40/0.60

0.15/0.25
0.15/0.25
0.15/0.25
0.15/0.25

. .

,

8625 8625- 0.23/0.28 0.10/0.90 0.040 . 0.140 0.2010.35 0.40/0.10 0.40/0.60 , 0.15/0.25 -.
'1627 8627 0.25/0.30 0.10/0.90 0.040 0.010 , 0.2 5. 0.40/0.10 0.40/0.60 0.15/0.25

8630 8630 0.28/0.33 0.70/0.90 0.040. 0.040,.../6.20/0.35 0.40/0.10 0.4,0/0.60 0.1570.25
.

8632 1632 0.30/0.35 030/9.90 0.040 - 0.040 0.20/0.35 0.40/0.10 0.40/0.60 0.15/045 '
- .

8635.
'

8635 0.33/0.38 0.15/1.00-' 0.040 . 0.040 0.20/0.35 0.40/0.10 0.40/0.60 0.15/0.25
8637

MO
8637

8640

0.15/0.40
0.38/0.43

0.15/1.00
0.15/1.00

0.040

, 0.040

0.040

0.040

0.20/0.35
0.20/8.35

0.40/0.10

0.40/0.10
0.40/0.60
0.40/0.60

0.15/0.25r 0.15/0.25
.a

NO 8641 0.38/0.43 0.15/1.00 0.040 0.040/0.060 0.20/0.35 0.40/0.10 0.40/0.60!, 0.15/0.25
.

"IV
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Q. 6

ASSIGNMENT SHEET #1

./

COMBINED 'STANDARD Sint. TABLE (continued)t
SAE 1948

,

CHEMICAL COMPOSITION LIMITS, PERCENT
NUM-' AIS,1 PHOSPHORUS SULFUR I .
BER titIMBE8 CARBON MANGANESE MAX MAX SILICON NICKEL CHROMIUM ,1-:10LYBOENUM VANAOIUM

NICKELCHROMIUM MOLYBOENUM STEELS-CONTINUEO
, 1642

1645

8617 0

8650

1653

8655

8660

8720

1715

8740

8745

8160

9255

9260

9261

9262

9310

9315

9317

9437

.9440

9442

9445

9747

9163

1840
9145

9850

3642

8645

3647

8650

1653

8655

8660

3715

8120

6715

8140

8742

8745

8147

8150

9255

9260

9261

9262

E 9310

'E 9315

E 9317

9437

9440

9412

. 1445
9747

5763

9840

1.845
--...0650

0,40/0.45

0.43/0.41

0.45/030
0.48/0:53

0.50/0;56

030/060
0.5510.65

0.18/0.23

0.n/0.23,
0.33/038
0.31/0.43

0.40/0.45

0.43/0.48

'0.45/030
0.48/0.*
030/010

035/0.65
0.55/ 0.05

0.55/0.65

0.0540.13

0.13/0.18

0.15/0.20

0.35/0.40

0.38/0.43

0.40/0.45
0.43/048
0.45/0.50

0.60/0.67

0.38/0.43

0.43/0.48

0.48/0.53

0.75 / 1.041'

. 0.75/1.00
. 0.75/1.00

0.75/1.00

'''" 0.15/1.00

0.75/1.00

0.15/5.00

0.60/0.80

0.70/0.90

0.95/1.00 is
0.75/1.00

075/100 .
I.

0.4/1.00
0.75/1.00'
.75/1.00
0.10/0.95 '

./
0.70/1,00

't 0.75/1.00
0.75/1.00

0.45/0.65 1

0.45/0.65

0.45/0.65

0.90/1.20

0.90/1.20.

1.00/1.30

1.00/1.30

0.50/0.80
0:50 /0.80

0.70/0.90

0.10/0.90

0.70/0.90

'`s'

,

.

,

0.010

0.040

0.04
0.040 ,

- 0.040

0.040

0.040

0.040

0.040

- 0.040'
0.540

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040;

0.020, ',

0.025

0.025

0.040

0.040

0.040

0.040

0.040

:0iO4 0

0.040

0.040

0.040-

'

t

.

0.040

0.040

0.040

0.040

0.640

0.040

0.040

0.09

0.040

0.040

0040
0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.040

0.025

0.025

0.025

p.040

0.040

. 0.040

0.040

0.040

0.040 .

0.040

0.040

'0.040

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

010/0.35
0.20/0.35

0.20/0.35

0.20/0.45

.0.10/0
0.20/0.35

1.80/220

1.80/2.20

1.80/2.20

1.80.20
0.20/0.35

0.20/0.35'
0.20/0.35

0.70/0.35

'0.20/0.35

350.20/0.35

0.20/0.35

0.20/0.35

0.20/0.35

0251/035

0.20/0.35

1.20/0.35

0.40/0.10

0.40/0.70

0.40/0.70

0.40/0.70

0.40/010
0.40/0.10

0.40/0.70

0.40/0.70

0.40/0.70

0.40 /0.10

0.40/0.10

0.10/0.70.

0.40 /0.70

0.40 /0.10

0.4010.70

.----.
, .

3.00/3.50

3.00/3.50

3.00/3.50

0.30/0.60

0.30/0.60

`

0.30/0.60

0,30/0.60

0.40/0.70

0.40/0.10

015/1.15
0.8,5/1.15

0.115/1,15

' 0.40/0.60
0.40/0.60

0.40/0.60

0.40/0.70

0.50011-4
0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60

0.40/0.60
p.40 /0.60.

.

0.10/0.25

0.25/0.40

1.00/1.40

1.00/1.40

1.00/1.40

0.30/9.50
0.30/0.50

.

0.30/0,50

0.30/04
0.10/0.25
0.10/0.25

0.70/0.90

0.10/0.90

0.70/0.90

0.15/0.25

0.15/0.25

0.15/0.25

0.15/0.25

0.15/0.25

0,15/0.25

0.15/0.25

0.20/0.30

0.20/0.30

0.20/0.30

0.20/0.30,

0.20/0.30

0.10/030
0.20/0.30

0.20/0.30

0.03/0.15
I

0.08/0.15

0.08/0.15

0.08/0.15.

0.08/0.15

0.08/0.15

0.08/0.15,

0.15/0.25

0.15/0.25

.0.20/0.30

0.20/0.30

0.20/0.30

- ,

.

I

. .
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ASSIGNMENT SHEET #1

Rapid Identification of Metals

Metal Surface Appearance
or markings

Reaction to a
Magnet

Color of freshly
filed surface

o ,

White cast iron Dull gray Strong Silvery white

Gray cast iron Dull gray Strong Light silvery gray

Aluminum Light gray to white
dull or brilliant None White

Brass Yellow to green or
brown None

Reddish yellow to
yellowish white

Bronze Red to brown None
Reddish yellow to
yellowish white

, Copper Smooth; red brown s-
to green (oxides) None Bright copper

color

Copper - nickel' Smooth; gray to
yellow or yellowish
green

'None Bright silvery
white

VOW

Lead White to gray;
smooth, velvety None White

Nickel Dark gray; smooth;
sometimes green
(oxides) .

Medium Bright silvery.
white

Nickel-copper Dark gray, smooth Veri*slight Light gray

Plata aithon steel 'Dark gray; may be
rusty Strong Bright silvery

gray

Stainless steel (18-8)
(25-20),"Note 1 below".

Dark gray: dull to
brilliant; usually
clean

None (faint if
severely cold
worked)

Bright silvery
gray

Zinc' Wititish blue, may
be mottled None White

1. Stainless steels that hUve less that 26 percent alloying elementZreact to magnet.


