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This guide is to be used as a "blueprint" to c6mp1ete the module. Check off the
following tasks as you complete them. )

LY

1. " Read the Goals and Performance Indicators on the cover of this moqy1e.
2. Study the Informat%én\ggction. This will provide you with the
information necessary to go on. * . 4
3 " 3. Complete the Self Assessment exam and compare your answers with those
, ' on thE Self Assessment Answer Sheet. . N
o . "
o L ;
4, Complete the Post As;eésment exam and ?urn your answers in to your .
- . instructor, . o
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The,conmon:naterials dsed in we]diuo'are metals. Metal.is an element that has'

all or most of the following characteristics:

1)

solid at room.temperature (exception, mercury)
opaque-<can't see through , _
conducts heat and electricity . o

reflects 1ight when polished - '
expands when heated j . . ‘ S et

¢ contracts when cooled . , . . .

An alloy i% a metal
to which angther metgl or non-metallic element has beeh added to mod1fy the
propertles of the pure metal. Since pure metals are seldom found in 1ndastry,
*we are usuél]y referring to an al]oy when we ‘refer to "meta] wol -

usually has a crystalling structure *
Yoo e

., Most metals used,in‘industry are not pure, but are a]loys )

H

Those meta]s wh18h contain mostly iron are ca]]ed "ferrous" meta]s Th1s 1nc1udes
ALL HIGH AND LOW-ALLOY STEELS. "Non' ferrous" metals contain 11tt1e or np iron.
Aluntinum, t1¢an1um, brass, copper, zinc, gold and silver are all non- ferrous »

s

metals ‘ V ' . AU

0

s . i

Metals are seTected for use because of their properties.

welders must know - the1r

propeft1es also, s0 that correct procedures and meta]s are se1ected to fill the '~
requ1rements of the Job Propertiés are of two types. mechanica] and physical.

-~
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’ : MECHANICAL PROPERTIES , ] Ly

1. Compressive strength--the abi]ity'of‘a material to resist being crushed
2. Tensile strength--the ability of a material to resist being pu]]ed,apart*
3. Hardness--the ability of a material to resist indentation
%‘ -Duct1]1ty--the ¥b1]1ty tokhend stretch or twist, w1thout break1ng Copper .
or soft dron have high ductility and will fa11 gradually under load. ‘Gast -
. Yiron has low ductility and will crack or shap suddenly under a load. '
5. Brittleness--the tendency of a metal to crack -suddenly ‘when placed under

9 - "
~ pressure. i - , . | .

PHYSICAL PROPERTIES
XX
Dens1ty—-¢he weight of a urdt volume, such as pounds per cub1c dnch z]bs/1n3)
2. Res1stance to corrosion--the ah111ty of a meta] to withstand the chemical
- act1on of some other mater1a]
EJectr1ca1 and therma] conduct1v1ty--genera1]y, the metals that are the best, ~
conductors jof heat are also the best conisctors of e]ectr1c1ty A conductor .
is a materjal that offers Little resistance to electron movement. The best
metal conductors are silver, §old and copper. Stainless steel is a_poor
heat conductor. Therefore it takes a lot more: heat or e1ectr1c1ty to me]t A
stainless steel than to melt copper. . .
- -Thermal expansion--the Jncreas€ in-dimensions of a solid p1ece of metaldue
to an 1ncrease in temperature This expansion is measured in terms of it' S ~
coeff1c1ent of expansion." A1l metal will expand when _heated and contract
_;,' o when <ooled. This is one Qv_the most important propert1es of metil in we]d1ng,
| ‘ because it causes d1stort1on and must be taken into cons1derat1on when app1y1ng X
TN heat. e

. » -~ 4 ? -
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COMMON. SHAPES OF METAL
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Meta]s can be ﬁurchased in many shapes, and, if procured n a.shape that matches - .
K n

. the needed produgt can save considerable labor and meet &% of the' requ1rements

‘ of the . job. Meta]s come in several major shape c]ass1f1cat1ons

c e - . ’




A. Structural and bar.shapes - -
1. H-Beam . ' C
. I-Beame '
Channel. . .
Angtes
T's
I's
B. Sheets and strips--less than ]/4-inch thick
C. Plate--1/4 1nch or more in thickness

D. Hot rolled bars--bars which have bten shaped wh11e red- hot and have a: -,

blae-black: oxide coat1ng and come n many shapes . o
1. rounds- ‘ - .o
2. ovals . - NN -
3. half-rounds . o -

Mn4. half-ovals > : L . o
5. squares ’ __— Y

!

6.. strips : ‘ A S .
*7. bars

!
V)

[}

t

~ ¢

E Co]d finished bars-%cold steel wh1ch is p1ck1ed and then shaped used’ when

L a fine finish i< requ1red and accuracy of size is 1mportant s
1. ' )

8, .

rounds ‘
_ 2. shafting . . .
. . 3. hexagbns . . .
© "4, squares . - K .ot
5. flats .- e
F.. Tubing; may be: o, o
1 round S
2.~square R g . -
3.0 rectangu]ar
G. P1pes, may.be: - , >
© 1 thinwalled™ ‘ .

’ i J ., .
2. thick walled oo S R
4 T .e . ) - ',’ ." 2 , < .
,'/,{ \ ~ * ! . k] [~ . ~ <

i (See Diagram:1, following pade, f8F graphic examples of
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' ‘ METHODS OF METAL IDENTIFICATIGN
. - ’ . . .8
.Dissimilar néta]s are not easily welded and therefore meta] identification is
o an.1mPortant tool to the welder. He or she Jnay use any or ‘all of thé following
methods according to exper1ence - ) ¢
A. Appearance--observe the condition of surface finish, color and texture of

' bar stocks At first they all look a11ke but w1th exper1ence differences

-

L4

are very soon apparent. ..
. Spark Jest--observe co]or and type\éf sparks from the meta] beﬁng ground. cn .
the gr1nd1ng whee]
. Manufacturer's stamp--the SAE/AISI number will be stamped orl the .end of .
bar stock. X ’
.\Co]or Code--observe the manufacturer s individual’color coding system for
various types of metals. This color code Wwill be painted on the end of the
-metal or, on stock sma]]er than one-inch, may be on a tag atltachéd to the -

stock. - . . g _— T p

. Magnet reaction--will separate most non-fenrbus'from ferrous Tetals.” Non-
., Q
ferrous metal will not show any attraction to the magnet..

. Filing the surface--apply corner or edge to the metal and make a_ file cut.*
Observe the fresh]y filed surface for color and texture, as this removes

v

any oxide coat1ng and exposes the true color é%%the base material. .

)
-

(See Figyres'Z and 3 on following»two pages for graphics of identifying materials.)

.. ‘~ N

METAL CLASSIFICATION ‘ ; .o o

. - . ) ) o R
AN stee] is an alloy of iron and carbon, with other elements added to change the
propert1es of the meta]s There are two kinds of ‘Steel which are each divided in%
grades “ o, . s | ~ :

A, Carbon Steel . - o .

L Low-carbon steel, also known as mach1ne stee] or mild steel, .05 to .30
carbon . g ) "
2. medfum-carbon steel; .30 to 60 carbon \

3. high-carbgn steel, alsp kndwn as tool stee], .60 to 1.50 % carbon




~* Methods of Identifying. Metals -

W

FILE TEST S
- 'SPARK TEST .

t

Safety Goggl'e)s o o
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B. Alloy Steel g, S ’ R
BERS Special alloy steel, such as: ¢+ . SRR ' . ' i -
a. nickle 'steel — , ' s )
b..chromium%steel ]
c. chrome-nickle.steel s
d. manganese steel
e. molybdenum steel R
_f. tungsten steel ,
' lg. vanadium stee] . . t .' P .
2 H1gh-speed steel--conta1ns one or more of the special alloy-steels; also
known as hlgh speed tool steel. . } S . .
. 3 *

SAE/AIST- bESIGNATION

N
c!’\

The;Amer1can Iron and Stee] Institute {AISI) set up a system of steel c]ass1f1cat1on
> for most standard stee}s . This system, with :some modification, was adopted by

the Socxety of Automot1ve~Eng1neers (SAE) This system is based on the chemlcal
and other al]oy1ng e]ements Each metal compos1tion is ass1gned a number, w1tb
both AISI and SAE" us1ng a similar number. e :

a~

Lo
Each k1nd oﬂ;stee] has a number w1th four or five d1g1ts (usua]]y four) The first

d1g1t teHs what kind of stee] it is: . " - ) © e :
.1XXX is ‘a carbon steel . - .
2XXX s -a-nickle steel ’ :4, e u“\ﬂ' o -
- 3XXX is a‘nick1e-thomium steel, and so forth ot .
4, * ‘f * é

For the s1mpTe aI]oy stee1s, the second digit generaTly (but not a]ways) te]]s the
approxlmare percentage of the major alloy represented by the f1rst digit. ‘The

B last two or three digits tell the average pgrcentage of carbon the steel conta1ns

in "po1nts,“ or: hundr!dths of a percent. Therefore, 3140 means that the nickle-

chromlum steel is about 1 perceﬁé’n1ek]e and .40 percent carbon. 52100 means that

the, chromium steel (5XXXX)»conta1ns about 2 percent chromium and about 1 yercent .°\
(XX]UO) carbon. L. ' e

.

:AISI numbers preceded by a letter (E'XXXX)‘indieate that a specific process was

. "“’,
% .- ‘ . e '
- N . .




‘° used in manufac'turfing the steel.

‘ AISI uses a d1ffer‘ent system for c]ass1fy1ng stainless steel. They usually

\ carry three d1g1t numbers (302, 347, etc. ) SAE uses the same number but precedes
it with'a "30" for non- hardenab]e nickTle- chrom1um alloys and a "50" for hardenab]e
.alloys.* Thus, AISI 304 is the same composition as an SAE 30304. ) . o

) ) <
‘(See Biagram 4, following page, ‘for graphic representation of designations:).

' ¢

CLASSIFICATIONS OF .ALUMINUM

Aluminum is assigned a four-digit number with the first digiterepresenting the
most significant alloying element. "1 XXX" series contains at least 99 percent

aguminum. #+11XX " contains.not'more than one percent of all other elements.

2000 " series.contains up to almost 7 percent coppeér. Sugoo0 series contains
magnesium as the main ‘alloy. "4000“ series conta1ns silicon and .is used pr1mar11y
s "filler" metal for welding. . : e

a
o - .

The last two digits have little significance except.in the "T000" series. With
a]um1num the treatment it receives at the ‘foundry is extremely important, and the
f1na1 two numbers designate the "temper" of the.material.

“(See Diagram 5, second page-following, for graphics of aluminum ID magkingé.)

.

~ ExPANSPON AND CONTRACTION
Heat causes meta] to expand, co]d causes metal to contract. There are twa key ’
po1nts to remember about expans1on and contraction: o S
1. First, that changes w1]1 be the same in all directions if nothing restrains
the expansion. ,
2. Qecond that if expans1on is restrained in one dimension, all the others w+1°
\: b@mcreased and often the changes 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 w1H act as a restraint against both
uniform expansion dur1ng welding, and un1fbrm contract1on during cooling. This .

will cause some distortion. This d1stort1on resu]ts in bending of the metaJ,

1‘2




SAE/AISI -Designatioris - -
SAE 1020
7

. Society of Automotive E Low carbon steel’ Percentage of carbon .
Engineers _with zero altoy o

- ~ AISI € 1020
R

’KISI Amenean Iron Fufnace process Low carbon Percentage

- and Steel Instltute . S . group - of carbon

Tl e T AISIE2512, o

. ~U ' L

~ AISI American Iron  Electric furnace Nickel . Percentage Perce ntage
-and Steel Institute, - : - of Nialloy ‘of carbon

NI G 1 5 o : ) .
P TS L L s N o o : R i . ) ’ .o . .
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Identification Markings
SN . “

Alumingm'COpper Alloy  Solution heat treated, - Aircraft Quality
. " artificially aged |,

o . .

{ 5456 H32 AQ 3:

N

- AIuminum-Magnesmm_Alloy - Strain hardened, % hard
' o then stabilized

17
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.ldenfification Markings .

\

( 2024 6 AQ E

. \ ;'__y k_rl ;q-/

‘Aluminum Copper Alloy” : Solution heat treated,  Aircraft Quality

\"‘('

artificially aged

‘
‘ )
) )
. (1 .
3

_Alljmi'num-Magnésiu’m Alloy '.Stra'in‘ hardened, | Y hard.

- - then stabilized
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To overcome this problem and to relieve the stresses caused by the welding, the -
welder fqllows some simple procedures.
> . _ .
A Proper edge preparation and fit up. Thig means making the correct bevels or.
the edges. Allow a space between the.pieces to be jojﬁed.
Weld longer welds before the shorter welds.
B. animize heat input;.weld as rapidly as good welding will allow.
or intermittent weld. Use the back step method.
On many pieces distortion can be controlled by hreheating the
entire piece or strdcture befare welding is started.
D. Peening.

Use a sEip
C. Preheating.

To help the metal stretch as it cools® peen or tap it lightly as
it cools, with the round end of a bal] peen hammer.
E. Heat Treatment. This finished structure is placed in an oven or furnace
~ capable of uniform heating. The metal soaks in the prescribed temperaturé;
322d then is gradu?iﬁy cooled. -
. F. Jigs. and Fixtures. These are devices_which hold the pieces of metal rigid]}
~in position during the we]d1ng operation, preventing excess1v9 distortion.
G. Number of passes
over the seam as poss1p]e - .
H. Parts out of position: Oie of the s1mp1est th1ngs to do is to ang]e the
pieces slightly in the oppos1te direction’in which contract1on will take
"‘p]ace. - '

s

These include any or all of the following-

Use tack welds.

D1stort1on can be held,to a minimum by us1ng as few passes |

L)

>




%, . e - -~ o - N
' * Co. RQ .« - ) . ‘:’r
e, o v INDIVIDUALIZED LEARNING SYSTEMS

LN 2
¢

-

.8 -,

Compléte each statement by writing the appropria{e phrase in the .blanks provided.

N

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

2. Metals have two types of properties, and . |

\ : v .
3. The ability of a material to resist being crushed is , strength.
Y R L [} . , ¥

*

¢

4. Metal will when heated.

‘ _ 5. Heating metal causes K S .

. 6. Hot rolled bars of méta] have 3 color which i‘s~

7. Name two ways to identify metal: . and e

’ £-




. INDIVIDUALIZED LEARNING SYSTEMS %

o Self Assessment
'® Answers

.

1.7 alloys.

\

[} s t
2. mechanical, physical *

-
v

3. compressive
expand

distortion

- blue-bTack
[
[ ‘ . “w ! ’ [y , 0’,
appearance, spark test, manufacturer's stamp, color "code, magnet reaction; .,

s

surface filing )




Using tﬁe»_tabl s that fo’ﬂow, give a meta] analysis for each of . the numbers 1 1‘5t9d¥
below. First, Jocate the SAE number in the left column, en locate and list the
AISI number in he/col/umn next to 1t Locate and list the&}%pe of metal it ,is

(from the major thart heading above the vamous portwns of ‘the chart, such as’
"carbon stee1s" or "nickle steels."). Locate and hstethe carbon percentage .

“in the thn'd adJacent right column to the SAE number - . o
. 10}0 2. 1040 3.-1085 4. 12 .57 N7 - .
6. 23407 " 7. 41457 8. 5132 9. 8640 10. 9315 °
- _ i ' ‘ . . , o N
. ) PR e . B ° )
SAE No. AISI No. . Type " % carbon- L T

1 | . \
2 . ‘-,ﬁ'
3| o
~— k -
.4. 3 o )
¢ ’ 4
5 A
~ P4 -
6 [ ]
' 7 P B
8
» -
9 . - hd o &N
- R of
10 < o
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ASSIGNMENT SHEET #1--

\

-

-

CARBON STEELS®

SAE | s CHEMICAL_COMPDSITION LIMITS, PERCENT SAE | ‘1543 CHEMICAL COMPOSITION LIMJTS, PERCENT ¢
NUM-{ AlS) ; NUM-| AISI = A 3
BER | NUMBER CARBON | MANGANESE PHOSPHORUS | SULFUR BER | NUMBER| CARBON| MANGANESE PHOSPHORUS | SULFUR
1008 | - C 1008 |0.10 max 0.25/050 0.040 0.050 1041} +C1041 |0.36/0:44 1.35/1.65 - . 0.040 . ,0.050
100 C1010 {0.08/0.13) 0.30/0.60° 0.040 0.050 ~| 1042+, C1042 |0.40/047] 0.60/0.90 0.040  “{ 0.050
‘C1012 {0.10/0.15] °0.30/0.50 0.040 " 0050 |},1043]_ c1043 0.40/0.47 | 0.70/1.00 0.040 0.050
1015} C1015 [0.43/0.18} 0.30/050 0.0‘0“ » 0.050 J. 1045 | C1045 |0.43/050( 0.60/0.90 0.040 050
AN H ' v
116 | C1016 Lg13/038) 0.60/090 0.040° "&%| "0.050 1046 | C 1046 |0.43/0.50| 0.70/1.00 0,040 0.050
1017 | C1017 [0.45/0.20{ 0.30/050 0.040 0.050 . C 1049 10.45/0.53 0.60/0.90 0.040 0.050
1018 | C1018 70.15/0.20] 0.60/0.90 0.040. - 0.050 1050 | C1050 |0.48/0.55[ 0.60/0.90 0.040 0.050-
1019/ C1019 |0.15/0.20 0.70/1.00 . 0.040 0.050 {1052 ¢© 10§2 0.47/0.55 | 1.20/1.50 0.040 0.050 -
1020 { C1020 0.|§/0.23 0.30/0.60 0.040 0.050 4 C 1053 [0.48/055( 0.70/1.00 N 0.040 0.050
€ 1021 |0.18/0.23; 0.60/090 0.040 ~0.050 1055 | € 1055 0.50[0.60 0.60/0.50 0.040 0.050
1022 | C€1022 [0.18/0.23| 0.70/1.00 0.040 0.050 1060 § C1060 |0.55/0.85 [ 0.60/0.50 0.040 0.050
€1023 }-0.20/0,25{ 0.30/00 0.040 0.050 1065 | C 1065 |0.60/0.70| 0.60/0.90 0.040 , 0.050
. . ! .
1024 | €024 [0.19/0.25 1.35/1.65 0.040 0.050 . C 1069 |0.65/0.75] 0.40/0.70 . 0040 -~ { 0,050 ,
1025-1 C1025 {0.22/0.28]  0.30/0.60 0.040 - 0.050 1070 { C 1070 |0.65/0.75{ 0.60/0.90 0040 U}.oso
: C1026 }0.22/0.28f 0.60/0.90 0.040 0.050 C1072 }0.85/0.76} §.90/1.30 0.040 0.050
1027 | C1027 }022/0.29) 1.20/1.50 0.040 0.050 € 1075 j0.70/0.80| 0.40/0.70 » 0040} 0.050
€1029 |0.25/0.31| -0.60/0.90 0.040 0.050 1078 | C1078 0.72'/0.I5 0.30/0.60 0.040 ! 0.050 -
1030 { C1030 |0.28/0.34! 0.50/0.90 0.040 =2} 0.050 1080 | C 1080 {0.75/0.88 0.64/0.90 0.040 0.050
1033 | C1033 {0.30/0.36f 0.70/1.00 0.040 0.050 - C 1084 (0.80/033( 0.60/0.9¢" | 0.040 i 0.050
1035 { C1035 |0.32/038] 0.60/0.90 0.040 0.050 1085 | C 1085 | 0.80/0.93] 0.70/1.00=~ ;- ' 0.040 *0.050
. b - * ! - . !
1036 | C1036 |0.30/0.37} 1.20/1.50 "0.040' 0.050 : C 1085 | 0.82/0.95 0.30/0.50;.\‘ 0.0 ° 0.050
€ 1037 "1 0.35/0.42} 0.40/0.70 0.040 0.050 1030 | € 1080 |0.85/0.98; 0.60/0.90 0.040 i 0.050
1038 | C1038 |0.35/0.42; 0350/0.90 ‘000 0.050 1095 f € 1035 §0.90/1.03; 0.30/0.50 0.040 | 0.050
C1039 10.37/0.44! 0.70/1.00 0.040 0.050 81010 | 0.13 max ; 0.30/0.0 0.07/0.12 0.060
1040 | C1040 [R.32/0.44] 0.60/0.90 0.040 0.050 b i P ;
. FREE-CUTTING STEELS (OPEN-HEARTH SCREW’STEELS) v
cn1és 0.05/0.13 0.50/0.80 0.040 0.07/0.42 € 1132 | 0.27/0.34 ‘ 1.35/1.65 0040 ﬁﬂ!/ﬂ,ﬂ
1103 C1109 |0.08/0.13] 0507090 0.040 008/0.131 M37} C1137 1032/0.33] 1.35/1.65 0.040 0.08/0.13
: C1110 0.08/0.13} 0.30/0.60 0.040 0.08/0.13| 1138 { C1138 [034/0.40{ 0.70/1.00 0.040 + 0.08/0.13
C118 §0.10/0.16] 1.00/L30 0040 - 0.24/0.33| 1140 C 1140 0.37/0.44]  0.70/1.00 - 0.040 0.08/0.13
ms § Cus |0.13/0.18) 0.50/0.90 0.040 0.08/0.13{ 141 €141 §0.37/0.45 I.JS/I'GS 0.040 0.08/0.13
L6 1 C116 | 0.14/0.20] 1107140 0.040 0.16/0.23 | 144 | C 1144 |0.40/0.48 1.35/1.85 0.040 , 024033
ml cun 0.14/0.20{ 1.00/1.30 0040 0.08/0.13} 1145 | G 1145 1 0.42/0.49{ 0.70/1.00 0.040 . 0.04/0.07
s} CI11s | 0.14/0.20f 1.30/1.60 0.040 0‘“/0‘.'.; 145 | C 1145 | 0.42/0.48 0.70/1.00\ 0.940 . 0.08/0.13
ma{ C113 {0.14/0.200 1.00/1.30 ' 0040 . |0.24/0:33 ' C 1148 | 0.45/0.52 0.70/1.00 0.040 0.04/0.07 *
1n20 ¢ C1120 | 018/023f 0.70/1.00 - . 0.0 0.08/0.13] 151 C.151 | 0.48/0.55 “’0,10/1.00 {0.040 +0.08/0.13
Cus § 0.22/0.2 0.80/0.90 ¢ 0.040 0.0870.13 - . * / .
C FREE-CUTTING STEELS (BESSEMER SCREW STEELS)
m 81111 | 0.13 max 0.60/0.90 0.07/0.12 0087015} 1113 | B 1113 |03 max’| 0.70/1.00 0.01/012. 0.24/0.33
M2 { BIN27| 0.03max| 0.70/1.00 0.07/1.00 0.16/0.23 v

*From combined standard steel lists of American Iton and Steel Instifuté and Society of Automotive Engineers, Inc.
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3 . . COMBINED STANDARD STEEL TABLE". - .
“ CHEMICAL COMPOSITION LIMITS, PERCENT - .
SAE| 198 : > -
_NUM-| ISt | PHOSPHORUS | SULFUR -
BER | NUMBER| CARBONJMANGANESE|  MAX MAX | «SILICON| NICKEL | CHROMIUM [ MOLYBDENUM [VANAGIUM
= MANGANESE STEELS (MANGANESE IN ALLOY RANGE) N
120 [ 1320 [aas/0.23] 607130 f oni0 0040 | 0200035] ~ : ]
‘1321 {0a7/0.22) 1807210 0.050 0.050 | 0.20/035 . : .
1330 | 1330 |028/0.33] 1.60/1.90 000 | 0040 | 020035 1
1335 | 1335 0.33/0.38 | " 1.60/1.90 0.040 0.040 | 0.20/035] ~
136 | 1340 |o3s/0.3| 350/190 0.040 0040 | 020/0.35
) -\ ) NICKEL STEELS * !
au | 7 |oasen| 0407060 0.040 0040 } 0207035 3.25/3.75
. 230 z?lu 028/0.33 | 0.560/0.80 0.040 0.040 | 0.20/0.35] 3.25/3:75
2935 1033/038 | 0.60/0.80 0.040 0040 | 020035} 325/35| .
240 | 2300 |038/043] 0707050 0.040 0.040 | 0207035} 3.25/3.75 .
s | 25 {oazoas| 0707090 0.040 . 0.040 | 0.20/0.35] 3.25/3.75
512 | E2512 {0.09/0.14 . 0.45/0.60 0.025 6.025 | 0.20/0.35] 4.75/5.25 ‘
15 { 2515 ] 027017 | 0.40/080 0.040 0.040 | 0.20/0.35{ 4.75/5.25 . .
2517 | E2517 [ 0.15/0.20 | 0457060 0.025 ¢ | 0025 | 020/0.35] 4.75/5.25
x NICKEL.CHROMIUM STEELS
ms | s foiz/eas] 0407050, 0.040 0.040 | 0.20/035] 1.10/1.40] 0557075 S
_n207] %120 {0a770.22 | 0.60/0.80 0.040 0.040 | 020/035] 1.10/1.40| 0.55/0.75
330 | N30 [0.28/033| 05607080 0.040 0.040 | 0.20/035( 1.10/1.40| 0.55/0.75
Loas | 35 [o3y/eas | 0s0/0.0 0.040 0.040 | 0.20/035( 1.10/1.40 | .0.55/0.75
e | 30 [0387043| 0707090 0.040 0.040 | 0.20/035| 1.10/1.40| 0.55/0.75
| e [oas0a3| 0707090 0.040¢ 0.040 | 020033 1.10/1.48] Q.J0/0.90
S| 345 {043/048 | 0707050 0040 | o040 | 020/035] 1.10/1.40| 0.70/0.90 . .
L W0 | sy |od/0s3) 070/0s0 | 0o 00402 | 0.20/035] 1.10/1.40 [ 0.70/0.90
w0 | emo |odsj013] 0457050 0.025 0025 | 0.20/035 &15@.15 1.40/1.75 :
e | E3s [0.147019 | 0.45/080 0.025 0.025 ,| 0.20/035] 3.2573.35] 1.40/1.75 . :
‘MOLYQOENUM STEELS . ‘
1] 47 forsje20] 0707030 0.040 0.040 | 0.20/0.35 —— 0.20/0.30
- a23 | 423 |02070.25 | 0707030 0.040 0.040 | 0.20/0.35 0.20/0.30
e | w24 0200025 | 0707090 0040  |0.035/0.050] 0.20/0.35)- ., 0.20/0.30
w27 | - w27 (025030 | 0.70/0.99 0.040 0.040. | 0.20/0.35 0.20/0.30 .
428 | s2s 0250030 0.70/0.90 0040 l0035/0.050) 0.20/035] °, . 0.20/0.30
02| 432 {030/0.35 | 0707090 0.040 0040 | 0200035 |- ~ 0.20/0.30 ~
*From combum; standard stee! ists of Amaerican lron and Stes! Institute and So;:my o1 Automotive Engine;ts. l'nc. ) .
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COMBINED STANDARD STE£L TABLE (contlﬁued)

)

_ cusmcu COMPOSITIOR LIMITS. RERCENT
" |PHosPHORSS |, suLFug .

SAE [ 1948 i :
NUM-[omst ]t

NUMBER’CARBON MANGANESE MAX MAX §ILICON NICKEI. CHROMIUM [ MOLYBOENUM|VANACIUM
. B . MOLYBOENUM STEELS — CONTINUED . . .

- 4037 fo3s/040] o.70/080 | oo T 0040 | 020/0.35] * " 0.20/030°
4042 | 040/0.43| 0.70/0.30 0040 oot | daos0zs| .- ¥ 0.20/0.30 °

. . P S
4047 | 0.45/050 | "0.70/6.90 000 | ook | 0207035 * 0.20/0.30
4053 | 05070567 0.75/1.00 0040 ° | 0040 | 0207035 | - 0.20/0.30 - -
4063 |- 4083 |060/0.67| 0.75/1.00 0.0 0.040 | 0.20/0.35 , 0.20/0.30

»

4068 |- 4068 | 0.63/0.70| 0.75/1.00 -0040 - 0.040 0.20/0.35 0.20/0.30
> 4130 #4130 | 0.28/0.33| 0.40/060 0.040 0.040 0.20/0.35 - * 4] 0.80/1.10 0.15/0.25 -
E 4132 10.30/0.35} 0.40/0.60 0.025°° 0.025 0.20/0.35 0.80/1.10 | 0.18/0.25
E 4135 §0.33/0.38 " 0.70/0.90 0.025 ,0.025 0.20/0.35 0.80/1.10 A 0.18/0:25
4137 4131 [035/0.40{ 0.70/0.90 0.040 0.040 | 0.20/0.35 . 080/1.10° _ 0.15/0.25

\ , .
E 4137} 0.35/040] 0.70/090 0.025 0.025 | 0.20/0.35 0.80/1.10 0.18/0.25
Q40 | 4140 |0.38/0.43| 0.75/1.00 0.040 . | 0040 | 020/0.35 J80A10 0.15/0.25

4142 | 040/045{ 0.73/1.00 0.040 0.040 | 0.20/0.35 -%080/1.10 | © 0.15/0.25
aus | o oaus |oasjoas | 0.75/1.00 0.040 0.040 | 0.20/0.35 0.80/1.10 |  0.15/0.25
47 [oas/050| @F5/1.00 | 0.040 0.040 | 020/0.35 2.40/1.10 0.15/0.25
qs0 [ 4150 | 0487053 0.75/1.00 0.040 0040 | 020/035] - 0.80/1.10 0.15/0.25
&1 o joasm| ods/oss 0.040 0.040 |, 0.20/0.35 [165/2.00] 0.40/060 | -0.20/0.30
dno | e [oa7/022) 0457068 0.040 0.040 | 020/0.35 |1.85/2.00| 0.40/0.60 | _ 0.20/0.30

N ]
' 4337 {0.35/0.40] 0.60/0.80_ 0.040 0.040 0.20/0.35 | 1.86/2.00|  0.70/0.90° ,020/0.30
4340 4 4340 [0.33/0.43 060/0 80 " 0.040 0.040 0.20/0.35 | 1.65/%40 |, 0.70/0.50 *0.20/0.30
0/1

450' 4608. | 0.06/0.11 | 025/0 45 0.040, - 40 ! "0.25 max | 1.4 0.15/0.25

615 | 4615 [013/018] o04s/085 <|  o0.0d0” 0040 | 0.2070.3511.65/30 0.20/0.30
R M 4 .

4617 | E4617 }0.15/0.20| 0.45/0.65 0.025" 0.025 (- 0.20/0.35 |1.6¥/2.00 + 0.20/0.21

4620 4620 | 0.17/0.22] . 0.45/0.85 0.040 0.040 0.2070.35 } 1.65/2.00 - 0.20/0.30

X4520 | X620 | 0.18/0.23| 0.50/0.70 . 0,040 0.040, | 0.20/0.35 |1.65/2,001 A 0.20/0.30

E 4620 { 0.17/0.22{ 0.45/0.65 0.025 0.025 0 20/0, 35 1.65/2.00 0.20‘/0.27

w2r] 4621 | 0487023 0.70/050° 0.040 0.040 { 0.20/0. 35 1.65/2.00 0.20/0.30
%40 | 4640 | 038/0.431 050/0.80 0.040 | -0.040 | 0.20/0.35 | 1.65/2.00 0.20/0.30
. E 4640 | 0.38/043| 060/080 [ - 0.025 0.025 | 020/0. 35‘ 1.65/200f ... 0.20/0.21
12| in2 | 010/015] 0.40/050 0.040 0.040 | 020/0.35']3.25/3.15 J 0200030

/ . RN
N5~ 4815 | 0.93/0.18| 0.40/0.60 0.040 0.040 0.20/0.35 [:3.25/3.15 : 0.20/0.30
“ﬂ)_ 4817 1 015/0.20f  0.40/0.60 0.040 0.040 0.20/0.35 [13.25/3.75 0.20/0.30
4820 | 0.18/0.23] 0.50/0.70 0.040 0.040 { 0.2070.35 {3.25/3.75 0.20/0.30
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’ .9 ASSIGNMENT SHEET #1 :
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. T COMBINED STANDARD STEEL TABLE (continued)
3 d )
e ] e L CHEMICAL COMPOSITION LIMITS. PERCENT
NUM-| AISI PHOSPHORUS | SULFUR ‘
VBER_|NUMBER| CARBON [MANGANESE | MAX MAX__| SILICON | NICKEL | CHROMIUM | MOLYBOENUM| VANAOIUM
’ CHROMIUM, STEELS C 3
o Tsus | sods [oa30.48] 07000 0.00 000 | 020/0.35 + 0.55/0.75
s4gs| 5046 |0.43/050( 0.15/1.00 0.040 0.000 | 0.20/0.35 020/035 | | ;
5120 | 8120 |07/032) 0.10/080 0.00 0040 | 0.20/0.35 0.10/0.90
5130 [, $190 {0.28/033) 0.70/00 oos | Bowo | 020708 0 80/¥10
si32 | 5132 |030/035| 050080 | 0.040 (0040 | 0207035 0.15/1.00° : .
535 | 5135 [033/03| 060080 [ 0040 0000 | 0207035 o oo~
510 | 510 [038/043| 007080 .. 0040 0040 | 020/0.35 007630 |. -
S5 | S5 [0.43/048| 0707050 000 |. 0040 | 0207035 0.10/030 | v -
P \ ’ ° 1. =3 ‘ .
csup | oo |oaspede| er0eis 4 0.0a oo foz0/03s| - | osspas]T v |-
5150 | §150 fo48/053| 070/0%0 |  0.000 000 | 020035 0.10/0.90 .
5152 | 5152 048055 | 0707090 0.040 0.040 * [-0.20/0.35 | # 0.99/1.20 -
5160 |0.55/265| 075/1.00 0.040 ono o203 | onops |, ’
. - s . . Y.
50100 | '€ 50108 | 0.95/1.10 | 0.25/0.45 0.025 0.05 | 020/0.35 S 040080 | .
51100 |, € 51100 [0.95/1.10. 0.2570.48 0035 « |- 0028 | 020703 S 090/11s” | .
‘ - 52100 | €500 |0.85/100| 0257045 | .02 0025 | 0.20/0.35 1307160 ]
- . L CHROMIUM-VANOIUM STEELS : o .-
| &120 Jorjeza] or0s0% 0.040 0040 | 020/035 0.10/0.90 T o0mn,
6145 {0.43/0.48 | - 0.70/6%0 o0d0 -_{-0000 |oz0/03s. 0.80/1.10 £.15 min.
#150 | 6150 |0.48/053| 0.70/090 0.040 0.00 | 020/0.35 0.80/110 . | 015 min,
652 [048/055 | " 0.10/0%0 0.040 000 | 020/0.35 0.80/1.10 0.10 min,
- _NICKEL-CHROMIUM-MOLYBOENUM STEELS ot
w5 | #615 [oa3/018] 0707090 0.040 000 [\020/035] oa0/070] -odojos0 | oassezs | -
w17 | 617 loasjezn| o000 0.040 0040 | 020/0.35| 040/0.00) 040/080 | 0157025 .
w20 | 0620 (0.18/023| 0.70/0%0 0.040 0.040 | 0.20/535|0.40/0.70| 040/080. |  015/0.28
%22 | 9622 |020/025| 0707030 0.040 0.040 | 0.20/035{0.40/0.70| 040060 | g15/025 '
%25 | 625 [0.23/08 [ 0.70/090 0.040 0000 | 020/035{040/0000 otj060 |, oas/0zs - v
21 | 8627 |025/030 " 0.10/0.0 0.040 0. | BB/ L0/010, DAYLSD | 15/035 -
%30 | 8630 |028/033( 0.70/0 0.040, | o0t _{w20/0.35fod0/0t0] o4g/0s0 | 0157025
7 %32 | 3632 [030/035| 0707630 o000 - | 000 | 0200035 0.40/070 0.40/00 |  015/075 .
.y - ' : N R .
wis.| 8635 |033/038| 07506 0040 - . | om0 | 0.20/0.35|040/070| oy/0s0 | 0157025
6371 8637 |035/040| 075100 0.040 0.040 | 020/0.35 |0.40/030| 040060 | 0157025 =
W | 60 [03/003[ 0157100 |, 0040 000 | 02035 |040/070| odo/0s0 ¥ oaspors | -
s seat |ods/043| das/100 0.0 D040/0060) 020/0.35 |0.40/000 odojosn | onspozs | ¢
. - - . » . N i R
‘ e J v
. s s
. % . \ - Y E
—_— o~ . . - . R .
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g ‘ COMBINED STANDARD STEEL TABLE (continued)
o * oe | 1 CHEMIGAL comosmou LIMITS, PERCENT -
B NUM-| « AISH .. |PHOSPHORUS | SULFUR . )
, BER |NUMBER| CARBON |MANGANESE|  MAX MAX | SILICON | NICKEL | CHROMIUM | MOLYBOENUM [VANADIUM
= NICKEL-CHROMIUM-MOL YBOENUM STEELS-CONTINUED. ' R
" o842 [ 82 [osgoas] orspoe-] oo 0.040 | 020/0.35 [0.40/0.00 [~ 0.40/080 | 057025
S | s fodyjodl, 005100 | om0 L | oo | 0207035 |o4o/0c0| odososo 0.15/0.25
8470 0647 | 045/050] 0357100 | =+ 004 0.040 | 0207035 |040/070| o040/060 | 01s/025
. wso. | e6s0 | o4e/0%3] 0s/100 0.000 . 0.040 | 020/035 {0N0/000 | 0407000 | 015025
o 883 | 1653 | 050/056 ~ 0.75/1.00 0040 1o odeo | o20/035 |od0/00] oSOTEETE] oas0as .
-, 8655 | 8655 [o0s0/080( 075/1.00- 0040 1f 00# | 020/035)040/070 | 040/060 | 045025
. 850 | 9660 |0Ss/085( 075/3.00 0,040 - 0040 [ 0.20/035 |040/010] 040/050 | G.15/025
o “| 8 fomwen] os/om 0040 . [ 0040 | 020/035 [040/070] 0.40/050 | 0207030 .
J un | on ool 0n0s - | . om0 | bow 0.20/0.35 {040/0.00 | 0407080 | 0207039
S oms o |osyoa| ogs/io0 o o 0.040 | Z0/035 [040/0.00 | 0407060 | 020/0.30 .
: 040 | amo {o38/043] 035100 | . oo 0040 [ 0.20/035 |0.40/0.70 | 0.40/050 0.20/0.30,
: 94 | 040/045] o150 .| 0o 0.060 | 020/035 [040/0.00.] 0.40/080 | 0.20/0.30
45 | e {oayoa| 0257100 0.040 ' 0.040 | 0.20/035 10.40/070 [ 0407080 | o020/030
) 841 T045/050| 0257100 0,040 0.040 |020/035 |o48/070 | oa00s0 | 020030
a0 | 150 0.48/053 | 057100 0.040 0040 | 0207035 040700 | P0/080 | 020030 »
925 | 985 | 0:50/060 | -070/0.95° 0.040 0.040- |- 1.80/220
Kt .0 | a0 |osssoes ?u.w/n,uo 0.040 0040 | a0 | .
& "9t [ 96 055/085 |% 0.75/1.00 0.040 0.000 | 180220 - | Tivjos
s262 | 962 [055/065] 075/1.00 0040 0040 | 1.80/220 05/040 | . :
& W0 [ ESNO 008013 ) oas/ess 4 . 0025 ' | 0025 | 020/035 |300/350 1.00/140 |  0.08/0.15
] ' ’ . | 1
<. .85 |'E95 [ 03008 | 04/0565 0.025 0025 | 0.20/03513.00/350 | 100/1.40 | 0.08/0.15
L. a1 | e93 [oasj20| odsjosd s 0.025 0.025 | 020/035 |3.00/350 | 1007140 | 008005 - -
: 437 | s fo3s/040| 030/1.20 0.040 D040 | 070/035 |030/050 | 030/050 | 0.08/0.35, )
. e | w0 fomnas| 0s0/120 0.040 0.040 | °0.20/035 [030/0.60 | 030/0.50 | 008/0.15
. “ou2 | sz {odosas| 1007130 0040 " 0040 | 0207035 {030/050 | 030/050 | 008015
o445 |, -aus T0.43/048| 1.00/1.90 0.040 000 | 020/035 |030/050 | 030/9%0 | 0.08/0.15 .
9141 | 9141 [o4s/050| a5s0/0.80 0.040 - 0040 | 0.20/035 {040/000 | 0107035 | 015/025 ‘
9163°| @163 | 0.60/0.57 | _ 0507080 NYTE D040 .1 020/035 |0.40/070 | 010/025 | - 015/025 q
. u0 | om0 fods0aa| 070700 0,040 0.040 | 0207035 0.85/1.15 |- 030/0.30 |- 0.20/030 ,
: 9845 '}, 95 | 0.43/048] 0707090 0.040 0040 | 020/035 |0AS/11S | 030090 | 020/0.30 .
LR T ] Y 0.040 0040 [ 1.20/035 |e85/1.05 | 070/0'30 | 020030
..' . 1 N ¢ - P
l', a ,‘
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- . » ASSIGNMENT SHEET #1
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- /2
A Rapid Identification of Metals
Metal &Jrface,Appearance Reactiontoa | Color of freshly
’ or markings Magnet filed surface
’ White cast iron Dull gray Strong Silvery white
2 Gray cast iron ~ Dull gray Strong Light silvery gray
’ Light gray to white .
Aluminum dull or brilliant Nene White
Yellow to green or ’ Reddish yeilow to
Brass - brown None yellowish white
s Reddish yellow to
Bronze Red to brown None yellowish white
>
Smooth; red brown - Bright copper
» Copper to green (oxides) None color
- < Smooth; gray to ] Bright. silvery”’
: oL, . Copper-nickel yellow or yellowish N?"e white >
i . green °
. . 3 White to gray; : .
g . Lead 3 smooth. velvety . ~ None White
Dark gray: smooth; Bright silvery
N Nickel sometimes green Mgdium white
- (oxides) .-
; - ==
8 - Nickel-copper ) * | Dark gray. smooth \'ex'-y%gjlght‘ Light gray
T e : — -
g "Dark gray: may be Bright silvery
3 Plahgf&i)fm steel ‘| rusty A& Strong @ gray
. Stainless steel (18-8) Dark gray: dull to None (faint if ‘1 Bright silvery
L ' (25-20),"Note 1 below", brilliant; usually severely cold gray
« : - . clean worked)
o = Wiitish blu ;
t . fitish blue, may - 1.
£ Zinc be mottled None. White
1 g . ,
. ° Stainless steels that hth less thah 26 percent alloying element&react to magnet.
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