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1. SCOPE:

Restridted hardenability steels have been in use for some time’ but the
specififc restrictions for a particular grade depend upon customer ndeds and
vary frijom mill to mill. Such steels are desirable to provide more dontrolled
heat trjeatment response and dimensional control for critical parts. | Because
of incrleasing interest in steels with restricted hardenability, the [SAE Iron
and Steel Technical Committee directed Division 8,te prepare a set df
standar{d steels with restricted hardenability.

In genegral, steels with restricted hardenability (RH steels) will exhibit a
hardnes|s range not greater than 5 HRC at the“initial position on the
end-quepnch hardenability bar and not greater than 65% of the hardneds range
(ij) for stapdard H-band steels (see SAE J1268) in the "inflection" regign.

Generalfly the restricted hardenability'band follows the middie of tHe
corresppnding standard H-band. An._éxample of the RH band compared With the
standard H-band is given for SAE @140 in Figure 1.
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GRADES OF STEEL:

RH steels and their corresponding minimum and maximum composition limits are
shown in Table 1 for a selected group of 12 alloy steels used in substantial
tonnages and covering a nominal carbon content range of 0.20 to 0.60%. As
the need arises for restricted hardenability in other grades, they will be
added to the standard.

CHEMICAL COMPOSITION LIMITS:

FOgHEars,
composifion limits are the same as those given in SAE J404. (Thesed|imits
are somgwhat narrower than allowed for standard H-steels). It showld be
understgod that alloys which satisfy the restricted hardenability band will
fall within SAE J404 composition limits, but not all steels melted tq the
composition Timits would meet the required RH-band. The limits are given in
Table 1] and as indicated in the footnotes, are subject geopermissiblle
variatigns for product analysis and may contain certain“Jevels of elgments
not speg¢ified.

e

TO meet voededadaod lhoodo 313 ot PY-XVE - P wihil ity
restrriteunruecauTrrroy, yoco yluv-uc oAUy

IDENTIFJCATION:

As a me3ans of identifying steels specified toorestricted hardenabilifly band
limits, [the suffix letters RH have been added to the conventional series
number.| It is important that steel consumers use this special identifying
designation in specification requirements, as there is no other meang of
determining when restricted hardenability band Timits apply. When the
special [identification is used, the-steel shall conform to all condifions
pertaining to chemical compositien’limits, restrictions, testing technique,
and so forth, as outlined herein:

GRAIN SIZE:

The limjts set forth fon RH-bands are intended to apply to steels exhibiting
austenitic grain size ASTM No. 5 or finer (see SAE J418).

USE OF RESTRICTED HARDENABILITY'LIMITS:

For spe¢ification purposes, one must use the tabulated values of RocHwell
hardnest (HRC) as a function of distance from the quenched end of thg
hardenability bar, either in U.S. customary units (sixteenths of an inch) or
in metric (SI) units (millimeters). Values below 20 HRC are not specified
because such values are not as accurate. Band Timits are also shown
graphically and are so depicted for convenience in estimating the hardness
values at various intermediate locations on the end quench test bar and for
quick comparisons of the various RH grades. The values of Approximate
Diameter of Rounds with Same As-Quenched Hardness shown above each RH-band,
were selected from the ranges appearing in Figure 7 of SAE J406. The
RH-bands are presented graphically, with distances from the quenched end in
both U.S. customary units and also in metric (SI) units.
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TABLE 1 - Compositions of Restricted Hardenability Steels

Ladle Chemical Composition, Weight %3,b,c
SAE
Steel No.
C Mn Si Ni Cr Mo
SAE 4027RH 0.25/0.30 0.70/0.90 0.15/0.35 - - 0.20/0.30
SAE fH8RH—018/023—0-70/0 90— 0-15/035 = 0407060 0.08/0.15
SAE [4120RH 0.18/0.23 0.90/1.20 0.15/0.35 - 0.40/0.p0 0.13/0.20
SAE [4140RH 0.38/0.43 0.75/1.00 0.15/0.35 - 0.80/1.10 0.15/0.25
SAE [4145RH 0.43/0.48 0.75/1.00 0.15/0.35 - 0.80/1.0 0.15/0.25
SAE 4161RH 0.56/0.64 0.75/1.00 0.15/0.35 > 0.70/0.p0 0.25/0.35
SAE 5130RH 0.28/0.33 0.70/0.90 0.15/0.35 - 0.80/1.10 -
SAE B140RH 0.38/0.43 0.70/0.90 0.15/0.35 - 0.70/0.P0 -
SAE B160RH 0.56/0.64 0.75/1.00 0315/0.35 - 0.70/0.90 -
SAE B620RH 0.18/0.23 0.70/0.99-°0.15/0.35 0.40/0.70 0.40/0.60 0.15/0.25
SAE B720RH 0.18/0.23 0.70/0-90 0.15/0.35 0.40/0.70 0.40/0.60 0.20/0.30
SAE B822RH 0.20/0.25 ©J75/1.00 0.15/0.35 0.40/0.70 0.40/0.60 0.30/0.40
aSmall quaptities of certain elements may be found in alloy steel whig¢h are not
specified|or required.- These elements are to be considered as incidental and
acceptable to the Following maximum amounts: copper to 0.35%, nicke] to 0.25%,

chromium

to 0.20%, and molybdenum to 0.06%.

bMax i mum srlfur content is to be 0.040% and maximum phosphorus content is to be

0.025%.

CRanges and limits are subject to the permissible variations for product

analysis shown in Table 4 of SAE J409.

Restricted Hardenability Limits for the Steels in Table 1 appear in Figures 2
through 25.
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7. (Continu

ed):

The hardenability testing technique used as a basis for acceptance shall be

in accor

dance with SAE J406.

For specification purposes, RH-band steels shall be within the minimum and
maximum HRC range specified at the J1 (J1.5 mm) position and shall meet one

addition
specific

al minimum and one additional maximum HRC value. In this
ation, the two additional hardness values shall represent the

approximate hardness for 50% martensite for the minimum and maximum specified
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a tolerance of two points HRC is permitted.
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the requirements for 4140RH must exhibit/a hardness at J1 not
HRC nor more than 59 HRC. At J12, theutest bar must exhibit
than 43 HRC, but the maximum hardness can be as high as 51 H

can be as low as 37 HRC (or. as*low as 35 HRC if this region
is chosen as the exception)

ar example, for 4140RH with distances from the quenched end i
ers, would limit hardness at J1.5 mm to not less than 54 HRC
HRC. At J20 mm, the-test bar must exhibit hardness not less
At J30 mm, the test bar must exhibit hardness not greater th

HRC if this region of the test bar'ds chosen as the exceptionp.
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The (R) is for the convenience of the user in locating areas where technical

revisions have been made to the previous issue of the report.

next to the

report title, it indicates a complete revision of the report.

If the symbol is
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sae s140 w/ew - HARDENABILITY BAND

HARDNESS LIMITS FOR % C % Mn % Si % Ni %Cr %Mo
SPECIFICATION PURPOSES M 0.37/0.44 {0.65/1.10 |0.15/0.35 -- 0.75/1.200.15/0.25
T DIeTANCE P WIN HRC RH {0.38/0.43 | 0.75/1.00 {0.15/0.35 -- 0.80/1.10 | 0.15/0.,25
IXTEENTHS
gr AN INCH _J4180 H]4140 RH[4140 RK[4140 H
1 60 | &9 € 53
2 60 59 54 53
3 60 <9 54 5z
a 59 58 53 51
5 59 58 52 51 APPROX, DIA OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
6 58 57 51 50 2 4 SURFACE Lo
? 58 56 50 a8 | 2 3 4 3/4 RADIUS FROM CENTER WATER
8 57 55 49 a7 e 7 o : z o 2s 5 s " CEmTER ] QUENCH
b1 T T I T 1 1 1 T
9 57 54 48 4 : 2 3 . SURFACE wILo
10 56 53 46 42 0.8 1 1.8 2 2.5 3 3.8 4 3/4 RADIUS FROM CENTER oL
" 56 52 a8 40 o5 ] V.5 2 2.5 3 3.5 T OQUENCH
12 55 5] [ 39 CENTER
)= - —t—
13 55 51 42 8 b= = ——r
14 54 50 41 37
s s¢ | 50 10 % w 60 = =i
16 53 | 49 39 35 2 = —
3 58
—
18 52 a8 38 3 o et —
20 51 37 13 @ 50 — Standalrd
22 49 | 45 36 33 Y S
2a 48 44 35 32 g 4% \\\ < o
26 47 43 3 2 S : et L ] e
28 46 42 34 31 4 40 ~~
30 46 41 - 33 1 2 B
32 4 41 33 10 T o s il (e [ants Kt Ittt
X I
MEJAT TREATING TEMPERATURES ]
RECOMMENDED 8Y SAE € 30 —
#NORMALIZE 1600 °F . &1y - - —F—
AUSTENITIZE 1550 °F 23
®*Fof forqed or roiled specimens only 20

"~
>

€ 8 _10\\12 14 16 18 20 22 24 26 28 |30 32
DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH

FIGURE 1 - Comparison of H-Band_and RH-Band for SAE 4140
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SAE J1868
HARDNESS LIMITS FOR SAE 40278H HARDENABILITY BAND
SPECIFICATION PURPOSES
"J" DISTANCE HRC %C %Mn % Si %Ni %Cr %Mo
8‘%‘2%‘."&'1? MAX. MIN. 0.25/0,301 0.70/0,90] 0.15/0,35 - -- 0.20/0.30

DN~
)
LY

APPAOX. D1A. OF ROUNDS WITH SAME AS-QUENCHED HRC, in LOCATION N ROUND i QUENCH
2 e SURFACE | \iLD
5 32 24 1 2 3 4 3/4 RAOIUS FROM CENTER | waTeER
6 28 22 0s 1 18 2 28 3 38 [ cenTen | JUENCH
20 T
; 22 .. ' 2 M 4 SURFACE | LD
Q.35 1 1.9 2 2.9 3 3.3 4 3/4 RADIUS FROM CENTER i QIL
9 23 .o 0.5 ) Vs 223 3 33 CENTFR | OUENCM
) M — " p—
: 2 = e :
1 21 - 80 : ;
o — :
1 21 - hi : :
14 20 e w 5% .
1 - -- : : T
1 o b4 Ai: ; i I
z = —
; g L= N = ;
2 b4 . 41‘ \‘ H v P B
2 R = X . P
s s = — '
2 + A— :
2 3 Wy !
3 30  ve— . : :
3 2. X‘ \\ ; 1 . — —
HEAT|TREATING TEMPERATURES = ~_——— = —
Y A T e, 1 1
RECOMMENDED BY SAE . 20 2 4 6 8 10 12 M4 16 8 20 22 24 26 28 30 3
*NORMALIZE 1650 »¢ DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INGH
AUSTENITIZE 1600 ¢
#For fprged or rolled specimens only FIGURE 2
P PRty | %o\ HARDENABILITY BAND
"3" oibTANCE HRG %C % Mn % Si % Ni %Cr %Mo
SIXTEHENTHS
OF AN INCH MAX. MIN, 0418/0.23 | 0.70/0.90 | 0.15/0.35 -- 0.40/0.60] 0.08/0.15
@ APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC,in. { LOCATION IN ROUND QUENCH
2 e sunrace | 1
29 22 1 2 3 e 3/4 RADIUS FROM CENTER wajer
27 20 65 1 13 2 235 3 >33 P CENTER | SUEJCH
4 25 - T T T T T T
24 .. + 2 3 4 surrace | T
0.3 1 1.% 2 2.9 3 3.8 4 3/4 RADIUS FROM CENTER ok
b 23 - 0.8 1 s 2 25 3 39| CENTER | CUENCH
1 1 T ~r
r i x == ' = =
? .
- M : T
)2 20 w 60
s E 1 —
1|4 @ 55 T t
15 had 3
16 w SO >
a ] ) += t T
z 3
18 2 as
2o E X
22 -4 40 ¢ z
24 z a 1
W X
2 s =
26 ¥ _ ; -
28 e = :
30 2 X
gg \“ A - P -4 D SR G .
23 ~
HEAT TREATING TEMPERATURES ‘\\
RECOMMENDED BY SAE 20 -

*NORMALIZE
AUSTENITIZE

1700 op
1700 «p

#For forqed or rotied specimens onty

2 4 6 8 10 12 14 6 18

20 22 24 26 28 3

DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH

FIGURE 3

0 32
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s:EAcRIFDINCE;S’SOIF‘J”gL-‘J’SPZ%%S SAE 4120RH HARDENABILITY BAND
|
"J" DISTANCE MRC %C % Mn % Si % Ni %Cr %Mo
SIXTEENTHS
OF AN INCH MAX. MIN. 0.18/0.23 |0.90/1.20 |0.15/0.35 -- 0.40/0.60{ 0.13/0.20
v @) @
2 39
3 41
4 38 30’ APPROX. DIA. OF ROUNDS WITH SAME 85-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
2 4 i SURFACE MILD
L) 26 ' 2 3 3/4 RADIUS FROM CENTER WATER
6 24 08 1 1.8 2 2.5 3 s 4 CENTER | QUENCH
? T T T T X
: gg gi : 2 3 P’ ; sumFace | o
0.8 1 1.8 2 .5 3 3.5 4 | 3/4 RADQIUS FROM CENTER on
9 26 20 0.8 ) "5 2 28 3 3 centem | VENCH
TO F4] .- 6
" 24 - s -
12 23 .- w 60
) . < ; 1
14 gg - 3 ss T
18 22 -- o '
16 21 . g S0
18 20 - g 98 ——F
20 - - g ‘r‘ : o : T
:5 . 4 o ——
‘; 38 “\ N i = N >
26 x = : —
2 g . TR : ;
30 o —— — ISR
32 28 T e
HEAT TREATING TEMPERATURES —~ 5 T
RECOMMENDED BY SAE 20 2 4 6 8 To\12 14 16 18 20 22 24 26 28 PO 32
*NORMALIZE 1700 «f DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
AUBTENITIZE 1700 ¢
#Fol forged or roiled specimens only FIGURE 4
AR G s | W WARDENABILITY BAND
" ?ISTANCE HRC % C % Mn % Si %Ni %Cr % Mo
SIXFEENTMHS "
N INCH MAX. MIN. 0.38/0,43} 0.75/1.007 0,15/0.35 -- 0.80/1.10} 0.15/0.2
LR '
2
3 59 54
4 59 53 APPROX. DIA. OF ROUNDS WITH SAME AS~QUENCMHED HRC, in. | LOCATION IN ROUND QUENCH
2 4 SURFACE]| MILD
] 58 52 1 2 3 4 3/4 RADIUS FROM CENTER WATER
8 57 51 08 115 2 23 3 5.3 “ CENTER | | JUENCH
T T I T T -
; gg Zg ] 2 3 4 : SURFACE WiLD
0.8 1 1.9 ? 2.8 3 3.3 4 | 3/4 RADIUS FROM CENTER []IN
9 54 48 0.8 ] 18 2 28 3 33 CENTER | | GUENCH
<
10 gg 46 s : — :
A 34 —
12 52 w 60 + )
- ———, ~+
13 51 42 3 + : + :
14 50 41 w 59 ——
18 S0 40 @ ~ +
16 49 39 a 30 ~ = T :
 — t *
18 T 38 g a = — :
20 37 ; 1 . t“’—f 1 :
22 40 37 -4 40 - 14 rd
24 45 36 g e
38
28 44 35 5 :
28 43 35 X 30
30 42 34
32 a1 3 25
¢ T e
HEAT TREATING TEMPERATURES on t ' e —
RECOMMENDED BY SAE e 2 4 6 8 10 12 14 16 8 20 22 24 26 28 30 32
#NORMALIZE 1600 °F DISTANCE FROM QUENCHED END ~ SIXTEENTHS OF AN INCH
AUSTENITIZE 1550 °F
#For forged or roiled specimens only F I GURE 5
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HARDNESS LIMITS FOR SAE 4145RH HARDENABILITY BAND
SPECIFICATION PURPOSES
)" DISTANCE HRC %C % Mn % Si %Ni %Cr %Mo
SIXTEENTHS
OF AN INCH MAX. MIN. 0.43/0.48 | 0.75/1.00{ 0.15/0.35 -- 0.80/1.10] 0.15/0.25
' 9
2 6
2 g} gg APPROX. O!A. OF ROUNDS WITH SAME AS-QUENCHED HRC, in, LOCATION IN ROUND QUENCH
2 a SURFACE MILD
1 2 3 4 3/4 RADIUS FROM CENTER WATER
2 gg gg CS 1 18 2 28 3 s . centen | OUENCH
i ) b H - T H
7 59 54 [ 2 3 . SURFACE Lo
8 59 53 0.3 1 1.9 2 2.3 3 3.3 4 3/4 RADIUS FROM CENTER oL
0.3 i3 2 2.3 3 3 s CENTen | QUENCH
-4 g0 qE ¥ ‘ T Y T
10 58 52 65 T : ;
1 58 51 = : :
12 57 50 w 60 e I "
- a : i
13 57 49 8 ss — == :
14 56 48 © : o : ——
154 56 47 o so - :
16 55 46 g 1 — t
18 54 @ % 48 t
20 953 x P——
22 42 <4 40 ~—
24 (;5 40 w 4 — =
2 wE=
26 51 40 ] = !
28 50 39 ® 30 +
30 50 38 t : + : :
32 49 37 25 —
HERT TREATING TEMPERATURES 20 > + + : : : ¥ §
RECOMMENDED BY SAE 2 4 [ 8 10(4N2)"4 116 18 20 22 24 26 28 30 |32
*NORMALIZE 1600 oF OISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
AUSTENITIZE 1550 ep
#Fof forged or rolled specimens only
FIGURE 6
HARDNESS LIMITS FOR SAE 4161RH
SPECIFICATION PURPOSES HARDENAB"'ITY BAND
“J" [DISTANCE HRC %C % Mn % Si % Ni %
SIXTEENTHS MAX MIN d cr %Mo
oF AN INCH - : {0-56/0.54 10.75/1.00 [0.15/0.35 | - 0.70/0.90 { 0.25/0.35
1
2 0 60
3 65 60
4 65 60
APPROX. D14, OF ROUNDS WITH SAME AS~QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
3 65 60 2 suarace | [~
& 65 60 1 2 3 4 3/4 RADIUS FROM CENTER NATER
pe 65 60 03 1 18 2 23 3 35 0 centem | PENCH
e 1 1 I I H i i
8 65 60 1 2 3 SURFACE )
9 5 60 0.5 1 1.8 ? 2.8 3 3.5 4 3/4 RAGIUS FROM CENTER ':)ll;.n
o P 0 2.5 v T8 2 28 3 33 centen | JUENCH
+
" 65 60 1) : =t 1 T
12 64 59 : ¥ s 1
v 60 "
13 64 59 2 +
1'% 64 59 3 55 o~
1.5 83 Ke o] 1
16 63 57 a 5o ——
w
18 62 6 2 ——
20 62 () g 48 -
22 x - P
24 51 - 40 —t———t— — Gh—
@ o = e §
26 59 49 2 s
28 58 4 S 3
30 57 46 € 30
32 57 45 S R SEEe e ey e
HEAT TREATING TEMPERATURES 25
RECOMMENOED B8Y SAE 20
#NORMALIZE 1600 °F 2 4 6 8 10 12 14 16 I8 20 22 24 26 28 30 32
AUSTENITIZE 1550 °F OISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INGH

#For forged or rotied specimens only

FIGURE 7
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HARDNESS LIMITS FOR SAE 5130RH HARDENABILITY BAND
SPECIFICATION PURPOSES
" " DISTANCE HRC %C *%Mn % Si %Ni %Cr %Mo
SIXTEENTHS
QF AN INCH MAX. MIN. 0.28/0.33 {0.70/0.90 | 0.15/0,35 -- 0.80/1.10 .-
' %
2 2
3 51 44
4 49 41 APPROX. DIA. OF ROUNDS WiTH SAME 45-~QUENCHED HRC, in. [ LOCATION IN ROUND QUENCH
46 2 4 SURFACE MILD
: 44 1 2 3 L3 3/4 RADIUS FROM CENTER WATER
? 4 0.9 1 1.8 2 2.5 3 3.8 4 CENTER QUENCH
T 1 1 1 0
8 3l ' 2 3 4 SURFAGE ILD
0.9 1 1.8 2 2.% 3 35 4 3/4 RADIUS FROM CENTER o
‘9. :,!Z E.g, 0.5 1 ) 2__ 2.8 3 34 CENTER . | QUENGH
L~ 4 L3 - i 1
" 34 26 63 — " :
12 33 25 :
w 60 1
13 32 28 3 "
14 31 23 PR
18 30 22 o = : : :
16 29 21 o s = : . :
@ S — : "
18 28 20 R
20 27 - z T —
22 26 .- z n ——
24 25 .- 4 %0 X N : ; :
w \‘ \\l % 11
26 24 - 23 = —
28 23 - 8 =~ ~—¢
30 22 .e T 30 : B T
32 21 -- —~ N
25 : =
HERT TREATING TEMPERATURES + + S : ; : "
RECOMMENDED BY SAE 20 T * 1 = : -
#NORMALIZE 1650 or 2 4 6 8 10,42 14 16 18 20 22 24 26 28 Bo 32
AUSTENITIZE 1600 °F DISTANCE FROM GUENCHED END - SIXTEENTHS OF AN INCH
#Fot forqed or rolled specimens only
FIGURE 8
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES SAE 5140RH HARDENABILITY BAND
'Jsuimess’;ﬁy:ss HRC %C % Mn % Si % Ni %Cr %Mo
N INCH MAX. MIN.
) 0.38/0.43 {0.70/0.90 | 0.15/0.35 -- 0.70/0.90 --
2 ;
i gg 2; APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED MRC, in. | LOCATION IN ROUND QUENCH
2 4 sureacell o
E] 53 4 i 2 3 4 3/4 RADIUS FROM CENTER WATER
6 51 m 0.5 1 15 2 25 3 3.3 P cenTER || GUENCH
7 48 « . T T T T T T T
4 . [ 2 3 - SURFACE Lo
8 § 38 0.5 | 1.8 2 2.5 3 38 4 374 RADOIUS FROM CENTER o
9 34 5.8 \ 15 2 2.3 3 3.5 ceEnTER || GUENCH
. : - .
10 3 33 65 ? : :
" 41 32 + "
12 40 k) u ch -
3 39 30 3 — 7
s 37 29 = =
k] 3 28 o a0 e
16 35 27 g e
18 38 26 g o
20 33 25 : ) =
22 32 28 4 40 X > =
24 3l 23 § = :
3s < :
26 30 22 g — : =
30 21 & 1 — e ——
30 29 20 % : = : E: —
32 29 - . = :
29 >
HEAT TREATING TEMPERATURES I : ———+
RECOMMENOED BY SAE T2 4 s 8 10 12 4 16 18 20 22 2¢ 26 28 30 32
#NORMALIZE 1600 op DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH
AUSTENITIZE 1550 e
#For _forged or rolied specimens only FIGURE 9
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HARONESS LIMITS FOR SAE 5160RH HARDENAB|L|TY BAND
SPECIFICATION PURPOSES
" 1" DISTANGE HRC %C % Mn % Si %Ni %Cr % Mo
IXTEENTHS
3; AN INGH MAX. MiN. 0.56/0.64 |0.75/1.00 | 0,15/0.35 -- 0.70/0.90} -
ETEE
2
3 65 60
4 65 59 APEROX. Di&. OF ROUNDS WITH SAME AS-QUENGHED HRC, in. | LOCATION IN ROUND QUENCH
64 58 L SURFAcE | 0
5 63 57 1 2 3 . 3/4 RADIUS FROM CENTER WATER
3 62 4 os 1 15 2 25 3 33 “ cenem | QUENCH
7 T T T T T
8 60 3 2 3 SURFACE
[o -1 1 18 2 2.5 L1 LY 4 3/ 4 RADIUS EROM CENTER Mo
bO Zg :; 0.5 [ s 2 25 3 3.8 cenTer  aVINen
T v
1 55 40 63— = T
2 53 39 e !
w 60 T -~
3 Gy 38 1 : e T
a 37 3 ss - t
5 48 36 o = N N
6 47 36 0 soFT— % o o
a 'y Aw N S o AN [T TS —= —
8 48 35 3 X = ;
10 a3 b g+ X ;
32 42 33 z
4 a 32 3 %0 ! :
H —
6 40 31 x 1 =
8 39 30 o ] P Wit —— .
ic 39 29 & 30 — ——
2 38 29 _ e ek b NN N P K
25— L ! : g
HEAT TREATING TEMPERATURES * t . : ] —]
RECOMMENDED BY SAE 20 : f — ; ! =
*NORMALIZE 1600 o 2 4 6 8 1012 4 16 18 20 22 24 26 28 30 j2
AUSITENITIZE 1550 ¢ DISTANCE FROM.QUENCHED END - SIXTEENTHS OF AN INCH
#For |forged or rolled specimens only
HARDNESS LIMITS FOR i ) )
SPHCIFICATION PURPOSES SAE 8620RK HARDENABILITY BAND
"J" NSTANCE HRC - -
SIXTEENTHS %C % Mn % Si %Ni %Cr % o
QF AN INCH MAX. MIN,
1 Q‘? Q}? 0.18/0.23 [0,70/0.90 1 0.15/0.35 0.40/0.70] 0.40/0.60] 0.15/0,25
2
3 41
a4 38 @ APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
2 4 SURFACE Wico
L %,? 26 1 ? 3 4 3/4 RADIUS FROM CENTER WRTER
6 29 gg 65 1 1% 2 2% 3 35 4 center | QUPNOY
? T I T -t T T
8 28 21 \ 2 a SURFACE o
0.9 1 1.9 2 2.5 3 3.3 4 3/4 RADIUS FROM CENTER "
9 26 20 0.8 | s 2 2.5 3 3.3 Centen | QUENCM
am 3. — 1 { )
" 2 - 6 T— o
23 .- - et pestes Comel
12 w 60 <
18 23 -- 2
14 22 -- a 58
15 22 -~ ©
16 21 - a %0
H 1
18 20 -- 2 as
20 -- -- Ed N —
22 ===
24 a LW - 1
26 2 33 ==
28 g \‘ AW
:g 30 = = — pu— - S p—
| 2 A v B —
HEAT TREATING TEMPERATURES St i 1 i
RECOMMENDED BY SAE 20 o

*NORMALIZE 1700 °F
AUSTENITIZE 1700 °F

*For forged or ralled specimens on|

2 4 6 8 10 12 4 W% 8

20 22 24 26 28

DISTANCE FROM QUENCHED END ~ SIXTEENTHS OF AN INCH

FIGURE 11
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*NORMALIZE
AUSTENITIZE

#For forged or rolled specimens only

RECOMMENDED BY SAE

1700 °F
1700 °F

DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH

FIGURE 13

J1868 Revision JUN90
HARDNESS LIMITS FOR SAE 8720RH HARDENABILITY BAND
SPECIFICATION PURPOSES :
T DISTANGE HRC %C % Mn % Si %Ni %Cr %Mo
e an e [wMAx. | i, 0.18/0.23 |0.70/0.90 |0.15/0.35 | 0.40/0.70 | 0.40/0.60 | 0.20/0. 30
‘
g ¢ 3 APPROX. O)A. OF ROUNDS WITH SAME AS-QUENCMED HRC, in LOCATION IN ROUND QUENCH
43 é 2 4 SURFACE
4 40 MILO
1 2 3 4 3/4 RAQIUS FROM CENTER WATER
s 28 08 ' 15 2 23 3 a5 « CENTER | QUENCH
1 _ I 1 T 1
6 @ 26 1 2 3 Py sumeace |
? 24 0s 1 18 2 2.5 3 38 3/4 RADIUS FROM CENTER oiL
8 29 23 03 : [ 2 2.8 3 3.9 cEnTER | QUENCH
: 1 T T T T T
28 22 85 ; — —
10 27 21 L } $
I 26 20 w 60 t
2 25 -- 3 i :
3 88 : —=
12 25 . o : -
14 24 . s :
18 24 .- o i T
E 3
'8 23 h 2 as
18 23 ] \‘\ T—! =
20 22 . 4 40 — : —
22 22 - @ = ! e e s
24 2 22 —
1 - X 3 —I o —
Q E\ b T + +
26 20 . € 30 X ?
28 - - e — T
30 25 == :
32 —— S%SF: : : —
: 1 -
HEATR‘I’ REATING TEMPERATURES R R RN SR TR TR TR TR T 30 |3z
ECOMMENDED BY SAE DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
*NORMALIZE 1700 °F
' .
AUSTENITIZE 1700 ,F FIGURE 12
#For forged or rolled specimens only
HARDNESS LIMITS FOR SAE B822RH HARDENABILITY BAND
SPECIFICATION PURPOSES B A
“JsulxglEsE.l;\TNbfsE HRC % % Mn % Si %Ni %Cr %Mo
OF aN INCH MAX. MIN. 0:2070.25 | 0.75/1.00{ 0.15/0.35 | 0.40/0.70{ 0.40/0.60| 0.30/0.40]
]
3 48 4 APPROX. 01A. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCN
47 40 2 SURFACE
4 43 35 - - o
- 1 2 3 4 3/4 RADIUS FROM CENTER Q:;TNEC':‘
8 40 @ [} 51 i . 1.8 2 z.? sl 3]5 41 CENTER
§ \ 2 } sumrace | |
7 27 0.8 1 1.8 2 2.8 3 38 4 3/4 RADIUS FROM CENTER 1
8 26 0.5 1 1.5 2 2.3 P 38 centen | QUENCH
i
9 32 25 65 T
:? - 2 60 —1
30 24 "
12 30 23 i =
- 3 55
13 29 23 o
14 28 23 A8y
18 28 22 ¥ B
21 22 2 e =
€ >
18 z b v + —
2 | 8| e
22 26 - 5 :
24 %6 - Z2 oS
8 A .~
26 . & 30— =
28 2 o =
30 25 . 23
= 25 =z : ==
HEAT TREATING TEMPERATURES B N B R T S R R TR o T 28 30 32
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SAE J1868 Revision JUNSO
SAE 4027RH HARDENABILITY BAND
%C % Mn % Si %Ni “%Cr % Mo
C.25/0.20| 0.70/0.90( 0.15/0 .35 -- -- 0.20/0.30
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
APPROX [ia. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LCCATION IN ROUNO - JQUENCH
" DISTANCE HRC 50 75 SURFACE | o
.J ! 20 0 60 90 3/4 RADIUS FROM CENTER| WATER
ax.
MILLIMETERS M 20, 30 40 50 60 80 100 CenTEm | QUENCH
T T
‘55 @ 20 -0 60 80 100 SURFACE I i
N 18 30 .3 60 7% 30 3/4 RADIUS FROM CENTER| c:'LD
:", é 0 20 30 40 %0 60 s cenTER | QUENCH
T T D A X } V p
- 00 U 0 i A S H ]
9 29 23 e e e e e e i eI ‘
LR 26 20 s — — . 3
3 24 .- w
k-] 23 - g
w
RO 21 -- o
RS . - a
Bo 2
B 5 g
<
T
0 4
45 bl
50 2
9
<]
€

HEAT TREATING TEMPERATURES
RECOMMENOED BY SAE

HEAT TREATING TEMPERATURES

*NORMALIZE 900 = i
AUS[TENITIZE 870 ¢ = T
# For Jorged or rolted specimens only 20— 3 38 20 2% 30 i3 - = -
DISTANCE 'FROM QUENCHED ENO - MILLIMETERS
FIGURE 14
SAE G118RH HARDENABILITY BAND
%C % Mn %Si %Ni *%Cr % Mo
0118/0.23] 0.70/0.90( 0.15/0.30 -- -- 0.08/0.15
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
TANGE HRC APPROX. D14, OF ROUNDS WITH SAME AS-QUENCHED HAC, mm| LOCATION IN ROUND | QUENCH
"t g1STA 30 75 SURFACE |
MlLLlMETERs MAX. MlN. 20 30 60 90 3/4 RADIUS FROM CENTER) :ITLEDWN
1.5 20 30 40 30 6O 00 100 centen | OfNC
3 : 70 a0 o 80 100 SURFACE o -
3 @ 13 30 a3 50 73 90 374 RADIUS FROM CENTER I
1 CENTER QUENCH
9 28 21 — ‘ ' <
| 25 20 P V :
13 24 - .
18 23 - w
-
a
20 20- - 2
k4] .. .= 124
30 a
35 Y
a
@
40 g
45 "
S50 a
EA
8
RECOMMENDED BY SAE e
*NORMALIZE 925 *Cc
AUSTENITIZE 925 *C

#For forged or rolled specimens only

7 ni

315 20

30 335

DISTANCE FROM QUENCMED END - MILILIMETERS

FIGURE 15
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SAE J1868 Revision JUN90 -

SAE 4120RH HARDENABILITY BAND

%C % Mn %Si % Ni “%Cr % Mo
HARONESS LIMITS FOR 0.18/0.23 10.90/1.20 0.15/0.35 -- 0.40/0.60 |0.13/0.20
SPECIFICATION PURPQSES
"y DISTANCE HRC APPROX DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm [ LZCATION (N ROUND ! QUENCH
MILLIMETERS MAX. s0ts SURFACE MILD
20 30 60 30 3/4 RADIUS FROM CENTER| WATER
‘55 20 30 40 L0 60 80 . 100 CENTER QuUENCH
5 4 e a6 o 80 00 1 sumFace [ o
7 s 10 a5 60 s 30 13/4 RADIUS FROM CENTER|  Om
1020 0 4n 0 &0 25 : CenTsa | QUENCH
9 32 25 - . L § =
N 29 22 e e S : ;
13 28 21 = i I R )
i 26 2 R e B O\ !
3 bl . ) !
20 23 -- 9 7 ;
2% 21 - b ; |
30 - -- ® ; T
35 uw : H
z i i
o ; !
40 S : !
as T !
50 3 : i
g ! 1
HEAT T|REATING TEMPERATURES x = RS
RECOMMENDED BY SAE 3 4 1
@«
*NORMALIZE 925 ¢ i-
AUSTEQITIZE 925 ¢ |~
#*For forged or rolied specimens only $ :J: L 2 1
N Nl 20 25 30 35 36 a5 | s0
DISTANCE/FROM QUENCHED END - MILLIMETERS
SAE 4140RY HARDENABILITY BAND
% % Mn %Si % Ni %Cr % Mo
HARDONESS LIMITS FOR 0.38/0.43| 0.75/1.00| 0.15/0.35 .- 0.80/1.00 |0.15/0.25
SPECIFICATION PURPOSES
"on HRC
MJILLDI'aggggg ax N APPROX. DIA. OF ROUNDS WiTH SAME AS-QUENCHED HRC, mm | LOCATION IN ROUND QuEpNCH
. : 50 75 i SURFACE )
1. @ @ 20 30 60 90 | 374 RaOWS FROW CENTER| waTER
3 5 3 20 30 40 0 60 80 100 i CENTER QUENCH
T T T M T
3 23 54 20 40 60 80 100 | SURFACE wlo
53 B 30 a5 80 75 30 | 3/4 RADIUS FROM CENTER|  OIf
9 28 52 1020 30 a0 50 60 75 - CEnTER | QUENCH
56 50 B R T ) Sy : e
13 55 a9 e E
13 54 a7 1 -
w
24 5 42 2
25 49 3 9
30 % S
3s 15 37 a
w
z
40 44 36 3
45 43 35 3
S0 41 33 -
o
HEAT TREATING TEMPERATURES z
RECOMMENDED BY SAE = TEE - = Ea—
o _ Eil = e Se—
*NORMALIZE 870 °C € 30
AUSTENITIZE 845 °C S R S Je e o s o h
% For forqed or rolied specimens only 23
20 -
3 5 9 N3 8 20 2% 30 35 40 45 %0

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 17

- 13 -
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SAE J1868 Revision JUN90

SAE 4145RH HARDENABILITY BAND

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE

*NORMALIZE 870 °C
AUSTENITIZE g8as °C

*For forded or rolled specimens only

%C %Mn %Si % Ni %Cr % Mo
0.43/0.4810.75/1.004 0.15/0.3% -- 0.80/1.10 ]0.15/0.25
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
HRC APPROX DiA OF ROUNDS WiTH SaME 3S-QUENCHED MRC, mm i LCCATION 1y ROUND ! QUENCH
"J" DISTANCE - €5 18 K T svRrace |
MILLIMETERS MAX. MIN. 25 310 50 30 ' 3/4 RADIUS FROM CENTER| wnL:n
1.5 @ 20 3¢ 40 T &G 80 ‘00 T Tintea | QUENCKH
3 0 : |2z 40 60 80 20 ! SuRFace !
3 61 56 T e 30 a8 60 7s 30 374 RaDIUS FROM CENTER] oI
7 61 56. O_20 30 400 &0 -s : SENTER | JUENCH
9 60 55 .
B 59 54
13 59 53
K- 58 52 -
<
v d
20 57 49 3
25 55 44 -
35 52 4 =
«
40 %% 40 b3
45 39 <
50 49 37 w
z
x
o
Qo
o

20

3 5 7 9 101315 20 25 30 3% 40 435 s5p
DISTANGE FROM\QUENCHED END - MILLIMETERS

FIGURE 18

,- sa¢ 16184\ HARDENABILITY BAND

%C %Mn % Si %Ni %Cr % Mo
0:56/0.64 { 0.75/1.00| 0.15/0.35 -- 0.70/0.90 |0.25/0.35
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
" g DISTIANCE HRC APPROX 014 OF ROUNDS W!TH SAME AS-QUENCMED MRC, mm| _OCATION IN ROUND | GUENCH
MILLIME[TERS | MAX. MIN. 073 ! suReace ! o
7. 20 30 60 9C i 3/4 RAQIUS FAOM CENTER WATER
1. @ \g,gJ 20 30 40 <D 60 60 ‘20 ! TENTER QUENCH
3 - T
s 65 50 20 40 650 80 00 ; SURFACE o
7 65 60 [k} 30 a5 50 78 30 T3/ RADIUS FROM CENTER [o]18
CENTER QUENCH
9 65 60 ,
65 60
13 65 60
15 65 60 w
-
B3
24 64 59 @
25 53 [
16 19|
3s éb u
2
40 59 50 <
45 58 a7 z
L1 57 45 2
=
HEAT TREATING TEMPERATURES x
RECOMMENDED BY SAE g
*NORMALIZE 870 °C
AUSTENITIZE 845 *C
* For forged or rolled specimens only
€9 s 7 9 1 1318 20 23 30 35 40 45 50
CISTANCE FROM QUENCHED END ~ MILLIMETERS

FIGURE 19
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SAE J1868 Revision JUN90O
SAE S130RH HARDENABILITY BAND
% C %Mn %Si %Ni %Cr % Mo
0.28/0.,33 10.70/0.90{ 0.15/0.35 -- 0.80/1.10 .-
HARDNESS LIMITS FOR

SPECIFICATION PURPOSES

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE

*NORMALIZE 870 °C
AUSTENITIZE 845 °C

# For forged or rolled specimans only

an DISTANCE HRC APPROX Gid OF ROUNDS WITw SAME 4S-QUENCHED HRC, =m | LOCATION IN ROUND QUENCH
MILLIMETERS MAX. MIN. [ERD | SURFACE
sy s 2030 60 36 {374 R80IUS FROM CENTER| waTER
135 %53/ g-g) 20 30 40 %0 €0 80 00 CENTER QUENCH
s 51 44 20 40 60 80 ‘00 I SURFACE
7 48 39 '3 30 .3 50 75 90 i 374 RADIUS FROM CENTER "o'hn
0 20 3040 3 &0 B . CENTER ] QUENCH
9 T5 > - oL
K 4 \5'3} : 3
31 .
5 28 w = :
4 : !
20 32 24 g - :
28 29 21 o i
30 28 20 @ b
33 26 -- “ ; I
z . t
a : I
40 24 -- H : !
4% 23 .- T L !
50 21 -- 3 : ;
@ R
HEAT TREATING TEMPERATURES i - —
REGOMMENDED 8Y SAE S PR S
@x . '
*NORMAYIZE 900 ¢ —+
AUSTENITIZE 870 ¢ o
#*For forgpd or rolled specimens oniy + 1 T B
203 ——— — T \:‘ss _
3 7 9 N 318 20 2% 30 i3 40 45 50
DISTANCE FROM QUENCHED END - MILLIMETERS
SAE 5140RH HARDENABILITY BAND
%'C % Mn %Si % Ni “%Cr % Mo
0.38/0.43 {0,70/0.90 | 0,15/0,35 -- 0.70/0.90 --
HARQNESS LIMITS FOR
SPECIF[ICATION PURPOSES
HRC
"J" DISTANCE APPROX 0la. OF ROUNDS WITH SAME AS-QUENCHED WRC, mm | LOCATION IN ROUND QUENEH
MILLIMETIERS MAX. MIN, 50 73 SURFACE it
2030  60' 90 3/4 RADIUS FROM CENTER| waTdR
‘is @ 20 10 40 %0 60 80 00 CENTER QUENER
] 57 51 2040 _e0 80 109 SURFACE .
7 55 47 8 30 49 60 7% 30 374 RADIUS FROM CENTER oL
o 52 (4:? e
1 48
13 a5 36
E g .
-
20 30 a0 :
28 35 27 2
30 33 25 @
38 32 24 &
3
40 k} 22 €
43 30 21 T
50 29 20 4
w
3
x
Q
o
x

4%

9 N3 18

20 23

50

DISTANGE FROM QUENCHED END - MILLIMETERS

FIGURE 21
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SAE J1868 Revision JUN90
SAE S160RH HARDENABILITY BAND
%C % Mn % Si % Ni %Ce % Mo
0.56/0.64 §0.75/1,00} 0.15/0.35 -- 0.70/0.90 --
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
HRC
"J" DISTANCE APPROX 314 OF RCUNDS WITH SaME A5-5.ENCHED WRC, mm (L ITATION IN ROUND QUENCH
MILLIMETERS MAX. MiN. 20 78 i SURFACE wiio
65 « {60 20 30 50 90 i 3/4 RADIUS FROM CENTERI WATER
‘55 KS{ }D) 22 30 40 %0 60 30 0o | Tenter 1 JUENCH
5 g; gg 20 40 60 80 oo | SURFACE wo
7 -} 10 45 60 re 90 © 374 RADIUS FROM CENTER] o
10 20 iC a9 50 £ ETY —rntra  JUENCH
9 GJ 37 — ¥
1B 62 4
13 60 @
15 51 4
o
20 %_2/ 38 3
28 36 a
30 43 3 Z
35 41 32 n
2
a0 40 31 g
a8 39 30 3
S0 38 29 o
o
HERT TREATING TEMPERATURES :
RECOMMENDED BY SAE 2
*NQRMALIZE 870 °C =
AUSTENITIZE 845 °C
®* Fof forged or rotied specimens only
0—=3 T 9 11 13 15 20 25 30 3% T— 30
DISTANCE FROM QUENCHED END - MILLIMETERS
FIGURE 22
SAE B620RH HARDENABILITY BAND
%C “%Mn *%Si % Ni “%Cr % Mo
HARDNESS LIMITS FOR 9.18/0.23| 0.70/0.90} 0,15/0.35}0.40/0.70 | 0.40/0.60 [ 0.15/0.,25
SPECIFICATION PURPOSES
HRC
"J"|0ISTANCE APPROX DIA OF ROUNDS WITH SAME 4S-CUENCHED WRC, mm | _ZCATION IN ROUND © QUENCH
MILLIMETERS MAX. MIN, 50 75 ! surkace | ] o
(] 20 30 * 3/4 RADIYS FROM CENTERt WATER
155 @ 100 Cewea | ofEMer
5 A @ : supFace | o
7 3_6) 8 © 3/4 RAOIUS FAOM CENTER | b
N \ ¢ 7 78 ZENTER | JYENCH
n 29 22 : - : .
13 28 21 5 : : :
8 26 20 ; T : "
W . N . '
- : : .
20 23 -- 3 - s -
< 21 - s t | -
3 S y —
s @ ; ] : :
g i i i
40 @ ; : |
a8 S ! : :
50 - = . ; i
g i ; i
HEAT TREATING TEMPERATURES 3 . : - -
RECOMMENDED BY SAE g i i
*NORMALIZE 925 o € :
AUSTEMITIZE 925 e '
#For forged or rolled specimens only Paai A 4
20 : W3 18 20 25 36 3% 40 95 50

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 23
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