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Unit 1 Mechanical Technology

Lesson 1 Classification of Steels

The Society of Automotive Engineers (SAE) has established standards for spe-
cific analysis of steels. In the 10XX series, the first digit indicates a plain carbon
steel. The second digit indicates a modification in the alloys. 10XX means that it is a
plain carbon steel where the second digit (zero) indicates that there is no modifica-
tion in the alloys. The last two digits denote the carbon content in points. For exam-
ple SAE 1040 is a carbon steel where 40 points represent 0. 40% Carbon content.
Alloy steels are indicated by 2XXX, 3XXX, 4XXX, etc(See Table 1-1). The Amer-
ican Iron and Steel Institute ( AISI) in cooperation with the Society of Automotive
Engineers (SAE) revised the percentages of the alloys to be used in the making of
steel, retained the numbering system, and added letter prefixes to indicate the meth-
od used in steel making. The letter prefixes are:

A = alloy, basic open hearth

carbon, acid Bessemer

carbon, basic open hearth

carbon, acid open hearth

H QO OWw
1]

= electric furnace

If the prefix is omitted, the steel is assumed to be open hearth. Example: AISI
C1050 indicates a plain carbon, basic open hearth steel that has 0. 50% Carbon con-
tent. 7

Another letter is the hardenability or H-value. Example: 4340H
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General representation of steels:

5 AE/501]

S AE 1040

‘— Carbon content (0.40%)

Modification in the alloys (none) plain carbon

Indicates whether it is a carbon steel or
alloy steel (1 indicates carbon steel, 2 and
above indicate alloy steel)

S AE 251

W

Carbon content (0.15%)

Major alloying element content (5% Nickel)

Indicates whether it is a carbon steel or
alloy steel (2 indicates nickel steel)

W

IN

|—7 Carbon content (0.20%)
Major alloying element content (1 % Chromium)
Indicates whether it is a carbon steel or

alloy steel (5 indicates chromium steel)

Table 1-1 Classification of Steels

SAE - AISI
Classification
Number
Carbon steels
q Low carbon steels: 0 to 0. 25% Carbon
Medium carbon steels: 0.25% to 0.55% Carbon
High carbon steels: Above 0. 55% Carbon
Nickel steels
5% Nickel increases the tensile strength without reducing ductility
8%to 12% Nickel increases the resistance to low temperature impact
2XXX

15% to25% Nickel (along with Al, Cu and Co) develops high magnetic properties ( Al-
nico metals)

25% to 35% Nickel creates resistance to corrosion at elevated temperatures
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( Continued)
SAE — AISI
Classification
Number
Nickel-chromium steels -
3XXX These steels are tough and ductile and exhibit high wear resistance, hardenability and high
resistance to corrosion
Molybdenum steels
4XXX Molybdenum is a strong carbide former. It has a strong effect on hardenability and high
temperature hardness. Molybdenum also increases the tensile strength of low carbon steels
Chromium steels
5XXX Chromium is a ferrite strengthener in low carbon steels. It increases the core toughness and
the wear resistance of the case in carburized steels
86XX
87XX Triple Alloy steels which include Nickel (Ni), Chromium ( Cr) , and Molybdenum ( Mo)
93XX These steels exhibit high strength and also high strength to weight ratio, good corrosion re-
94XX sistance
97XX
98XX

Table 1-2 The Effect of Alloying Elements on the Properties of Steel

Element

Effect

Aluminum

Ferrite hardener
Graphite former

Deoxidizer

Chromium

Mild ferrite hardener

Moderate effect on hardenability
Graphite former

Resists corrosion

Resists abrasion

Cobalt

High effect on ferrite as a hardener
High red hardness
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( Continued )

Element Effect

Strong effect on hardenability
Strong carbide former
High red hardness

Increases abrasion resistance

Molybdenum

Manganese Strong ferrite hardener

Ferrite strengthener

. Increases toughness of the hypoeutectoid steel
Nickel 1
With chromium, retains austenite

Graphite former

Austenite stabilizer
- Copper
Improves resistance to corrosion

. Ferrite hardener
Silicon ) )
Increases magnetic properties in steel

Ferrite hardener

Phosphorus Improves machinability

Increases hardenability

Red Hardness: This property, also called hot-hardness, is related to the resist-
ance of the steel to the softening effect of heat. It is reflected to some extent in the re-
sistance of the material to tempering.

Hardenability : This property determines the depth and distribution of hardness
induced by quenching.

Hot-shortness: Brittleness at high temperatures is called hot-shortness which is
usually caused by sulfur. When sulfur is present, iron and sulfur form iron sulfide
(FeS) that is usually concentrated at the grain boundaries and melts at temperatures
below the melting point of steel. Due to the melting of iron sulfide, the cohesion be-
tween the grains is destroyed, allowing cracks to develop. This occurs when the steel
is forged or rolled at elevated temperatures. In the presence of manganese, sulfur
tends to form manganese sulfide (MnS) which prevents hot-shortness.

Cold-shortness : Large quantities of phosphorus (in excess of 0. 12% P) reduce
the ductility, thereby increasing the tendency of the steel to crack when cold worked.

This brittle condition at temperatures below the recrystallization temperature is called
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cold-shortness. ( See Table 1-2)
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L.

2
6.

vt.

=

10.

11.

vL.

12.

n.

Mechanical Technology %

New Words and Phrases 1

classification [, klesifikeifon ]

IR, GH; R(ERR)
standard [ stzendod ]

ARUE , K-, BUAR , LS
P HERY
series [ siori:z]
B, R
plain [ plein ]
(ERIN: I 5 P58

denote [ dinout ]

RPN, (5% R

revise [ rivaiz ]

BT KT B B IE
prefix [ ‘pri: fiks ]
TH,HR
omit [ oumit |

gt ) P

. assume [ 9%ju:m ]

A, BRE N, (78 2 4R40)

modification [ ‘modifikeifon ]
B, B

indicate [ indikeit ]

&R, 18 5 R, RAE, i

element [ elimont ]

ToR,BRK, 5

185
n.
14.
n.
15.

a.

chromium [ kroumiom ]

%
nickel [ ikl ]

B AR

tensile [ tensail ]

SKITHY, LI E, HUBK Y 5 AT

R, BERLC Y

16.
a.
17

n.

magnetic [ meegnetik ]

HERR B, WEYE R , B REPE Y
property [ propati |

W= B AW U] 4

P, PERE, JB1E[C)

18.
n.
19.
n.
20.
vt.
21.

n.

22.

n.

23.

n.

24.

n.

25.

vL.

alnico [ elnikou ]
M E &
corrosion [ karauzon ]

JEh RN HiT R, I

elevate [ ‘eliveit |

2, hiE, 6 BTt

resistance [ rizistons |

I, P {7, vdke, if

molybdenum [ malibdinom ]

#
core [ ko: ]
R, Rl s 0 KEHE, Z X
ratio [ reifou ]
t, b3
exhibit [ igibit
JBIR, B RR , B
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26. ferrite [ ferait ]

n. gk
27. graphite [ greefait ]
n. A5, R

28. deoxidizer [ di:»ksidaiza ]

n. &R

29. former [fo:ma]

a.  MHTH, ARG, IHEE

n. JBRE, BlEEBAE, &

30. hardener [ ha:dona]

n. AL BEALH

31. mild [ maild ]

a. IRFNEY, IR ; R BR Y, 1R
FIE s BRIR A, AU EURY ; (T4 B
T AE R, FERE)

32. moderate [ ‘modarit ]

a.  HPEER,ERER

33. hardenability [, ha:donobilati ]

n.  ATREYE, VEEME, AT

34. abrasion [obreizon]

n. 0B B

35. hypoeutectoid [ , haipouju-
tektoid |

a. EIEHTHY

36. stabilizer [ steibilaizo ]

n. REKE,BRER AEER
RAZAN(EY) s feEd

37. concentrate [ konsentreit |

u. P, RE RS

38. cohesion [ kouhi:3on]

n. G5 BER B, ME N
e Y|

39. crack [ krak]

o fERRR, R

n. 4% 2R

40. phosphorus [ fosforas |

n. W

41. tendency [ tendonsi ]

no B, KAy #a Y, W
), 6]

42. brittle [ britl]

a.  JERY,MEFH, Z IR

43. crystallization [ , kristolai-
zeifan |

n. Gk

43. triple [ tripl]

a. =AEM,=EH

New Words and Phrases 2

1. mechanical [ mikanikal ]

a.  HUBRE, FHLAR I ; DLAK A
), 120, WY

2. steel [sti:l]

n. 4N, 88k

a. ANEY, K

3. SAE
abbr.  Society of Automotive En-

gineers () WELRITFX
4. AISI

abbr. American Iron and Steel

Institute FEEWEEXES
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5. alloy [ loi] o BEK

n. 4% 11. hot-shortness  Hffis:

6. ductility [ daktiliti] 12. red hardness T it

n.  JEREME AR ; TR 13. tensile strength i $7 55 fF
7. austenite [ :sto . nait ] 14. abrasion resistance i B4
n.  WEE 15. wear resistance i BB

8. machinability [ mafi:nobiliti ] 16. melt point # 5

n. U M by 17. triple alloy steel =044
9. toughness [ tafnis ] i

n.  URE)URAE SEST 18. cold-shortness i stk

10. carburize [ ka:bjuraiz ]
Notes

1. 10XX means that it is a plain carbon steel where the second digit ( zero) in-
dicates that there is no modification in the alloys.

10XX RN BRI, 56 —MCF () RIS &S RRA L.,

where J25C R, & S TN A + which” 4544, that 5| 5 515 M A7)
i indicate [ EE1E

2. The American Iron and Steel Institute ( AISI) in cooperation with the Society
of Automotive Engineers (SAE) revised the percentages of the alloys to be used in
the making of steel, retained the numbering system, and added letter prefixes to indi-
cate the method used in steel making,

KEMKFRGRETRITESEEBIT T A NN a2 E 4 1,
e Tﬁ?ﬁf@?‘\éﬂ’ﬁ,#ﬂ(Eﬁ?ﬁﬁ)ﬁﬂﬂT?ﬂﬁﬁfﬁ%%%iftﬁﬂﬁﬂﬁmﬁ
%o

XA IEF) 4], T %34 and, A X BIFSI R 2 T =4, Br L
RAEFJG IS 4 Z BN and BEAT AT, 3% J2 “The American Iron and
Steel Institute ( AISI)”, “in cooperation with the Society of Automotive Engineers
(SAE) "SR5 o

3. These steels exhibit high strength and also high strength to weight ratio, good

corrosion resistance.

X LL4K (Triple Alloy steels ) S BU H R 3 BE | /55 Lo B B4 AR FEG e
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BRARIX A1 () S B AE T “ strength to weight ratio” ( HLHREE) o HU3REE LI
B 3 Tk b, SR PDRHE W 2 S R B G PRI ) SR L.

4. This property, also called hot-hardness, is related to the resistance of the
steel to the softening effect of heat.

3T A Bl P ACRRVERE JE , AT R TR T BT BB T o

“also called hot-hardness” & — 4~ JE PR & M & & M 4], 4 W% T “ which is”
“relate to” EE“ WK H X", AHE A o B

5. This brittle condition at temperatures below the recrystallization temperature

is called cold-shortness.

SCRPAE TR 45 S IR EE LA T AR RS Y AR T
Exercises

I . Fill the blanks according to the text.
The Society of 1 Engineers ( SAE) has established 2 for specific

analysis of steels. In the 10XX series, the first digit indicates a plain carbon steel.
The second digit 3 a modification in the alloys. 10XX means that it is a plain
carbon steel where the second digit (zero) indicates that there is 4 modification
in the alloys. The last two digits denote the carbon content in points. For example
SAE 1040 is a carbon steel where 40 points represent 0. 40% Carbon content. Alloy
steels are indicated by 2XXX, 3XXX, 4XXX, etc. The American Iron and 5 In-
stitute (AISI) in cooperation with the Society of Automotive Engineers (SAE) re-
vised the percentages of the alloys to be used in the making 6 steel, retained the
numbering system, and added letter prefixes to indicate the method 7 in steel
making.

Hardenability ; This _é_determines the depth and distribution of hardness in-
duced 9 quenching.

Hot-shortness: Brittleness at high temperatures is called hot-shortness which is
usually caused by sulfur. When sulfur is present, iron and sulfur form iron sulfide
(FeS) that is usually concentrated 10 the grain boundaries and melts at tempera-
tures below the melting point of steel. Due 11 the melting of iron sulfide, the co-

hesion between the grains is 12, allowing cracks to develop. This occurs when

the steel is forged or rolled at elevated temperatures. In the presence of manganese,
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sulfur tends to form manganese sulfide (MnS) 13 prevents hot-shortness.

II. Translate the following sentences into Chinese.

1. For example SAE 1040 is a carbon steel where 40 points represent
0.40% Carbon content.

2. If the prefix is omitted, the steel is assumed to be open hearth. Example:
AISI C1050 indicates a plain carbon, basic open hearth steel that has 0. 50% Carbon
content.

3. 5% Nickel increases the tensile strength without reducing ductility.

4. 15% to 25% Nickel (along with Al, Cu and Co) develops high magnetic
properties( Alnico metals).

5. These steels are tough and ductile and exhibit high wear resistance , hardena-

bility and high resistance to corrosion.

Extensive Reading

Carbon Steels

The American Iron and Steel Institute ( AISI) defines carbon steel as follows

Steel is considered to be carbon steel when no minimum content is specified or
required for chromium, cobalt, columbium ( niobium) , molybdenum, nickel, titani-
um, tungsten, vanadium or zirconium, or any other element to be added to obtain a
desired alloying effect; when the specified minimum for copper does not exceed 0. 40
per cent; or when the maximum content specified for any of the following elements
does not exceed the percentages noted: manganese 1.65, silicon 0.60, copper
0. 60.

Carbon steel can be classified, according to various deoxidation practices, as
rimmed , capped, semi-killed, or killed steel. Deoxidation practice and the steelmak-
ing process will have an effect on the properties of the steel. However, variations in
carbon have the greatest effect on mechanical properties, with increasing carbon con-
tent leading to increased hardness and strength. As such, carbon steels are generally
categorized according to their carbon content. Generally speaking, carbon steels con-
tain up to 2% total alloying elements and can be subdivided into low-carbon steels,

medium-carbon steels, high-carbon steels, and ultrahigh-carbon steels; each of these
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designations is discussed below.

As a group, carbon steels are by far the most frequently used steels. More than
85% of the steel produced and shipped in the United States is carbon steel.

Low-carbon steels contain up to 0. 25% C. The largest category of this class of
steel is flat-rolled products (sheet or strip) , usually in the cold-rolled and annealed
condition. The carbon content for these high-formability steels is very low, less than
0.10% C, with up to 0.4% Mn. Typical uses are in automobile body panels, tin
plate, and wire products.

For rolled steel structural plates and sections, the carbon content may be in-
creased to approximately 0. 30% , with higher manganese content up to 1. 5%. These
materials may be used for stampings, forgings, seamless tubes, and boiler plate.

Medium-carbon steels are similar to low-carbon steels except that the carbon ran-
ges from 0. 25%t0 0. 55% and the manganese from 0. 60%to 1. 65%. Increasing the
carbon content to approximately 0. 5% with an accompanying increase in manganese
allows medium carbon steels to be used in the quenched and tempered condition. The
uses of medium carbon-manganese steels include shafts, axles, gears, crankshafts,
couplings and forgings. Steels in the 0.40% to 0.55% C range are also used for
rails, railway wheels and rail axles.

High-carbon steels contain from 0.55% to 1.00% C with manganese contents
ranging from 0. 30%to 0. 90%. High-carbon steels are used for spring materials and
high-strength wires.

Ultrahigh-carbon steels are experimental alloys containing 1.25% to 2.0% C.
These steels are thermomechanically processed to produce microstructures that consist
of ultrafine, equiaxed grains of spherical, discontinuous proeutectoid carbide parti-

cles.
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