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7. USE OF RESTRICTED HARDENABILITY LIMITS

For specification purposes, one must use the tabulated values of Rockwell hardness (HRC) as a function of distance from
the quenched end of the hardenability bar, either in metric (SI) units (millimeters) or U.S. customary units (sixteenths of an
inch). Values below 20 HRC are not specified because such values are not as accurate. Band limits 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 metric

(SI) units and U.S. customary units.
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TABLE 1 - COMPOSITIONS OF RESTRICTED HARDENABILITY STEELS

Ladle Chemical Ladle Chemical Ladle Chemical Ladle Chemical Ladle Chemical Ladle Chemical

Composition,  Compoasition, Composition, Composition, Composition, Composition,
SAE Weight %M@ weight %Y@®  weight %@ weight %Y@®  weight %®?©  weight %@

Steel No. C Mn Si Ni Cr Mo
SAE 15B21RH®  0.17/0.22 0.80/1.10 0.15/0.35
SAE 15B35RH®”  0.33/0.38 0.80/1.10 0.15/0.35
SAE 3310RH 0.08/0.13 0.40/0.60 0.15/0.35 3.25/3.75 1.40/1.75
SAE 4027RH 0.25/0.30 0.70/0.90 0.15/0.35 -- -- 0.20/0.30
SAE 4118RH 0.18/0.23 0.70/0.90 0.15/0.35 -- 0.40/0.60 0.08/0.15
SAE 4120RH 0.18/0.23 0.90/1.20 0.15/0.35 -- 0.40/0.60 0.13/0.20
SAE 4130RH 0.28/0.33 0.40/0.60 0.15/0.35 -- 0-80/1.10 0.15/0.25
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 -- 0.80/1.10 0.15/0.25
SAE 4161RH 0.56/0.64 0.75/1.00 0.15/0.35 -- 0.70/0.90 0.25/0.35
SAE 4320RH 0.17/0.22 0.45/0.65 0.15/0.35 1.65/2.00 0.40/0.60 0.20/0.30
SAE 4620RH 0.17/0.22 0.45/0.65 0.15/0.35 ¥’65/2.00 -- 0.20/0.30
SAE 4820RH 0.18/0.23 0.50/0.70 0.15/0.35 3.25/3.75 -- 0.20/0.30
SAE 50B40RH™  [0.38/0.43 0.75/1.00 0.15/0.35 - 0.40/0.60
SAE 5130RH 0.28/0.33 0.70/0.90 0.15/0.35 -- 0.80/1.10 --
SAE 5140RH 0.38/0.43 0.70/0.90 0.15/0:35 -- 0.70/0.90 --
SAE 5160RH 0.56/0.64 0.75/1.00 0.15/0.35 -- 0.70/0.90 --
SAE 8620RH 0.18/0.23 0.70/0.90 0.15/0.35 0.40/0.70 0.40/0.60 0.15/0.25
SAE 8622RH 0.20/0.25 0.70/0.90 0.15/0.35 0.40/0.70 0.40/0.60 0.15/0.25
SAE 8720RH 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 8822RH 0.20/0.25 0,75/1.00 0.15/0.35 0.40/0.70 0.40/0.60 0.30/0.40
SAE 9310RH 0.08/0.13 0.45/0.65 0.15/0.35 3.00/3.50 1.00/1.40 0.08/0.15
Restricted Hardenahility Limits-foer-Steels in Table 1 appear in Figures 2 through 23.
1. Small quantities of cefftain elements-may be found in alloy steel which are not specified or required. These elements are cofsidered as incidental

and acceptable to the following maximum amounts: copper to 0.35%, nickel to 0.25%, chromium to 0.20%, and molybdenunf to 0.06%.

2. Maximum sulfur contept is ©.040% and maximum phosphorus content is 0.025%.
3. Ranges and limits are|subject to the permissible variations for product analysis shown in SAE J409.
4. These steels can be ekpected-tocontain-0.000510-0.003% boron
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HARDENABILITY BAND SAE 4140 H/RH
% C %Mn %Si % Ni %Cr % Mo
W [0.3770.48 ] 0.65/1.10 | 0.15/0.35 - 0.75/1.20 1 0,15/0.25
RH}0.38/0.43 | 0.75/1.00 | 0.15/0.35 -- 0.80/1.10 | 0.15/0.25
DISTANCE FROM QUENCHED END - MILLIMETERS
3 5 7 9 1N 1315 20 25 30 35 40 45 50
T T T T T T T . 1) LS T
65 - . —
w 60 =
F e
@ 58 :
2 Standard
& 50 — = %
- .,
S 4s — ==
< ~
X ~ e —
3 40 Restricted—
1
235
O
L=}
x 30
25 —
20
2 4 € 8 10 12 4 16 18 20 22 24 26,-28 30 32

DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN_INCH

HARDNESS LIMITS FOR HARDNESS LIMITS FOR
SPECIFICATION PURPOSES SPECIFICATION PURPOSES
o MAX HRC MIN HRC "J" \DISTANCE MIN HRC
DISTANCE A SIXTEENTHS hAX HRC
MILLIMETERS {4140 H|4140 RH| 4140 RHj4140 H OF AN INCH | 4140 H|4140 RH| 4140 RH|4140(H
1.5 60 | &9 | &9 53 l 60 | & | G 53
3 60 59 54 52 2 60 59 52 53
5 60 59 59 52 3 60 59 54 52
7 59 59 53 51 4 59 59 53 51
9 59 58 52 60 s 59 58 52 51
b 58 56 50 48 6 58 57 51 50
13 57 55 49 46 ? 58 56 50 48
15 57 | 54 47 43 8 57 | 55 49 4
20 55 51 38 9 57 54 48 44
25 53 19 @ 35 10 56 53 46 42
30 a1 |- 38 33 N 56 52 @ 40
35 a9 | (2% 37 32 2 55 | se 39
13 55 51 42 38
40 48 a4
e sl 43 ¥ 3 " 56 | 50 a1 37
50 a5 41 33 30 15 54 50 40 36
16 53 49 39 35
‘HEAT\T'REATING TEMPERATURES s o2 28 "
*NORMALIZE 870 °C 20 51 @ 37 33
AUSTENITIZE 845 °C 22 49 46 37 33
*For forged or rolled specimens only 24 8 43 36 3
(4] 47 449 30 I4
28 46 43 35 31
30 46 42 34 31
32 44 41 33 30
HEAT TREATING TEMPERATURES
#NORMALIZE 1600 °F
AUSTENITIZE 1550 °F
# For_forged or rolied specimens only

FIGURE 1 - COMPARISON OF H-BAND AND RH-BAND FOR SAE 4140 STEEL
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S ONESS LmiTS FOR HARDENABILITY BAND s 15821
SPECIFICATION PURPOSES - T - -
% C % MN % Si % Ni %GCr %Mo %8
"J" DISTANCE HRC
SIXTEENTHS 0.17/0.22|0.80/1.100.15/0.35 -- -- .-
OF AN INCH | MAX. MIN. ‘; !
1 1__‘ can be expected to contain 0,0005/0,003 percent boron.
2 46 41
3 44
4 42 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED NRG, in. | LOCATION IN ROUND QUENCH
2 4 SURFAGE
5 @ 24 1 2 3 4 3/4 RADIUS FROM CENTER \'l’:‘TLEOR
6 30 20 05 1 15 2 2.5 3 35 4 CENTER | QUENCH
? 24 - 1 1 i - T T T 1 T
8 22 — 1 2 3 4 SURFAGE MILD
0.% 1 1.5 2 2.5 3 185 4 3/4 RADIUS FROM CENTER on
9 20. o 1 La 2 Py Y 3 g ENIER QUENGH
10 -- - 65 SSED SUUNU S - — -
1" ) apelh i N
12 w 60— + - S R
= —— AA_JI - = N -
13 B S St Bl SRUNEE Soetelies St E ettt itk semetts b e T 8 +—1-
14 ? 55 G S
15 ©
16 o s0 —— T 1 —
W 1 -  —— = 4 o — — 44— -~
18 g as
20 E EE R S SR B S S S A o -
gi j 40—_ SN N1 R N —— = t
u NER - o=
35 — ++——+—
26 5 \ 1 1
g ] ]
30 L - =
Et- e —X— --
32 1 X \—
25 \‘ A\ 43
HEAT TREATING TEMPERATURES —— AN : :
. 20 i - ' 1S
*NORMAL|ZE 1700 .F 2 4 6 8 (0, 12 14 16 18 20 22 24 26 28|30 3z
AUSTENITIZE 1700 °F DISTANGE ‘EROM QUENCHED END - SIXTEENTHS OF AN INCH
#For forged or rolled specimens only
HARE NESS LIMITS FOR APPROX._BiA)OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND QUENCH
50 75 SURFACE
SPECIFIGATION PURPOSES 20~30 60 20 3/4 RADIUS FROM CENTER ﬁ'{‘é’n
HRC 20 10 40 0 60 80 100 CENTER QUENCH
"J" DISTANCE D S S S SR S o T T
MILLIMET[ERS MAX. MIN. 20 40 60 80 100 SURFACE MILD
15 10 45 80 75 90 3/4 RADIUS FROM CENTER o
1.5 @ @ 'O 20 30 40 50 60 75 CENTER apench
3 [ 1 . - — T — T H —]
5 44
7 40
: @ [~ | 3
11 24 - Q
13 22 -- o
15 20 -- w
wn
w
20 - b 3
25 z
30 T
35 =
3
40 X
a5 8 S e S § S S B S (S—— S Ay——SSS— S S Cl —
$0 x 30 —
X
HEAT TREATING TEMPERATURES 25 S .
*NORMALIZE 925 °C N—S
AUSTENITIZE 925 °C 205579 13 15 20 28 30 3% 40 a5 50

#For forged or rolied specimens only

DISTANGE FROM QUENCHED END - MiLLIMETERS

FIGURE 2 - LIMITS FOR HARDENABILITY BAND 15B21RH
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND st 15835 fH

7 DISTANGE HRC %C % Mn % Si % Ni %Cr %Mo %8B
SIXTEENTH
oF Ao [ wax. MIN, 0.33/0.38 |0.80/1.10 {0.15/0.35 | == - - .
Z‘Z @ ¢ * can be expected to contain 0,0005/0.G03 percent boron.
-
3 54 50
4 53 49
5 50 @ APPROX. DIA. OF ROUNDS WiTM SAME AS-QUENCHED HRG, in | LOCATION IN ROUND GUENCH
6 33 2 4 SURFACE MILD
7 28 i 2 3 4 374 RADIUS FROM CENTER WATER
8 3% 24 0s 1 15 2 zs 3 35 a cEnTER | QUENCH
i L I T 1 1 1
9 12 23 1 2 3 4 SUﬁFACE_ MILD
10 28 <l 2 T L 753 TS 32 374 RADIUS FAOM CENTER oL
1 o5 1 1.5 2 2.5 3 3.5 CENTE "
12 25 e
13 ;
14 24 -~ ;
15 3
16 23 - o
18 a
20 22 - : —
22 Z —
24 20 - z 1
P
26 b
28 .- - z ~
% g ==
32 e
7 Sy Sa—
HEAT TREATING TEMPERATURES o - |-
*NORMALUIZE 1600 *F 4} : ]
AUSTEMITIZE 1550 *F : —
) 4 & gL 12 14 16 18 20 22 24 28 28 |30 32
#For forged or rolied specimens only DISTANGE FROM QUENGCHED END - SIXTEENTHS OF AN INCH
HAR!)NESS L'M'Ts FoR APPROX. QIA. OF ROUNDS WITH SAME AS-QUENCHED HR(C, mm LOCATION IN ROUND QUENCH
SPECIFICATION PURPOSES 272 SURFICE | Lo
20, 30 60 90 3/4 RADMIS FROM CENTER] WATER
"J" oisTANCE HRGC 210 r 301 4[1) Yf>(7 r 601 510 100 CENTER QgENCH
T
MILLIMETERS MAX. MIN. 20 40 €0 80 100 suarace | |
1% 30 a8 &0 75 90 3/4 RADIUS FROM CENTER DiL
\55 @ @ 0 20 10 40 50 650 75 CENTER QUENCH
5 54 50 —
ke 52 46 B e el o
[
9 J pos -
5 ® | 2 =
13 35 24 o —
15 30 z1 «» ——
@ ———
@ e
20 25 -- z ) 1
25 23 o 2 — = S
30 22 - z — o el it
35 21 - 5 ]
bt PRSI S .
40 70 - z — -
45 8 FHi-+ A%
50 € 30 X e — — —]
S B — —
HEAT TREATING TEMPERATURES 25 — — ]
*NORMAL.IZE 870°C t 1 S ——
», L
AUSTENITIZE 845°C S S T 20 2% 30 3% 40 4% 50

*For forged or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 3 - LIMITS FOR HARDENABILITY BAND 15B35RH
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HARDENABILITY BAND  S& 3310 Rd

HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
" DISTANGE HRC % C % Mn % Si % Ni %GCr % Mo
S e | max MIN. 0.08/0.13 | 0.40/0.60 [ 0.15/0.35 | 3.25/3.75 | 1.40/1.75 | -~
1 @
2 42 37
3 42 37 APPROX. DiA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
4 41 36 2 4 SURFACE MILD
1 2 3 4 3/4 RADIUS FROM CENTER WATER
5 41 36 o5 1 1.5 2 25 3 35 3 CENTER | CUENCH
6 41 35 T T T T —T T T
7 40 34 2 3 4 SURFACE LD
8 40 33 /4 RADIUS FROM CENTER Oil.
3.5 CENTER | JUENCH
9 39 32 i
10 39 @ & 1 e e St e
1 39 3l QS i +- ]
2 3 3 ; - fi’if —thdt - =
13 38 30 a ——— S S = = —]
14 30 © s e e S ——
15 29 2 s0f— T + —]
16 37 29 w . s it _’_J — i R
2 asfH———+— —— = -
18 36 28 < 1 - 3= Enem———— -
20 36 28 . B b e S S o =
22 35 21 3 s s S o S = =
24 35 27 w - Ee =1 3
5 - S o = B R 3
26 35 27 e -+ S Sl e B L e
28 34 26 e — = = — =
30 34 26 - i S — T 3
32 3 26 : ]
T { .
HEAT TREATING TEMPERATURES 20 —
2 4 6 8 10°\1%2 14 16 18 20 22 24 26 28| 30 32
*Nog:'::#‘en iggg .'; DISTANGE FEOM QUENGHED END - SIXTEENTHS OF AN INCH
AU
#For forged or rolled specimens only
HARDNESS LIMITS FOR APPROX D1, OF ROUNDS WITH SAME AS-QUENGHED HRC, mm | LOCATION IN ROUND VENCH
%50 75 SURFACE
SPECIFICATION PURPOSES 2Nb- s0 %0 T Pioos From cEnTen| etdn
"R 70 30 40 50 60 30 100 CENTER UENCH
“J" DISTANCE < 20 .mI eIo - 80 : 100 : :
MILLIMETERS MAX. MIN. SURFAGE LD
3/4 RADIUS FROM CENTER o
1.5 @ @ CENTER qUENCH
3 37 3 e ——— Tt 7
5 a2 37 -
7 4] 36 s E
[} — ————
9 4] 35 3 S
i1 40 34 2 -
13 40 33 o o -
15 39 @ a
ud
20 30 z
25 29 S -
30 Jb 28 z
35 35 27 > T , R
g — -
40 35 21 xTEL o | SR — ——
45 34 26 o .of qoy ) -
50 34 26 O — - -
SO T P T
HEAT TREATING TEMPERATURES 25:; 3 - - g
*NORMALIZE 925 °C 20 **ﬁ f ot} SR e st copuebl (S 1.
AUSTENITIZE 845 °C 315 7 9 111315 20 2 30 33 40 45 50

® For forged or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 4 - LIMITS FOR HARDENABILITY BAND 3310 RH
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#For forged or rolled specimens only

HARDNESS LIMITS FOR HARDENABILITY BAND  sa w2 my
SPECIFICATION PURPOSES
T DISTANCE ey %C % Mn % Si % Ni “%Cr % Mo
IXTEENTHS
ZF AN INCH MAX . MIN. 0.25/0.30)] 0.70/0.%0} 0.15/0.35 -- - 0,20/0.30
1
1P| @
3 34
4 37 8
s 12 24 APPROX. DIA, OF ROUNDS WITH SAME AS-QUENGHED HRC, in. | LOGATION IN ROUND QUENCH
6 28 22 2 4 SURFACE WILD
7 26 20 f 2 3 4 3/4 RADIUS FROM CENTER WATER
8 24 o o8 1 15 2 28 3 135 P CENTER | CUENCH
1 1 X L 1 b I I X
na 1 2 3 4 SURFACE WD
‘% 72 0.5 T T 9 (4 Z.9 ] I 37% oL
" 22 :: 0.5 ) 1.8 2 2.5 3 3.5) CENT QUENCH
12 21 - 6%
13 21 - w 60—
14 20 - 2 e —F A
15 - - O e
16 o
€N
18 m 50 N
20 F4 X
22 g 45 ‘\‘
24 z aY
a 40 —Y
26 o B to = ——
28 z a8 = -
30 g RS
32 < 30 N—
HEAT TREATING TEMPERATURES 25 - —
ANORMALZE %ggg °F = =
ITIZE *F > —
AUSTENITIZ X 20 2 4 [ 8 1o T -4 4 16 18 20 22 24 26 28| 30 32
*For_forged or rolied specimens only DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARDNESS LIMITS FOR APPROX [DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm | LOCATION IN ROUND BUENCH
SPECIFJCATION PURPOSES 50 7% SURFACE wid
2030 60 90 3/4 RADIUS FROM CENTER| |WATER
" 5" DISTANCE HRC 20 30 a0 50 60 80 100 CENTER pUENCH
T I T 1 1 )4 L T
MILLIMETERS MAX. 20 40 60 80 100 SURFACE LD
- s 30 4% 60 75 90 3/4 RADIUS FROM GENTER| | OIL
3 @ o 20 30 40 50 60 75 CENTER PUENCH
S 4 65 : - :
7 : -
60—~
9 29 23 o —t =
1 26 20 <
13 24 - g 55 T — —
15 23 - 2] - 1
@ SR
20 21 - u Pttt -
2% Z- —— 2 TS =
30 < -
35 3 X
40 5 3% ‘\ =
45 e A
50 2 oA
HEAT TREATING TEMPERATURES 28 . - =~ el it 3
*NORMALIZE 900 =C - —
AUSTENITIZE 870 ec 20L

3 5 7 9 W 1315

20

25 30

35 40

DISTANCE F.RQM QUENCHED END ~ MILLIMETERS

FIGURE 5 - LIMITS FOR HARDENABILITY BAND 4027 RH

45 50
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND s sigre

- %C % Mn % Si %Ni %Cr %Mo
J" DISTANCE HRC 2 2
SIXTEENTHS -
R ek MAX. 0.18/0.23 { 0.70/0.90| 0.15/0.35 0.40/0.60| 0.08/0.15
Y
2
3
4
5 29 22 APPROX. Di&. OF ROUNDS WITH SAME AS<-QUENGHED HRC, in. | LOCATION IN ROUND QUENCH
6 27 20 2 4 SURFACE "
LD
7 25 -- ) 2 3 s 1/4 RADIUS FROM CENTER WATER
8 24 -- 0.5 t 15 2z 25 3 35 s cENTER | QUENCH
T T M T T T 1 1
° 52 . \ 2 3 4 SURFACE LD
- 0.5 1 1.5 2 2.5 3 3.5 4 3/4 RADIUS FROM CENTER| oL
10 22
1 21 -- 05 i 5 2z 2.5 3 33 Centgr | QUENCH
12 20 -- 65
13 -- -- - —
14 w €0
15 b
16 ? 5
o
18 & 50 ——
20 H ——
22 e 451X
24 ; X -
N1 Y
40 X
26 2 X
28 > X ‘\
30 é k3] “‘ hu
° Y - A
32 * 30 h
HEAT TREATING TEMPERATURES X ~
*NORMALIZE 1700 °F 2 o
AUSTENITIZE 1700 °F 20 ]
. 2 4 ] 8 10 12 14 e 18 20 22 24 26 28| 30 32
#For forgeld or rolied specimens only
DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARD Ess LIM'TS FOR A:oPliix DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION N :z:::cz RUENCH
SPECIFI ATION PURPOSES 20 30 60 90 3/4 RADIUS FROM CENTER WuA'#gR
MRC 20 30 40 50 60 80 100 CENTER PUENCH
“J" DISTANCE D S U (D A G SRS § T T
MILLIMETERS | MAX. MIN. 20 40 60 80 100 sueeace [ [
15 30 45 60 75 90 3/4 RADIUS FROM CENTER oiL
‘55 @ 0 20 30 40 50 60 75 CENTER PUENCH
LY. B T T T
1 1 ——— ]
5 &7) @ i e R o il S St et 7
7 31 = -4 - 3
W SO S —— - T~ —
9 28 21 P ——+—
1 25 20 g s5
13 24 - t
15 23 -- E 50 A__f -
[ = S
20 20 - FPRE.X
25 <. -- g RN
30 T 40 .
A Y
35 E C
40 L ‘\
45 8 X
50 x 30
HEAT TREATING TEMPERATURES 28
*NORMALIZE 925 °C ——
AUSTENITIZE 925 =c 207735 7 9 315 25 30 35 20 5 50

# For forged or rolled specimens only

20

DISTANGE FROM QUENCHED END - MILLIMETERS

FIGURE 6 - LIMITS FOR HARDENABILITY BAND 4118 RH
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HARDNESS LIMITS FOR HARDENABILITY BAND s& 4120 r
SPECIFICATION PURPOSES
o, °, o, H o, ‘ o o
" OISTANGE WRC % C % Mn % Si % Ni %Cr %Mo
Y TS MIN, 0.18/0.23 |0.90/1.20 [0.15/0.35 |  -- 0.40/0.60 | 0.13/0.20
1 @7
2 39
3 41
s w | @
5 26 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
6 24 2 4 SURFACE MILD
7 29 22 1 2 3 4 3/4 RADIUS FROM CENTER _WATER
8 28 21 05 1 15 2 25 3 35 o cEnTen | JUENCH
T I T T I I T 1 T
9 26 20 ] 2 3 4 suRFace | . o
10 25 - 0.5 1 1.9 2 2.5 3 3.5 4 3/4 RADIUS FROM CENTER %‘LCH
1 24 - 0.3 1 1.5 2 2.5 3 3.8 CENTER QUEN
12 23 - es - -
13 23 - o
14 22 -- w SO
15 22 -- < - —
16 21 . S 58
(&]
18 20 .- 2 50
20 .- .- Y =E —
22 2 as
24 b \\A,,H i S
4
26 2 R B IR N Vi S s e =
28 E] as ‘\\ \\‘ ]
30 x P - F—
g = e
32 g s0f _ \\
HEAT TREATING TEMPERATURES - i ——
*NORMALIZE 1700 °F 28 - - —
AUSTENITIZE 1700 °F 20 T
*For forqeld or rolled specimens only 2 4 8 8.7 10 12 14 16 18 20 22 24 26 28| 30 32
DISTANGCE FROM QUENGHED END - SIXTEENTHS OF AN INCH
HARDMNESS LIMITS FOR APPROX, DIA| OF ROUNDS WiTH SAME AS-QUENCHED HAC, mm | LOCATION IN ROUND buENCH
SPECIFICATION PURPOSES LN SURFACE MILD
20 30 60 90 3/4 RADIUS FROM CENTER )wu‘ETNEC.:i
HRC CENTER
--Ju DISTANCE 2‘0 . 30]' O? 150 IGOI 810 100
MILLIMETERS MAX. 20 40 60 80 100 SURFAGE Lo
Q 15 30 45 60 75 90 3/4 RADIUS FROM CENTER o
‘3'5 ) o 20 3040 50 _ 60 75 CENTER UENCH
5 4 — — -
i
9 32 25 w
N 29 22 a
13 28 21 g
15 26 20 ot
w
20 23 -- ¥
25 21 -- &
30 - -- 3
35
o
40 2
45 §
50 -4
- -
HEAT TREATING TEMPERATURES P N ——
*NORMALIZE 3%2 °C —
oc R i
AUSTENITIZE 20 35 7 9 111318 20 25 30 35 40 435 50

#For forged or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 7 - LIMITS FOR HARDENABILITY BAND 4120 RH
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HARDNESS LIMITS FOR

HARDENABILITY BAND  sa& 5130 au

* For forged or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 8 - LIMITS FOR HARDENABILITY BAND 4130 RH

SPECIFICATION PURPOSES
"J" DISTANCE HRC % C % Mn % Si % Ni %Cr % Mo
IXT T
ZFXAEIEI':JCFLS MAX. MIN. 0.28/0.3310.40/0.60 } 0.15/0.35 -- 0.80/1.10 ] 0.15/0.25
1 69
2 54 4
3 52 44
4 49 40
APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in LOCATION IN ROUND QUENCH
5 46 2 4 SURFACE MILD
6 44 34 ) 2 3 4 3/4 RADIUS FROM CENTER WATER
7 41 32 0.5 1 1.5 2 2.5 3 3.5 4 CENTER QUENCH
8 30 T T T T T T T
1 2 3 < SURFACE MILD
9 37 28 0.5 1 152 2.5 3 35 4 3/4 RADIUS FROM CENTER oiL
10 35 27 0.5 1 B 2 25 3 3.5 CENTER | QUENCH
1 33 26 65 T T =
12 32 26 - S i : - I
13 32 26 w 601 ! —
14 31 25 bty F : ; H
15 31 25 LIRS S S —
) - [ SR ' . - : - .
16 31 25 350_&\ . 1 AP, -
18 30 24 ¥ o N 4 - - oo -l e
20 30 23 & 4507 : - —— =
22 30 23 < o : R R S
24 29 22 o aof+= : ]
2 b ) R ]
26 29 22 Y : : R I =
28 28 21 5 P N ¢ N H : R b
30 28 21 8 ! P = M [N IEDESAN S
32 27 20 : : -
! N . —t ]
HEAT TREJATING TEMPERATURES —— —
*NORMALIJE 1650 °F 1 R ~ il
AUSTENITIZE 1600 °F 6 ByNO' 12 4 16 18 20 22 24 26 28| 30 32
#For forgeg or rolled specimens only DISTANCENFROM QUENCHED END - SIXTEENTHS OF AN INCH
HARD Ess L IMITS FOR APPROX. DA, OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND UENCH
50 75 SURFACE
SPECIFIEATION pURPOSEs 20 36 60 90 3/4 RADIUS FROM CENTER Wnll#Eoﬂ
HRC 20 30 40 50 60 80 100 CENTER UENCH
"J" DISTANCE S —— T T T
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE LD
15 30 a5 60 75 90 3/4 RADIUS FROM CENTER o
1.5 0 20 30 40 S0 60 75 CENTER UENCH
3 54 48 CTT T T - — T ]
5 51 43 53— i p= 3
7 48 38 - fo 4z
9 45 6? o
1" 3 §
13 30
15 36 27 e
o
20 32 26 z
25 3l 25 €
30 30 24 T o
35 30 23 -
[7)
40 29 22 5 -
45 28 21 ] . .
50 27 20 3 -
cn——
HEAT TREATING TEMPERATURES
*NORMALIZE 900°C _ SR 1 —— ].
AUSTENITIZE 870°C 20 3 5 7 9 1 1315 20 25 30 35 40 a5 50
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*For forged or roiied specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 9 - LIMITS FOR HARDENABILITY BAND 4140 RH

HARDNESS LIMITS FOR HARDENABILITY BAND  sAE 4140 RH
SPECIFICATION PURPOSES - -
“J" DISTANCE HRC kil %Mn %8 %Ni %er %Mo
SI;(';EE'?:‘TC!‘:{S MAX. MIN. 0.38/0.43} 0.75/1.004 0.15/0,3% -- 0.80/1.10 ‘0.15/0.25
.9 |
2
3 59 54
a 59 53
58 52 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. { LOCATION IN ROUND QUENCH
° 57 51 2 4 SURFACE LD
3 56 50 1 2 3 a4 3/4 RADIUS FROM CENTER WATER
Py 55 49 05 1 15 2 25 3 35 s CENTER | QUENCH
19 I 1 i o T 1 3 1
54 48 1 2 4 SURFACE MILD
9 53 46 0.5 1 T.5 ¢ 2.5 E) LR 378 RADTUS FROM CENTER] [N
:? £2 44 0.5 1 1.5 2 2.5 3 3.5 CENTHR QUENCH
12 52 65
13 51 42 &0
14 50 a1 SR e TR —
15 50 40 O gg
(2]
16 49 39 g -
———
r % 3 %0 = ——
20 @) 37 z ,
22 x5 37 2 a5 ~
24 45 3 I ~
o 40 I
26 44 35 @ 8 = ~  —
28 43 35 3 a5 .
30 42 34 S ——
32 a1 33 g 30
HEAT TREATING TEMPERATURES 25
*NORMALIZE 1600 °F JIL
AUSTENIFIZE 1550 °F 20 2 4 6 BN10 12 14 18 xIa zTo 22 24 26 28| 30 32
*For_torgdd or rolled specimens only DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARD “ESS L'M'Ts FOR APPROX (D1A. OF ROUNDS WITH SAME AS-QUENCHED MRC, mm LOCATION IN ROUND QUENCH
se7rs SURFACE
SPECIF|CATION PURPOSES 20:30 &0 20 3/4 RADIUS FROM CENTER &%‘é’a
HRC 20 30 40 50 €0 80 100 CENTER QUENCH
nJu DISTANGE 1 I 1 L 1 i I 1
MILLIMETERS MAX. MIN. 20 40 €9 80 100 SURFACE LD
15 10 45 80 75 90 3/4 RADIUS FROM CENTER on,
1.5 1o 20 30 40 S0 60 75 CENTER | [QUENCH
5 T T . S———
: 59 5: & S — 4
7 59 59 L0 et
9 58 52 F o
" 56 50 Q83 , —
13 55 49 o S~ ]
18 54 47 a 50 ~—— —— ——
z —E ~ : S i Sl
30 38 f 40 i
35 . 37 - - =]
oy . ——
a0 4 36 5 3
45 43 35 10 T
so 41 33 —
MEAT TREATING TEMPERATURES 25 3
*NORMAL IZE 870 *C
AUSTENITIZE 845 oc 20 3 5 7 9 11 1318 20 25 30 35 40 45 50
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND st 55 RH

)" DISTANGE HRC % C % Mn % Si % Ni %Cr %Mo
TH
gIFxI\EJE::JCHs MAX. MIN. 0.43/0,48 |0.75/1,00 | 0.15/0.35 -- 0.80/1,10| 0.15/0.25
‘ )
2 6
3 61 56
4 61 56
5 APPROX. DIA. OF ROUNDS WITH SAME AS~QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
s 60 55 s
7 59 9 2 3 a 3/4 RADIUS FROM CENTER mrscn
- QUENCH
s .5 . CENTER
8 59 53 D% 1 . 1 a 2 . 2 : 51 315 r 41 CENTER
9 o o 1 2 3 4 SURFACE uiLo
V.9 T 3 < < =2 Ed
:? 22 gf 0.5 } 1 s 2 2.5 3 38 CENTER | CUENCH
12 57 50 65 -
13 57 a9 w 60—t =
18 56 28 3 —— :
15 56 47 Q s — —
16 55 46 o e
- ]
18 54 (a9) 8 %0 =
20 53 , S
22 42 u:( 45 —
24 @ 40 x
j 40— T
26 51 40 w
28 50 39 AL ~ —]
30 50 38 8
32 49 37 & 30
HEAT TREATING TEMPERATURES 25 —
#NORMALIZE 1600 °F - —
1550 ° L
AUSTENIIZE F 20 2 4 6 8\ 10 12 14 16 18 20 22 24 26 28 30 32
*For_forgep or rolled specimens only DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
HARDNESS LIMITS FOR APPROX D1A. OF ROUNDS WITH SAME A5-QUENCHED HRC, mm | LOCATION IN ROUND QUENCH
SPECIFICATION PURPOSES Q¢35 SURFACE MILD
70 30 60 90 3/8 RADIUS FROM CENTER|| wATER
.y DISTAdCE HRC 20 30 40 50 60 80 100 centem || QUENC!
T i 1 T 1 1 I e 7
MILLIMETERS MAX. MIN. 20 140 60 80 100 SURFACE LD
@ 15 30 45 50 75 90 3/4 RADIUS FROM CENTER oL
135 z 1020 30 40 50 60 73 CENTER | |QUENCH
5 61 56 65—  — S— —— | S 3
7 61 56 et Sl N
80 ~+ - — - -
9 60 59 w
1N 59 54 < ssi
13 59 53 o .- —
15
15 58 52 > 50F= ~
» 1 z -
20 57 49 2 r s ity s Shien s
25 55 > g B s
30 54 3 o
35 52 ] L = —
- —
w I S - — T 1 L
40 @ 40 5 — —r
45 39 3] el a—
50 49 37 g — I e SIS
HEAT TREATING TEMPERATURES 25 —F B
*NORMALIZE 870 °C -1
AUSTENITY °
USTE ZE 845 °C 20 35 7 9 1N 1315 20 25 3o 35 40 45 50

#For forged or rolied specimens only

DISTANCE FROWM QUENGHED END - MILLIMETERS

FIGURE 10 - LIMITS FOR HARDENABILITY BAND 4145 RH
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#* For forged or rolied specimens oniy

HARDNESS LIMITS FOR HARDENABILITY BAND s uis1 e
SPECIFICATION PURPOSES - -
T DISTANGE R % G % Mn % Si % Ni %GCr % Mo
: S?TEE#‘EP:‘S MAX. MIN. 0.56/0.64 [0.75/1.00 {0.15/0.35 - 0.70/0.90 ) 8.25/0.35
B &
2 b
3 65 60
4 65 60
5 65 60 APPROX. DIA. OF ROUNDS WiTH SAME AS~QUENCHED WRC, in. LOCATION IN ROUND QUENCH
s 65 60 2z 4 SURFACE | . o
7 65 60 1 2 3 a 3/4 RADIUS FROM CENTER WATER
8 65 60 05 1185 2 28 3 38 a CemTER | JUENCH
1 k4 i T H 1 4 4
9 cc €0 ¥ 2 3 SURFACE wNILD
T T L -2 z5 3 TS % 374 RADIUS FROM CENTER on
:? gg gg 0.5 1 1.8 2 2.5 3 3.8 CENTER QUENCH
. i 3
12 64 59 65  —
13 64 59 w 60 t
14 64 59 7 b — —
15 63 58 S 5s — ]
16 63 57 e
O ——
18 62 : a - ~
20 62 Z
22 5 g 4
24 51 T
@ j 40 -
26 59 49 w
28 58 47 Z 3 =
30 57 46 8
32 57 45 « 130
HEAT TREATING TEMPERATURES 25 -
*NORMALIEE 1600 °F
AUSTENI[TIZE . 20 L
1.550 F 2 4 & 8\ 10 12 4 16 18 20 22 24 26 28| 30 32
*For forgqd or rolied specimens oniy DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARD NESS L|M|‘|"5 FOR APPROX(DIa. OF ROUNDS WiTH SAME AS-OQUENCHED MRC, mm | LOCATION IN ROUND DUENCH
SPECIF|CATION PURPOSES 272 SURFACE Lo
20030 60 9Q 3/4 RADIUS FROM CENTER|{ |WATER
"y DISTANCE HRC 20 30 40 50 60 80 100 CENTER PUENCH
1 1 1 1 I X e 1 T
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE MILD
.5 @ @ 15 30 45 60 75 90 3/4 RADWUS FROM CENTER oIL
3 : &0 020 30 40 50 60 7s CENTER puENCH
5 65 60 65
7 65 60
60
9 65 60 w
11 65 60 < ss
13 65 60 @
Q
15 65 60 « 50
20 64 59 ¥
25 63 @ 298
30 ; 3
35 540 - o = - oo
40 59 50 5 35 ——+ — T e e 4
45 58 47 g = 3
50 57 45 & 30— —
HEAT TREATING TEMPERATURES 28 3
#NORMALIZE 870 *C S S SR S .
AUSTENITIZE 845 °C 207 o s s 20 25 30 35 20 a5 50

DISTANGE FROM QUENCHED END - MILLIMETERS

FIGURE 11 - LIMITS FOR HARDENABILITY BAND 4161 RH
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HARDNESS LIMITS FOR HARDENABILITY BAND  sAE 4320 RH
SPECIFICATION PURPOSES
" DISTANCE HRC %C % Mn % Si % Ni %GCr % Mo
IXTEENTHS
e [ max. MIN. 0.17/0.22 | 0.45/0.65 ( 0.15/0.35 | 1.65/2.00 | 0.40/0.60 | 0.20/0.30
1
2 46 40
3 44 37
4 41 34
APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. —[LOCATION IN ROUND QUENCH
5 39 @ 2 a4 ! SURFACE LD
3 @ g? 1 2 3 4 3/4 RADIUS FROM CENTER WATER
8 2 25 0s 1 15 2 25 3 35 P cenTeR | CUENCH
T 1 I T I T 1 T 1
9 31 24 P S—r S —u— v TrTT T g
:? gg gg 0.5 ) 15 2 25 3 3.5 cenTeR | CUENCM
T S T SR e Sympa quwm—n pog—
12 26 21 65 — = B e e e e e e
13 25 20 w 60 — —
14 24 -- 3 F1o R s S St S [ e et S
15 24 - 3 ssf=— = :
16 23 -- o S i b Sl Qv Qs Shassn o i
@ 50 — ~ -
18 22 -- P e o RIS Sl Setils St St s <) S = T
20 22 -- z
22 21 .- z ST e e iy S nlle ulnlon G il il ]
24 21 -- Ed N e P e S
E T N E ) it e e s P
26 21 -- w H=NG— H—-<4F -
28 21 -- % 35— N - - —— 1=
30 21 -- 8 N N e o -1 =
32 21 - x 30 N \\ }
T N s Sl feelihell et il e — S
HEAT TREATING TEMPERATURES 28 TN \‘F S
T 1
*NORMALIZE 1700 °F e e T
o e _— :
AUSTENITIZE 1700 °F 20 2 4 6 B8\ 12 14 16 18 20 22 24 26 28| 30 32
*For forged or rolled specimens only DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
HARD ESS LIM'TS FOR APPROX. DA, OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND UENCH
50 75 SURFACE
SPECIFICATION PURPOSES 2030~ 60 90 3/4 RADIUS FROM CENTER v;:EIILEZvL
HRC 20 30 40 50 60 80 100 CENTER PUEN
"J" DISTANCE T T T T 1 [ 1 T T
MILLIMETdRS MAX. MIN. 20 40 60 80 100 SURFACE LD
15 30 45 60 75 30 3/4 RADIUS FROM CENTER oL
1.5 @ 020 30 40 50 60 75 CENTER UENCH
3 46 40 T . T — [ - 4
5 44 37 1
k4 40 33 = 4
9 @ o I
n 2 § —- -
13 25 s = -
15 30 23 » ]
3 p
20 25 20 z
25 23 -- €
30 22 - T -
35 21 - -
w
40 21 -- Z
45 21 -- <3 -1
50 21 -- x
HEAT TREATING TEMPERATURES —
*NORMALIZE 925 *C ——
AUSTENITIZE 925 *C 20 35 7 9 11 1315 20 25 30 35 40 a5 50
# For forged or rolled specimens only DISTANCE FROM QUENGHED END - MILLIMETERS

FIGURE 12 - LIMITS FOR HARDENABILITY BAND 4320 RH
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND  sae 4620 R

#*For forqgdd or rolled specimens only

"J" DISTANCE HRC % C % Mn % Si % Ni %Cr % Mo
SIXTEENTHS
OF AN INCH MAX. MIN. 0.17/0.22|0.45/0.65 [0.15/0.35 | 1.65/2.00 .- 0.20/0.30
'
2 44 3
3 40 30
4 37
5 @ 24 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
6 2% 21 2 4 SURFACE wiLo
7 27 20 } 2 3 4 3/4 RADIUS FROM CENTER WATER
8 25 -- o5 1 1.5 2 25 3 35 a CENTER | QUENCH
I I ) 1 I 1 T M T
s 24 . 1 2 3 a su:nc: wico
3 — 3.4 RAQIIS. EROM CENTER I
II? 22 -- CEnTdm | QUENCH
12 21 -- S
13 20 - w — =
14 .- -- Y e el i = ]
15 8 p— e
16 @ e oS S
° libile 2
18 § [t
20 2z —1
22 e e
24 E: : : ——
- i ¥ T Y pu—
26 a T ; o el (N g
28 ES - i — :
30 S i PSR SN SO SR v
32 b N = —
HEAT TREATING TEMPERATURES S I t—:‘ﬁ: —
*NORMALIEE 1700 °F S —— 1 ———
AUSTENITIZE 1700 °F 20 ~—1 — : | 1
s 6 @.10 12 14 16 18 20 22 24 26 =28 30 32

DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH

*For torged or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 13 - LIMITS FOR HARDENABILITY BAND 4620 RH

HARDNESS L'MITS FOR APPROX. OTA. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND JQUENCH
50 75 SURFACE
SPEch CAT'ON PURPOSES 20N\30 60 90 374 RADIUS FROM CENTER W“l'“r-gﬂ
HRC 206 30 40 50 60 80 100 CEnTER | [CUENCH
“J" DISTANCE R — I T 1 T
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE Lo
15 30 45 60 75 90 3/4 RADIUS FROM CENTER on
1.5 @ ? 1020 30 40 50 60 75 CENTER | [PUENCH
3 vl T
5 39 @9
7 35 26
w
9 @ 22 ]
n 20 §
13 25 - o
15 23 .- »
v
w
20 21 -- z
25 - h 5
30 x
35 = 1
w T 1 — — — puys SRR
40 %35 — -
45 8 v - B G - il st QU
50 « 30__ \\i —— = s
D . s S [ i 3
HEAT TREATING TEMPERATURES 25 NG ~J
*NORMALIZE 925 °C — =
AUSTENITIZE 925 *C 207375 7 o n 1315 20 25 30 35 40 45 50
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND  sa 4820 RH

T oreTANGE TRe %C | %Mn | %Si | %Ni | %Cr | %Mo
SIXTEENTHS
OF AN INCH MAX. MIN. 0.18/0.23 10.50/0.70 | 0.15/0.35 {3.25/3.75 -- 0.20/0.30
'
2 47 42
3 46 41
4 45 40
5 43 36 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. LOCATION IN ROUND QUENCH
6 41 33 z 4 SURFACE LD
7 40 1 2 3 4 3/4 RADIUS FROM CENTER WATER
8 18 @ 05 1 15 2 25 3 35 4 cenTER | QUENCH
L 1 I T T I T 1 1
9 36 28 — — . rrrremrrrrmrrr e M T
10 27 —— QUENCH
1M 26 0.% 1 1.5 2 2.5 3 3.5 CENTER
1
12 33 25 6% f
13 12 24 . = =1
14 31 24 2 T e e e e e AN - B
15 30 23 o 1 i ]
16 29 23 o B i e e e e St S R  Ep e
18 28 22 @ so o= . - — e
20 27 22 z 4
22 26 21 g s SN ]
24 25 20 b ~ = e
4 401N SNS—F—F—F— — = 5
26 25 20 PR = O e N e e = - 3
28 25 -- z 35 ; N 1 ESER o S S
30 2 - s TN : =
32 23 -- 2 o= =
HEAT TREJATING TEMPERATURES 2sEF ! X?""
*NORMALIZE 1700°F e — 1 1 —
AUSTENITIZE 1550°F 20—~ 1z 14 16 8 20 22 24 26 2 32
. 8| 30
*For_forgefl or rolled specimens only DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
HARDNESS LIM'TS FOR APPROX. DIA, OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND NUENCH
5C 75 SURFACE
SPEC|F| ‘JAT ION PURPOSES 2020 60 90 3/4 RADIUS FROM CENTER WMAIT.'-EDN
HRC 20 30 40 50 60 80 100 CENTER PUENCH
"J" DISTANCE T 1T T T T -
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE wiLO
5 30 45 60 75 90 3/4 RADIUS FROM CENTER oL
1.5 @ @ 020 30 40 50 60 75 CENTER pUENCH
3 4 4 T T N
5 46 41 R S o e S el s s s e St s S S £
? 44 38 1
w
N 42 4 Y
3 0w PO | 3
13 36 ”
15 é 27 »
(7]
w
20 32 24 F
25 79 23 H
30 27 22 T
35 26 21 <
w
40 25 20 4
45 24 -- 8
50 23 -- x
HEAT TREATING TEMPERATURES
*NORMALIZE 925 °C
AUSTENITIZE 845 °C 035 7 s 1 1315 20 25 30 35 40 a5 50
DISTANCE FROM QUENCHED END ~ MILLIMETERS

# For forged or rolied specimens only

FIGURE 14 - LIMITS FOR HARDENABILITY BAND 4820 RH
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND s 50840 RH

#*For forgeld or rolled specimens only

DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH

" DISTANCE HRC % C % Mn % Si % Ni %Cr % Mo % B
e | max. MIN. 0.38/0.43 {0.75/1.00| 0.15/0.35| -~  |0.40/0.60| - .
54
; @ Q * can be expected to contain 0.0005/0.003 percent boron.
3 58 53
4 58 53
5 57 52 APPROX. DIA. OF ROUNDS WITH SAME AS- QUENCHED HRC, in. LOCATION IN ROUND QUENCH
6 56 50 L. SURFACE LD
7 55 1 2 3 L 374 RADIUS FROM CENTER WATER
QUENCH
05 1 15 2 25 3 3.5 CENTER
e 54 @ T 1 1 T M T T 1 ‘Y
9 Y '{8 \ 2 3 4 SURFACE MILD
50 35 C.5 T TS (4 2.9 E] 53 374 RAUTUS FROW CENTER OIO'ZC
:? a9 3 0.5 1 52 25 3 3.5 centep | QUENCH
12 47 32 65 ——+— -
13 @ 31 w 60f =
14 43 30 2 B3
15 41 29 9 551
16 38 28 o -
"
18 36 26 o 30FT
20 34 24 z
22 33 23 g 45
24 32 22 T 3
o 40
26 31 21 e
28 30 20 2 asp
30 29 -- s b
32 28 -- T 30 j —
HEAT TREATING TEMPERATURES esir - :
#NORMALIZE 1600°F — e e
AUSTENITIZE 1550 °F 20 L - L —~ L
2 4 6 8.N\To 12 14 16 18 20 22 24 26 28|30 32

% For forged or rolled specimens only

DISTANCE FROM QUENGCHED END - MILLIMETERS

FIGURE 15 - LIMITS FOR HARDENABILITY BAND 50B40 RH

HARD qus L'MITS FOR APPROX. DA, OF ROUNDS WITH SAME AS-QUENCHED HRC, mm LOCATION IN ROUND QUENCH
50 75 SURFACE
SPECIFICATION PURPOSES ~ 37+ waos Frow cewen] NATER
HRC 20 30 a0 50 60 80 100 CENTER
"J" DISTANCE T T I T T I T T T
MILLIMETHRS MAX. MIN. 20 40 60 B8O 100 SURFACE LD
15 30 45 60 75 90 3/4 RADIUS FROM CENTER o
1.5 €9 ) 0 20 3040 50 60 75 CENTER | JUENCH
3 59 54 —
5 58 53
7 58 53
9 56 51 3
1! 55 éé 9
13 54
15 51 3 -
(7]
w
20 @ 3 Z
25 28 x
30 35 25 T
35 33 23 o
w
40 31 21 z
as 29 20 g
50 28 -- x = -
HEAT TREATING TEMPERATURES 25 ; =
*NORMALIZE g70°C ——— 1 !
AUSTENITIZE 845°C 20="73"%5 7 5 11315 20 25 30 3% ) a5 50
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HARDNESS LIMITS FOR HARDENABILITY BAND  SAE 5130 RH
SPECIFICATION PURPOSES
"] DISTANCE HRC % C % Mn % Si % Ni %Cr %Mo
3'3‘25‘&2’:? MAX. MIN. 0.28/0.33 | 0.76/0.90] 0.15/0.35 -- 0.80/1.10| --
TR
2 4
3 51 44
4 49 41
46 APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
- 44 2 4 SURFACE WILD
‘75 . ) 2 3 e 3/4 RADIUS FROM CENTER WATER
QUENCH
] 2 2. 35 TER
8 3] ° 51 y T . 5Y T ? !T ) 1 ‘[ CEN
9 37 29 . 2 2 P re—— Py T i
:? g‘z gé 0.5 ] K 2 2.5 3 3.5 cenTER | QUENCH
12 33 25 651 —+
13 32 24 w 60
14 31 23 2 —
15 30 22 a 55
16 | 29 21 o -
9 50 >
18 28 20 w AN N
20 | . 21 -- E .5 NN =
22 26 -- 3 ~
24 25 -- z = —
J 40 A
26 24 - g 5 S
28 23 == « 35 N S
30 22 -- 3 S <
32 21 -- x 30 NG
T S,
HEAT TREATING TEMPERATURES 25 : 4+ e —
#NORMALIZE 1650 °F + ; 1 ;
AUSTENITIZE 1600 °F 204 & 8. -0 12 14 16 18 20 22 24 26 28 30 32
#For forged or rolled specimens oniy DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARD Ess LIMITS FOR APPRQX/ DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, mm | LOCATION IN ROUND QUENCH
SPECIFICATION PURPOSES Ry SURFACE MILD
20 30 60 90 3/4 RADIUS FROM CENTER WATER
"y onsuﬂce HRC 20 30 40 50 60 80 100 CENTER QUENCH
T 1 1 1 ) 1 T 1 T 1
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE LD
@ @ 5 30 45 60 78 30 3/4 RADIUS FROM CENTER| | oIL
‘3’5 23 3 020 30 40 50 60 75 CENTER | [CUENCH
2 5 H f=ss= =
7 48 39 g lalog SRR
6o o E— — - —
s 5 () Wk :
n ' 33 Rl e — ——
13 (39 31 ==
15 ; 28 o 50
@ ~ - [ —
20 32 24 Y OFENIOINIESE e s T = e
25 29 21 e TN N : =
30 28 20 I NS
35 26 -- 40 ——
w - N N e
40 24 -- 3 35 N N -
as 23 -- S < —
50 21 -- € 30 < = —
~ ]
HEAT TREATING TEMPERATURES 25 ~—
*NORMALIZE 398 °c — ——
. 1 1
AUSTENITIZE . ¢ 20 3 5 7 9 1N 1315 20 25 30 35 40 45 50
% For forged or rolled specimens only DISTANGE FROM QUENGHED END - MILLIMETERS

FIGURE 16 - LIMITS FOR HARDENABILITY BAND 5130 RH
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HARDNESS LIMITS FOR HARDENABILITY BAND  sat 5140 RH
SPECIFICATION PURPOSES -
% C % Mn % Si % Ni %Cr % Mo
"J" DISTANCE HRC
gl;(LE“Er‘NTc*:‘S VAKX, MIN. 0.38/0.43 |0.70/0.90 | 0.15/0.35 -- 0.70/0.90|  --
2 8
3 57 51
4 55 49
APPROX. DIA. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. LOCATION IN ROUND QUENCH
S g‘i‘ @ 2 4 SURFACE | . o
_6’ 48 , 1 2 3 4 3/4 RADIUS FROM CENTER OWATER
7 8 J - — ~ gy UENCH
) 46 36 0 5] \ . 1 5r 2 . 2 ? SI 315 r 0] CENTE
o N a 1 2 3 4 SURFACE MILD
S_‘{ vy Lo T ™ z Ty Ed FROM oiL
:? % gg 0.8 . s 2 25 3 3s GENTER | CUENCH
12 40 31 65
13 39 30 w 60
14 37 29 3 =
15 36 28 9 55 -
16 35 27 o o
50 -
18 34 26 o F ———
20 33 25 2 s = =
22 32 24 S X, L
4 b o e . N 1 0T —
2 3 23 -4 40 * ~ _ >
- H S o
26 30 22 ¥ - :
28 30 21 x 3% S !
30 29 20 8
32 29 - & 30 n
HEAT TREATING TEMPERATURES 25 :
*NORMALILE 1600 °F t = —
AUSTENITIZE 1550 °F 20 b L
2 4 6 8. 10 12 14 16 18 20 22 24 26 28 30 32
*For forgeld or roiled specimens only DISTANGE FROM QUENCHED END - SIXTEENTHS OF AN INCH
HARDNESS L|M|TS FOR APPROX. DIA. OF ROUNDS W!TH SAME AS-QUENCHED HRC, mm | LOCATION IN ROUND QUENCH
SPECIFICATION PURPOSES L SURFACE MILD
20,30 60 90 3/4 RADIUS FROM CENTER WATER
"y DISTANGE HRC 20 30 40 50 60 80 100 CENTER QUENCH
) [ 1| 1 4 1 L 1 1 1
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE LD
15 30 45 60 75 30 3/4 RADIUS FROM CENTER o1
‘:'55 0 20 30 40 50 60 75 CENTER QUENCH
s 57 51 - - -
7 55 417
15 49 |
1 48 g
13 36 @
1®)
15 (39) 34 ©
W
20 39 30 %
25 35 27 2
30 33 25 4
35 32 24 J
)
w
40 31 22 i
45 30 21 Q
S0 29 20 x

HEAT TREATING TEMPERATURES
*NORMALIZE

AUSTENITIZE

870
845

°C
*C

# For forged or rolled specimens only

20

T 9 1t 1318

20

25

30
DISTANGE FROM QUENCHED END - MILLIMETERS

35

FIGURE 17 - LIMITS FOR HARDENABILITY BAND 5140 RH
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES

HARDENABILITY BAND  sAt 5160 RH

“J" DISTANGE HRG %G %o Mn % Si % Ni %Cr %Mo
SI:KELEIP:J?:'IS MAX. MIN. 0.56/0.64 |0.75/1.00 | 0.15/0.35 -- 0.70/0.90| --
e e
2
3 65 60
4 65 59
64 58 APPROX_ DI4. OF ROUNDS WITH SAME AS-QUENCHED HRC, in. | LOCATION IN ROUND QUENCH
2 63 57 F4 q SURFACE MILD
? 62 1 2 3 4 3/4 RADIUS FROM CENTER WATER
QUENCH
5 2 2.5 3 3.5 4a CENTER
8 60 @ = T . 1 . 51 1 H T L 1 1 N
R e 1 2 3 a SURFACE Lo
9 56 42 [*2:] T T35 Z Z.3 E) T Eldd FROWCENTER ol
:? 55 40 0.5 1 1.5 2 2.5 3 3.9 Cenvgn | CUENCH
e T H " -]
12 53 39 65 t -
13 @ 38 w 60 =
14 : 37 2 — \ —IND- —
15 48 36 O gx
16 47 36 ° — =
o - e
18 a4 35 e 30 R =
20 43 34 z o —
22 a2 33 € 48 ~ ~ -
24 L) 32 T
j 40 —
26 40 31 :
28 39 30 D e -
30 39 29 8 T
32 38 29 x 30 —
HEAT TREATING TEMPERATURES 25
#NORMALIZE 1600 *F 1
AUSTENIT|ZE 1550 °F 202 i
X 2 4 6 8 10 12 14 16 18 20 22 24 26 28| 30 32
*For_forgeq or rolled specimens only DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
HARDNESS LIMITS FOR APPROX. D/A OF ROUNDS WITH SAME AS-QUENCHED HRC, mm | LOCATION IN ROUND QuENCH
SPECIFICATION PURPOSES 50,75 SURFACE o
20 30 €0 20 3/4 RADIUS FROM CENTER WATER
an D'STAN&E HRC 20 30 40 50 60 80 100 CENTER QUENCH
I T 1 1 1 1 e
MILLIMETERS MAX. MIN. 20 40 60 80 100 SURFACE WILD
1.8 (g? %9 '8 30 as 60 75 20 3/4 RADIUS FROM CENTER | | oL
3 0 20 30 40 ___ 50 60 75 CENTER PUENCH
s 65 60 : -
7 65 59
o 63 57 u
i 62 2 <
13 60 @
15 57 ] o
"
w
20 %_2; 38 ¥
25 36 e
30 43 34 ;
35 41 32 \
o
40 40 31 z
45 39 30 3
50 38 29 ]
HEAT TREATING TEMPERATURES 25 I —
#NORMALIZE 870 °C !
AUSTENITIZE 845 °C 20
3 5 7 9 11 13 15 20 25 30 38 40 a5 [1)

% For forged

or rolled specimens only

DISTANCE FROM QUENCHED END - MILLIMETERS

FIGURE 18 - LIMITS FOR HARDENABILITY BAND 5160 RH
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