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The d es i cred loa.d carry j ng capac lty of a g e a r , and e specially 
th stresse w j.n the t eeth, d e t 8rminc the ne ce s sar y strenGt.h 
req u irern'3n - 8 imposed on the materia l :::.;e l c cted , and the heat 
trea t me nt t o which it is t o b e 3ub j e c ted . 

A e;reat v 8.riety of material ::; c an be u sed f or t he pr'od uction of 
gear :3, but f or' t echnical and e c onomlc r easons stee l s h a ve att a lncri 
a ma j or impol' ,ance . The "ride select ion ava ila }Jlc-: , t oe;cthc:e 
with t he ea~ e with which their proper t i es c an be f i ne ly and 
extensively influenc ed , r e nd e r s t he c apable of offer ing a ho o t 
of prac tical p ossib ll i tie3 . 

Lcd.:; us f i rs t call s ome simp le mo t allurgical fact s back to min d ; 

The t ransforrna 'cion whic h the str'uc ture of stee l u ndergoe s du
ring h eating an:l subsequent cool ing, partJcula rly the forma 
tion of maptensit~ on quenchi ng, arc e ,' , e n t ial f or the harde 
ninG a nd t emperin g o f stee l. I n que lOh hardeninr; , tl10 prope:r.'-· 
t i es o f the steel are of spe c ial signi fi c a nc e and should b c 
clearl y dlst inc;uished , The f'i rf:5 t, the mo.x i mum h a rdneS S of a 
stee l whi ch is the h ardne s s 0:(' nar t e n s'itc, de pe n d ::; almost 8J:. 

C lusi v e ly on its c arboTl conte nt , provided t ha t tlw cooling 
rate is abu vo t he cr i t ical (F i g . 1) ; t h e second , the hard e na
bJ:,}. i ty, de t ermines t ll depth of t h e harden ed zone or the d i a 
meter of a cr'O 3s- section VJh ich can b e hardene d through . 
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Fig. 1 Maximum 
hardnes::; (hardnes s 
of mr rtensite) as ~ 
function of c arpon 
content. 

'l'h:Ls second prop@r ty :Ls e ssential ly a function o f the t o taL 
alloy cont nt and also , to a certain ext ent, of th grain size. 
'rhe h ardenabil ity c an be t be e v aluat e d by t he end que nch ' t es t 
(levi sed by \';'. E . J ominy , Cylindric a l t es t pieces of' 1 inch 
(25 nun ) diame t er an 1+ incheo (100 mm ) lon g are h eated to harde-

-) 
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b ottom end ,'ith o.. m ',cr jat . \' 111 8 t he lowcr e n(l i3 ;-;ubje c t :J d 
to a very l1ie;h c ool ing rate , the opposite f ace of the tept piece 
C001 :3 sloHly . The rate of' co01i1 g diminishes a long t h teu t 
p :. e ce; r apid l y in t l1e i mmc'd iat e vic ini ty of t he quenc c end, 
the n mope and more graduall' wit h increas j.n~ d istance . /1r; . 2 
a llows an appro;dmatlon o f the harJncs' in p i e c 03 of cUf' .l.' erent 
si z es, a s obtained with diff_ r ent q uenching media. 
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Fig. 2 Dia gram to derive the hardne ss variation over the C1'O S5 -
sections o f row~ bars from the h a rdness curve obtained on a Jom i k 
ny tes 1; b ar having the same hardness . 

Quenching severiti es : H 1 (,.rater ), H :::: O.Y) (oil), 
H = 0.25 ( marte mper bath ) 

Hardness measurement s along end quench te s t specimens Give a 
good idea of the ~ff~cts o f different alloy contents. Fig. 3 
for ins tance shows t hat t he maximum hardne s ( harden1ng c a pac:Lty) 
depends unly on the c a r bon con t e nt. The grad i e n t of the hard n ss 
curve \I[ith i ncr2as ing di"'tance from the que nched end is 11 func.: ,-
t ion o f t h e hardenabili t , \,[hich d epend s on the alloy c ontent. 
The hi h e r the lillrdenabillty, i. c. t he flatt e r the hardness 
c urve, t he Imler is th·, t~ o l i n g rate necessary to obta in a h igh 
h ardness compared 'lith e maxi mun hardness u f t he steel. It 
follows t h en that t he quenching medi wn has to b e alju~ted to t he 
composition of the s tee l or· lts llardenabil j_ty a nd to the C1'O ,..) 8 -



Sl!C"Clon 01 -r;nc -part . Ln.rgc O l'O~Js-::> _ctions coo more s l. OHl y t h~u1 

Sl:la ll oncE.; , and the c oo.lirw I'ate :L :..~ 1 i011er a t t he surface t han 
i nside . ~iith the commo qu.enching medi.- of \!lat r, oil , rn- x'quen 
ching bat h ( consisU_llg of hot oil or molten al t ) and a ir , 
a rranged :L n decreas j nr; orde r o f sever i ty , very ureat d iffere nces 
in hardr ~s rre ob t ained. 
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Eig . ;> I nfluence 
o f chemical C Ol l1pO 

s1t:Lon un t he 
h ardna.-::> s c UY"I " 

of end q u n Clled 
t es t ,.> 1 e o i !I_ns • 
AnaJ.ysi.. .. :Jl: 0.5 I-ln 
o .3 S1; B : 0,:5 J\ 
0.3 S1 , 1.0 Cr, 
:L • 0 N i i J~: o. 5 t, 
0.) Si , 1.0 Cr, 
1 . 0 N i , O. j r,10 

Par s r:1ad e of unallo ed steel A (Pig . 3) mu s t b quenched i n 
water to obt - in any sig; .if ic: ant hardness i n c I' "as - even j_n a thin 
surfa c e z one, vJhereas oil quenching may be adequate for other 
stee ls under certain circum~tances . 

t'J11ere gears are concerned, t he stresse s d e t erminin the sele e--. 
'cion a nd t reatment of t he material a re limited to the cuo-. 
fl a nks (\'Jear ) and tl e f illet ( bending ). It has , tl1ere fore, l~e
come general practice to u~e not only stee ls with lm iform pro
pc r ties over t he 1,"/h0 1 e cros", - e ction ( suc h as unallo;red an 
aLloyed direct- hardening ste I s ), but also st e ls for V;llJ_ch a 
tl'cat ent to incre a se t he re s i stance to these stres3~s cun be 
limited to the critical point s . 

Such stee ls a re broadly cl3.~3sified as steels for suri'acG-harde
nj.n ~ The individua l procef~ses are : case-hardening , nltrlding , 
oarbo-nttr id ing, i nduc tion and flam2 hardening. All these pro
cesses, wi th the exc. p tion of nitrid ln~, a re based on hardening 
th:cough t he formatl.o n of martens ite. 
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. S'IEELS F O R ,:";O FT O R Q U E HCHED IlN U 
T E M PER E D G E h R S 

2. 1 St e I s U[ied in the 110rma ized Condi tion 

For cears ihich h ave t ~arry on ly ~mal l spe c ific loads , u nal 
l oyed or l~ru l ~lloy stee l s are often used in the normalized con
d i tion . Normalizi::-!" is tbe tel.'nl appl ied to the process of he,> 
t ing t.h stee l ( cl.ftcr hot. H OI' lng ) t o th t emperat ure ranGe o f 
D.ustenitc (o.G f or hn.rnenlng ), and al l wl ns 1t t o cool ir ni X' . 
Th i s caus "" the austenite to tran:;;l'orm into f errite and p ear
l ite at r elatively h i gh temperatures dur i ng coo l ing , wi th tIe 
r esul t t h at n hard cnin _, talre.5 plCLce . Tab l e 1 (la / lb ) shows 
h ardenabili ty tXn>ds ( nel quenl!h te ""t ) for dH'ferent :s tee l groups . 
For U3C in the normalized c ondition, on l y t he tV>1O groups A and B 
c.:tn be c onsider ed , the latter o n ly fo r heavy partsi the s e ste .l 
h ave t he OYle '"'t; hardenab:il i t y. The i r s trength i s t o D. -greo.. t 
extent ependent o n the carb on c onLent . For we lded gears , l ow 
c arbon s teels are civen prefcI'enoe . IYlf-l.AG does not apply such 
stee ls f or ro tating parts . 
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Table 1 a 

---.------------------- 1'-----------------------------------------------------
Standard steel designations I Chemica l composition (in ?~) 

I-brdness curves of end 
quenched specimens of 

'arious steel groups German)' 
DJN I 

France 

AFNOR 
En '!,nd 

BS 970 
: USA I C Mn Si P") 
IAT SI{SAE , ____ ---'--___ -;-___ -'--_S_'---_C_r_~_N_i _ __ ~_l_O_ 

A3 i St 70 C60 d (En 9) I I "",0.50 - I ci 
~~:~~/~rcrns) A3 C 60 C60 e (En 9K) 1063 [1 0.57-0.65 O. SO-O.RO 0.15-0.35 I C u::. ~1 ' ~ f! :::ifl ~ ;i: :k) I l~ I: ;;;~~ ;;~;; ;;;~ ;; i i 

a: "';' "" A I St 50 I C35 U (En 6) I I "",0.30 I - - I d 
I 00 20 40 60 AI C 35 I 0 5 <! (En oK) 1034 ,1 0.32-0.40 0.50-0.80 0.15-Q.35 c 

Al Ck 35 (x)C35 f I II 0.32-0.40 0.50-0.80 I 0.15-0.35 f 

- --- - . -~------------ i I 0.33--{),41 II 1.l-1.~ 1 1.~-1 .4 - r-
0.34-0.42 0.9-1 . .<. 0.1-0.9 f 

", !"II' • 16 _t_3~ , 0.32-0.40 I 1.2-1. 5 I 0. 15-0.35 f 

37MnSi5 
3RMnSi4 
36Mn5 

~ . . --l- 0.35-0.45 0.6--1.0 I 0.05-0,35 d.e 

~~2400 _ ·"L · "'1>' I 0.35-0.45 O.6--i .O I' 0',05-0.~ ~ e 

I En 8 
En 8K 

~2 0.30-0.45 m~x. 1.5 O.OS-O .. ') e 

I 00 20 40 50 1335 I 0.33-0.38 1.6-1.9 0.2-0.35 j d,e 

En 12 

I 

o i5 32 

I En 15 
--~--- - ----
34CrMo 4 
42CrMo 4 

35CD 4 

42CD4 
En 19A 
En 19 

I 
1345 0,43- 0.48 1.6-1.9 1 0.2-0.35 ; d,e 

1 

0.30-0.40 1.3-1.7 0.) .-0.35: d.c 

1---- 0.32-0.37 0.5-0.8 0.15-0.35 1 f.g.h 
I 

I 
I 

4135 
4137 
4140 

4i42 
4145 

I 0.38-0.45 0.5-0,g 0.15-0.35 1 f.g.h 
1 0.32-0.38 0.6--0.8 < 0.4 f.g.h 

0.39--0.45 0.6-0.8 <: 0.4 I f.g.h 
I 0.35-0.45 0.5-0.iI 0.1-0.35 f 

0.35--0.45 0,5-0.8 0.1-0.35 f 

0.33-0.38 0,7--0.9 0.2- 0.35 f 
0.35-0.40 0.7- 0.9 0.2-0.35 f 
0.38-0.43 0.75-1.0 

0.40-0.45 0.75-1.0 
0.43-0.48 0.75-1.0 

0.2-0.35 

0.2- 0.35 
0.2-0.35 

f 
f 
f 

J6CrNiM04\ I 0.32-0.40 0.5·- 0.S 
35NCD 4 0.32-0.38 i 0.5- 0.9 

0.15-0.35 f,g,h 

< 0.4 f,g,h 

- --.. - -'---_-!-._--'-------'---- j- -- *) 

3 = Hardness curve in upper range 8fW~i% I 
2 1-i:lrdnc~s curve in middle range (cross-hatched) Pm ll x 

Sma., 

d c 
0.050 0.040 

I -~, Hardn.:ss curve in 10 "cr r,mgc ~f~~~~~~~~~ 1 
(, " H ;Jro.Jf1 ~sS curve in whok sbadd rang~ Jl():~iblc S-I Pmnx 

n.oso 0.040 
0.(1<)0 0.070 

-------------~~-----------

0.9--1.2 
0.9-1.2 

0.85-1.15 

10.SS-J.l5 
0.9-1,2 
0.9- 1.5 

0.S- J.l5 
0.S-1.i5 
0.8-l.J5 

0.S-l.J 5 
0.3-1.15 
0.9-1.2 

0.4-0.7 

f 
0.035 
0.035 
0.065 

1 

O.(~i.O I 
I 
I 

-- I 

~~5-0,2~ I 

·1 ~ :~~j:~~ 1 

0.2O-D.30 
: G . ~O-O,~~5 

: 0.20- 0.40 

I 0.15-0.25 
t 0.15-025 
I 0.15-0.25 I 

0.15-0.25

1 
I 0,15--0.25 

0.9-1.2 i 0.iS-O.25 

1.0-1.3 10. 1O---D.20 
I 

!; ;1 
0.G30 0.025 
0.030 0.025 
0.055 0,050 
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Tab e 1 b 

Hardness curves of end I Standard steel designations I Chemical composi tion (in ~~) I' 

q\len~hed spelcimens of Germ.ny I France I Enllland I USA II I S', 'I' Ps~) I Cr II N' ,' I I 
various stee gro_u_p_s _-+ __ D_I_N __ +-A_FN_O_R_~i:-B_S_9_7_0--+1A_I S_T_fS_A_ EI _ _ C _ _ ,--_ M_n_--...:..: _ _ __ _ __ ~ _ _ ._---'-___ ....:...I __ M_O __ 

I
I 34CrNiMo 6 0.30-0.38 0.4-0.7 0.15- 0.35 1 f,g.h II 1.4--1.7 1 1.4- 1.~ I' 0.1~~.2~ 

(42CrNiM o6) 0.38-0.45 0.4- 0.7 0. 15- 0.35 f.g. h 1.4- 1.7 1 1.4-1., 0.1)~.2) 

I
' (30~iCrMo74) 0.28-0.35 0.4-0.7 10.15-0.35 f.&.h 0.9-1.2 1.8--2.1 10. 20- 0.30! 

(37N iCrMo 7) 4337 II 0.35-0AO 0.6-0.8 I 0.20-0.35 f.g,h , 0.7- 0.9 : 1.65- 2.0 10.20-- 0.30 I 
'I (40NiCrMo 7) 4340 0.38-0.43 0.6- 0.8 O.20- 0.J5 f. g.h I 0.7-0:9 11.65 ·- 2.0 0.20- 0.30 

(40N iCrM o 6) · En 24 I 0.35-0.45 I 0.45- 0.7 0.10- 0.35 Lg. h I 0.9- 1.4 ; 1.3- 1.8 O. 20-0.~5 
; Eo 26 ~ 0.3<>-0.44 0.5- 0.' 0.1O--<l.35 i [" .h I 0.5-0.' I 2.3- ·2.S i 0.40·· 0.10 

- E- )- - i 30CrNiM-o-8-

1

----

I

--- -

1-----11 0.28--<l.74 I' 0 3--<l.~ ~."~ 35 I-[.S.h '-:-,., . -l.'-:: I' 0.25 - 0.: 

• 

E3 i (40CrNi Mo 8) 11 0.~7-0.43 1 0.3......{1.6 0.15 - 0.35 : f.~ . ;l 1.S- 2. 1 1.3 ... - 2.1 0.25--0.351 
ho, ,""'" ',"""'" El I 32NCD 81 0._8-0.34 < 0.5 < 0.4 I f.:;.11 /.9-2.4 1.9- ::.4 I 0.6--0.8 I 

~t 40 . E6 35NCD 14 ~ 0.30-0.40 < 0.4 < 0.35 f.g.h :':- i.5 3.2-3.7 I C.2- 0.3 
IE ' E3 En 26 I 0.36--0.44

1 
0.5- 0.7 0.1-0.35 , f.g,h 0.5-0.8 :!. 3-~.S 0.4-0.7 I 

&2 20 gj EI En 27 0.30-0.35 < 0.7 0. !-0.35 Lf;.h 0.5-1.3 3.0- 3.75 0.2- 0.65 

, 00 20 40 60 E6 En 28 0.30--0.40 < 0.7 0.1-0.:15 f.g.i~ 0.75- :.5 3.0- 4.5 0.2 ... - 0.65 

0 

~60 
~, '" 

y~ 

=~40 

1f; 3l 
~w.~ ..... ~;4v 

1 , 

~~20 ~~ Ii&. 
00 20 40 50 

Dis t anc~ fre 'Tl 
end On m~ 

F2 
FI 
FI 

F3 

(33NiCrMo185) 

I 30NCD 16 

40NCD 18 

3 = Hardnes~ curve in upper range ~~.@ 
2 = Hardness curve in middle range (cross-hatched) 
I = Hardness cllrve in lower range ~,\";:)~\'t~~~ 
6 -= .·brrJ ncs-'; Clirve in w!lole sh:ldcd range possible 

1 __ ... ___ -

En 30B 

0.30-0.36 OA-D.7 
I 0.28--0.35 0.15-0.55 
: 0.28--0.34 0.4-0.6 

i 0.35-0.45 ! 0.15-0.55 

') 

Prr. n 

I S n,," ~ 

I' S -l P Ult\:\: 

0.15-0.35 
0.1 0--0.40 : 

0.:0-0.35
1' 

0 .. 0-0040 

d 
0.050 
0.050 
0.09 

- - -----1- --- 1 
h 1.1-1.5 4.0--5.0 0.30--0,451 
h 1.2-1.5 :t.7-4.7 10.40-0.60 ,i 

h J. 1-1 .4 3.9-4.3 0.20-O.4L) 

h 1.4--1.7 4.3-4.9 0.40-0.60 I 
I 

I 
-- I 

I 
I 
I 

e f 0 h 
, 

<> I 0.040 0.Q35 o.mo 0.025 
0.040 0.035 0.0."\0 0.015 

I 0.070 0.065 0.055 0.050 
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The se l ection of s t ee l s fo il lrcct-h~rdening is (Uota ted by 
the f oll ovllng metal lu eic a l cOIl3d.de ..... tions : 

The min imum hardness v/hiD!" m st be o b tai ne af ter quenchinc; , i n 
o rder to guarantee suEfi 8ient tougDIie Daf t er te Iperi ng , depe~ds 

on t he de::;ired st- 'cnc;th, '* ' -he morc c or-iplc t G has to - 0 the forma 
tion o f martens i ~e on q e11.ch" ng, procluc i ng also greater h a r d
ness . The re l ationship i." sho~'m in Pig . 1+ . 
""The higl er ' he necessary streng tl1 

19 

~80~~~~~l~~~~I---r--~--~--~ 

<3 

J~ 150~«~~-+--+---+---+----+----1 ~J 
'!j 

20 E 

,t 5 2- ~ 

I ~~ 
I ~ 

90 100 110 \20 130 
- ----TtnSile stml¢h (In Jc.'Vmm~ ) ----

Fig . 1 ~ Rcq uil'e 
l'e l at i ve hardness 
:in percent and 
the correspondi lg 
h ardne""s d i l 'l ere:1-
c e o f HCmax - }{Cerr 
as a funct ion o f 
the s treng th of 
quenched and t em
pered. stecls. 

':ine requir ed tens ile stre ngth is represente d by the absc issCl; 
t he ord i nate g ve s the r elat i ve hardnes s or t he equivalent dif
ference betvleen t e max i mum harcln s of mart en -ite and the 
Roo lruell C hardn es s obtained . I order to mainta in ood tough
ne ,ss I the s e value s should a hiays J'emain \'d t h in the shaded f ie l d . 

The hardena bility shown by the hardness bands of end quench 
test b ars f or 6 stee l groups i n t able 1 has (in conne c tion 
with F i g . ;:~ and \,-li th Fig. 4 shol'V i ng the des i rable r e lative 
quenched hn.rdnes s ) a f unda menta l Significance for se lecting 
the sui t able cros s-sec t ions and strength l e vels of var ious d i 
r ct - harden i ng ste e l s . 
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'lIable 2 uonta ns rccorru11EmdaL'i OilS f or 'L he !mt~imum d iameters ot' 
:co und bars. max i mum '\ <l 1 'Lhic\{nc:s;::) of gear r i ms ( tyres ) and maxi
mu thi ckness o f f orged \,ineel di.3cS fa t he dlff ront s tee l gr oup:::; 
a nd s trenl3th lev e l s . hTher e several s t ee l groups are r ecommended 
fo r the S ... d1l8 s trcnr;th Ie I and the S c;;. ,e cro ss- ~ect ion , t he ope
r a. -i np' or 8.cce p tanc e coud i t ions d e: termille t h - se l c e -. i un : j.f 
h te;h shocl{ 01' bendinG s1"resses (;I. ' 0 t o be cxpecte , the rp. sul t-' 11['; 

re uil ' ::mer.G 1'0 l-lle;h fat.iEu8 s ~ r8ngll1 and toughness re l a t i ve to 
the d .::.;1ro tCj lf; 11e :-:;irength ('·cl.Tl be met by a stee l o f good bar-
denabl i ty . 1 1' ~ on the other l1.::md , \·..rear - e:::;" s tance t s of prima.
r y importan.!e , _ steel fr()ID tbe gl~ oUp hav ' ng l ow",r harde IJil i t y . 
is adequ~te; in t h i s case a c l as s wi th h i gher ca rbon c nten t is 
1:;0 e pr e ferred . 

- - - --- ---
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D.E 
L 

I: 

I 
L,r 
E .F 

to 0.5 I 10 12.5 A I.A2 A2 ,D B.C C c.O C.D D discs I 
> 0.5101 i > 12.5t025 A I •. n B.C C C.D D D D 

"-F_~ _4_: _:~_~--,-i _:,->_~_l-,-g_:~_:_1 g_g_I __ A_1_~U-,-_O_i_: _..!...._~_i I Y it)~. ;L 
T~ Ie 2 Re commen
da 1..: 10ns for t he 
a pp l ica t i on of 
gr oups f\. to 1"' of 
d i re ct -har de n i ng 
s t ee ls ( r 'ab l e 1 a 
and J. b) 

JJe avy gears and pinions of coa r , e p i tch can be ma chi ned as annea l eri 
with an aI1o\'lan c e of' a bout O. O~O i n . (1 rrun ), a nd the , q uenched 
a nd t empe ed to the de s i red. t e ns i l e s tre ng t h be f ore fi n i s h rnn.
chln:Lng . Unde r t h e se c ond :t t :Lo ns mu ch h i gher co0 1 i 1l.g r ates oc cur 
at cri t 1co.1 point s ( too th root) t ha n i f the blanks ,,'1e r e q uen ched, 
h ence perm i t t i ng t he use of a stee l of lower harde na Jility . 
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~. ,~ U }, F A C E - H l\ n D E tJ I N G r1 E T II 0 D S 

3.1 Ge neral 

Wi t h t he exception of nit i d i ng, the methods of i nteres t a re 
based 0 quench hardening . 'Por :::;url'nces req uir i ng maximwn Vlear 
res i st ' nee , a hardlle :-;s of at lea;:::;t Rock:le l l C 60 ts gener i..~. lly 
consid_red necessary (except-lon t o this rule , sec unde r Il Ni tri
ding '! ). A stG 1 ph' cll. ust attatn this hardness by the fo rma
t i on o f ma~tensite mus t therefore contain a minimum of O.J S ~ 
carbo n (c ompare Fig. 1 '). In many c a", c s , ho"1evc r , a lov/e r 
hardnes s of eJ,bout Roclnle l C 50 is ac c epte d , pe r mi t ting the 
use of l ower carbon stee ls . 

Hardeninc; by martens 1 t e f o:t'mation i s perf'or led by tvlO funda
mental ly differen t maj or processe s . I n the c ase - har~enin~ 

process the vlOrkp i eces a r e made of :::;tee l I·li th a car bnn content 
o f' 0 .1 to 0 . 25 J. '1.'heir surface is carburized by diffusion c..t 
h igh t ern eratur f r om Gol t , l i quid or gaseous carDon- contai 
ning media. In the other proceS3 , a l ocal heat i ng of t he sur
face i s effec t ed by means of - i ther i nduction current s (induc .
t inn hardenine ) 01 :J. l!/lS t orch ( flame hardening ). Co tr41ry t o 
c ase-h a rdening the scee l used fo r i nductio n or fl ame h a.r deni ng 
mUB t 3.1r e dy cont a i n a suf'fic j.ent a mo unt of carbon, i. e. it i s 
1u fac t a direc t -hardening s t eel. 

). 2 Ca s e-harden i ng Methods 

In the carburizlng pr ocess, the me d i llJll containing the carbon 
may be solid, l iqui d or gaseous . Each me d i um ha s it s specific 
applica t ion accorging t o conve n i e nce. Temperat ures us ed are 
alwag s above 1380 F b7500 C), usually between 1560 and 
1830 F ( 850 and 1000 C). 

The de pth of the carburized laye r depe nds on t empera ture and 
time. The higher the temperature, the mor e r ap id is t he di ff u
sion rate of carbon atoms , under the inf l uen ce of t he ca rbon 
gradie nt, wi thin the a ustent te l a t tice . '1'11e cm"bon content 
within the carburized l ayer decre a ses gradually from t he surfa ce 
tal-lards the core. Tll e d e pth at which t he or i g inal carbon content 
of the steel i s r e ached i s c a 1lJd the t otal depth; it is to be 
distingu ished from the use f u l ", arburz i'Zingcrep'cl-l.--Al t hough t he 
tota l dept h may be regar ded f.. S t he natUra l limit of ca r bur i za
tion, i t s abs olute va l ue i 3 difficult to ascerta in, \"Ih1c11 l e ada 
to \'lide ly scattered assessme n t T' esu1t s , a nd re nders it USEo l GS S 
as a pract ica l me a S1...1re f or t he c a r bur i z ing d e pth. Var ious limi ts 
are e mploye f or d etermi ning t he us eful ca r burizing depth . It is 
conven l ent to s et t he l i mit a t 0. 35 % uarbon. The us e ful c a r bu.r i
zing d e pt h ca n t he n be a c c ording l y def i ned as the perpe ndicula r 
dista nc e be l ow the surface of t ha t point \,l i thin the carbur i zed 
l a yep , a t which the carbon conte n t has s unk to 0. 35 0& . Thi s use 
ful carbur i ~ing de pth d oe s not ne cessar ily coincide wi th t he 
h ardeni n , depth ( ~~ht), '\Ilhi ch \'/111 be dealt '\'li t h l a t er . The c arbon 
c on t ent of .35 ~ °mploye . a s cri teria 1 yie ld ' , f or t ota lly mru'
ten8itic hardening , a hard ness of a bout 55 RC (compare Fig. 1) 
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'1'ne '"en.LL c<.I.rburizl1lg U0}Jt i s ubuLlt hClll 1e l-o l-al u ~J:lt • 
For' nJst c al'ouri:.:::.inl-J pl ' ocr:rse'~ i t CG.D be exprec::ed apPl'oxi 
ma tely i n ter ns of time: use i' 1 carburiz in.c~ d ept.h 0& K ,Vr:-T1!f1 ; 
where K 18 (l const a nt dependent on the temperature utld the 
ateriul. and t tha carL trizi!lb t ~rnt:; in h ours . K,], amognts ° 

about 0 . 275 at 850 C, O. lf at 900 C and 0 . 525 'E 950 C. ;1hese 
c onstant.~ It8I've CiS Hor~cin referenc e po in'cs f or the 
CAHBO-f·1AhC process fur pl~ ln c D.r-bon stee] and carburizing 
epths of more th&m u . ::, lam . Ii' 1 the cOflvt:ntic)na l e nd()gGneI'~l tor 

proce ~s these const~nt s are cl out l u t o l~ % lower. 

It f o 110l'18 for ' llstance, thL t the effective carbtu'izinC d epth 
a t. 1740° F (950 c) is alloB t t cc*at 1560° , (850° c) .*tl1at 

Carour i z 1n i a solid medium i s the o ldest process anel, ill 
cer tain eLse" stil l in cu :rent use. 11 .... 1'co a l and certain kinds 
o f spec i ally treated cck . ' re mHinl y u s ed . The? me c hanism of c ~r 

b Ul"izing consists of the i ll i tJally pre:3..::nt oxygen . com ining I'dt}-l 

t he carbon t o form c a rbon dioxice ( CO? ). 'l'hi", reae ts wit h the 
e x e eS3 carbon at highc- tcmpordtnre;::- \:0 f o rm C,51'bon monox de : 
CO + C 2 CO. The ca bon monoxide ( CO ) t he r react s v:L th t he 
s t~el , deliverine; c aT'bon rtoms t o the stee l s urlace : 2 CO 
( C) + CO '":!, and the p c mainiDS r..:arbon d ioxide is regene rated by 
t h e c arb5n to carbon monoxide . It i s t ... ere. ore a gase olJ s medium 
to which t he c arburtzat i o n can be direct ly a ttrib ute d . 

3 . 2. 2 Liq t id Carburizin, ( sa l t bath ) 

Ca rbur i z i ng baths c ont a in mo l ten salt mixt u re s , the effecU.ve 
co ns~ i tuent be ing sodium c y a n ide ( NaCN). Thi :3 s a lt me lts at 
1020 " (5500 c) and d ecomposes a t t emper a tures n ear 18)0° Ii' 
(100 0

0 
C) more or l ess r p idly . acc ord i ng to the n atu. e of the 

other additives. 'Ine r ield of prac~ ica~ apglicat ton i s be t\"een 
the above temperat ures. Above 1560 F' (850 c) t h e s u pp ly o f car
bon domin ates ; \'/ i .th highe r tempe r'ature the c arbur i zing effec t 
increases , whereas be low 1300 ° F ( 7000 c) more nitroge n ( N) is 
released. 

Heating of components in sal t baths takes place quic k ly, in c on
tras t to gas c arburizing , and i n still greater contras t to pac lc 
carb ur i z j.ne;. Case-hardeni ng b.s.ths are t here :C ore of' particular 
advan tage t he n till heating t i me c onstitutes a n apprec iable pr o 
por t i n of the tota l time of t reatment , i. e. for small c ns e 
depths from 0 .004 to 0. 032 in. (0.1 up t o 0.8 mm). rl':tle ir u se 
"'Till also depend o n the si z e of the component, being usually 
re s erved fo:e treating smnll components . 

3 .2.3 Gas Carb ul ' iz i rl ::, 

In t h e gas c arbur i z i ng met h ods, the carb on can be s upplie d by 
c a r b o n monoxide ( CO ) or methane ( CH4 ), in \,fh 1c11 c ase the fol lo 
wing reac tions may t~ke p lace : 

I CII4 
(I' \ 
I. \., J +- r) c_ 1I2 

II 2 CO (C) (;0 :.~ 
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I I I wher e; ( C) r epresents t ILe 
c a bo n atoms delivered to 
t he surface of the s teel . 

Where s t he r eactions I and II t a ke l a ce extreme ly slowl y, 
t he reaction III is rapid , ~o thnt it is this l a ter, above 

11 , \'/11c.:11 1s decisive tor gu,' cal'burizin0, as 1'e cnt re 
search has revealed. 

Gas carburi:ling methods c an be c assified into 3 m" in groups: 
, ... ) e;enerator p:cocesse:::; 
b) drip-feed processes 
(;) processes UDlne solid gasj.fyin[!; coupounds 

8.) In the generator processes the gase s are produced i n a 
slitab e eas generator f~om a town or natural gas supply, 
01' fro m rrydrocart)ons sue. 1 as me l1.ane (natural rE.7J ) propane , 
butane , etc ., and brought to 'he carburiz ing i'Ul'l lv. e G it' et' 
in the neces ,sary compos i t ion or a s a c . 1: 1"1 l ' gas . I t he 
latter C3.se , a certain amount of a strong carburizing e;as Js 
adde d j n the furnC\.(Je . ,Such carrier ga processes 11a e tbu ad
v~mtago that i t is p03sible t o add the more active c a r ouri 
zing medhilll < uloma ticcl. lly , by me~I1S 0 • dm.i-poin or CO

2 
c on

t r ol apparatus , in such a my tha t the required cnrbon poten
tJa 1 c an be maintained . The ca:.r:'bo n 0 "en1.:;la1 t s defined as 
the c L.l.rbo eont ent 0[' a very thin iro n strip \\Thich is i n 8qul 
l i briwn with tIL respe:!tlve gas at a given t e mperatur ,. Vlhen 
l arge sur 'aces arc to be c arbu i zed (requ i ring l m"'ge amo t s 
o f carburiz i no medium ), the carrier gas process \" i t il an a u t o·· 
mat ic control pos tulates the availabi lit y o f a ver y l a r ge 
q uant i ty of c c::l.rrier gas , vi i h the consequent encumbr ance of 
an over-s izc:d, econom c c;enera tor \lv1"1o e sus cept ibil l ty to 
f a ilure e.an caus e hie~h maillt01lo.nce expenses . Fr om t 1e econo 
mi c p o int of view, the. efor-e , 1 t is norma l ly pref'e:eable to 
select a proce ss ot r equir ing a generator . 

b) In the dr i p-feed process the carburi .ing g~ses arc produced 
in the carbur i z i ng furna ce i t self by therwal cracki ng of or 
g a nic c ompou nds , \.Thi ch 8.re pre f erably l iqui d undel' norma l con
dJtion s , and \:'Ih i hare :Lntrodu ed c ontinuous ly or i n te rm:.i. tten t ·· 
ly. These processes have t he adv ant a e o f Simple and economi
cal e qui pllie nt a nd opera.t ion. The u t oma tic f eeding of the 
c a :eburizing liquid, I'rh.i c is con tro lled by the C po tentia l, 
was b ased e ar l ier on the hot re~istance wire method, because 
it was never c ons i dered possible to ad jus ~ the C potential in 
the dr i p-fe ed process on the basis o f t he H

2
0 or CO2 content. 

However, a pro cess has bee. d eve lope d by the !VIAAG company , 
b ased on dri -feeding tT,vO very easi l y cra ckable or g:-:.n ic llquids 
or mixtures of l iquids into the f'u.rnace simultaneou:sly . 

_ Th one l i quid genera ' e~ a gas \'111i h h as only Cl. "'"li f;h t 
or no c rbur l z i ng effec " and. wh1eh serve s s imply t o i1laint ~_ i n 

a c onstant pressure abo v G at), ospheri '. The u ther liquid gene
r tns tIL: cClrbu'riz.tng gns . '1'11e l iquids arc so chosen that the 
c I-acking liqui d y elLls the same gas c ompos i tio n - s r esu l ts 
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from the crackinr; of t. he C,H'l"ier gas J~iquid .:ll onc . 'l'hus, tl (.! 

relati vc: quan ti ties (I.f the3e t'lO liq uids, a far llS they are 
determint .. "-' by the cons l.tmption of tbe 3. tomat tc .;... lly control ed 
c arburizlnc- medium, n1"8 therefore irrelevant, IJhich in c on -
ventiunal cenerator <..lI'l"i'J [../18 prc-.e:€sses j s not the CR"'(: . 

'The new process has been .:.ppliLd \lith great SUCC G:":;C"-; i ts l'e-
1 13.bi lity ha s b ecn P~'o c Unu.~l' extreme omJ. ltions wi1Gre 
ch 3.r ce ..... huvir ;"; v c~r:;,,' rti r rp ~· . ...:nt ;:; rfacc ar cas W~l'e to be Co..1' 
bur..Lzed in il:!ine u. l ~ te :.5UCct:. s81011 . The a t mat :i...c control C)f 
the supply o f cGl.l'burizing 'dE.-- ium cOfllpen,:,utes cont.l.nuous y 
fo r the consumption, ',[Ii ,:11 j s deperKtent on the area. The 
NAAG c .:J.rburizlnr; pro~>tlsc l' L c. the principle 0 _ ir!1U tau(?'ous 
lse of a ) "essuriZlI1<-.> liqui c-:tJ .. ongs·-rfp. the c o.r uriz irJg llquid 
l el f ( tr~d(;! mark CfLl-iDO-f'J\f\C') , ha:~ ulf) been ,suce BLl.lly 
appL.ed to challlber furnace::;. Its po::.;sibi l:L ties of' app lica t ion 
ar8 n WneY'olX::; 1 E;Ttao " jns tfle odju;.:;tment of r ny C potential 
2.b:)v~:: 0.4 ~·, .iJ1 a.s,:re and .':imple nmrmer, Oi' a1 11'tlle contrl __ -
1a01 (,; £;3.:3 c ·_r.bur :l~:; _ng procGsses, th • ..; Cf'wT.ffiO-r'J\Au p_ occss d18 --
pl3.~r;;) tll"' niost rap d rate of' transfer o f c a r b on rom the La~ 
at.mosphere t the urface o f the steel . 

~) I Yl tne gr8.. ulate process a solid cd.l'burizing medium 1s i nt.r'o
duce d int o the furnaco; the oxyeen Gf t he aj:c r eact s Vl i th tt 
t o f orm Garbon dioxidp at rlOderately lc~r t emperatures an. Gar
b o n mo noxide at higher' tetnpcr; tureS . The c arbon monoxide c a1 '
burizes the steel, but only ~::;lc)wly . B] \-Jay of' cambin't i on 
~ith a dri~ feed pro cess, n acc ~ ler t io n i s a hieved , but 
\I>f :i. 1::;hout form o f cOlltro l , 

3 .j Part l c ulL,r A. peets of Ca, G-hCirdening 

:2.3.1 Case -- hardeni ng Stee ls nd their Hardenabi l i ty 

Case-hardeninG ~tee s a r e best c l assified by usin hardenab i l~ -y 

as a .. c r it e rion .tn t he same manner as direc:t-hardeninfJ' ~J tee ls . 

There a re , hovlever , ~ greater number o f f act ors to be cons idered, 
primarily the hardenabl11ty o f t he c arb r i zed e ase with it car
bon c ontent dccreas i n6 touards thp. c ore Ii . c . tlL c [...::;e ha.rde na
bility. Wherea t he hardcnabi l ity o f t he base composit ion dete- ~ 
mines the c ore s t.rength and presents n o f ul' elle r probl lJ1 S , the 
c ase hardenabi U .. ty, \ h ic . requires more s ea:r'chtng exami nat ion i s 
a decid i ng faclor fo r the maximum urfac c hardne ss and , in c om
bin.':l.tion wi th t- h c arbon dlstr'bution, als o for the g r a dient of 
t he h ardness cUr've i n the c aseh.8.rdened layer . 

Hhilst i nGreas i n cr c arbon c:o ntent gener a l ly raises the maxi .wrl 
h ardn ess and hardenablJ.ity (see Intl~oduct ion ), s t eels contain i ng 
a c ertC3.i.n u.mount o f manganese or chrorn t um suffer a d e crease i 
h a r den:lbll i ty if th0 carbon in t he c arburized c ase exc eeds a ce1'-
t ain percentace . Thi s is probably ~aused by the f o rmation o f c ay'
bide:::; of high mansanese and cl romium content , \-Ilhi ch c ause ,s -in-
and Cl'-deple ion of tl1e :: usten j_te matr ix . Mo lybdenum and nicke l 
do not pos. ess this adverse rroperty . ' 

A further consJderatl0 1 is lhe fo rmat:Lon of letained a ustenite 
a t hi ,;her cnrbon c nteJ Its I H·I lch causes a ['eduction of' the mruci
mwn h ardne ss (even at ligh c oolin r.:ltes ) and decrease s the r e-



s i dua- Lompress1ve ~-)trcsse::;. The: various all oy li['; (::lements be-
l a every dl fl"l.::rently ill ti1 j G rcs1-Jcut. : ch,c0!Tlium, maIl~[t lese a n d 
n l ckel promote t he formation o!:' retained a sten- te, ,'!hereas mo
l ybd num, a very e f ficient a lloy i ng eJement , ha..., l ittle i nflu
e nce . 

'r'nef':;C main fa c tors inf to: 1.:!tng the c ase h a rdenab i L i.ty ref _r to 
h i c;her c a :c'bon c ent-cn:":.:: . '1'111'" l ower the ooolJng rat at the SUI 

fa c e, i.e . th~ l ar"'er the ~J,ze of the pay'ts quenchec i n o il or 
i n n. mar t e :'lpering bath, t.h~ r o.ce important is the h ar'denability 
at med ium (!<lrbon eontent.~ I 1'0 e x.arliple at 0.)5 ;, th , limi,i... foJ.; 
the ucc1'ul cal'lmrizing depth, This fact is 0 'te n oV81~looked , o.m(l 
j n t'1e qw'::.!st f or adequ t.e c:or~ s rc ngt 11 in l nr'ge ,-,eaI'~3, it. o ccurs 
al l too f'requen ... ly tll2.L :'L steel 01.' higher original c arbon con'vent 
1s splected, \lithout paying any c onsideration 'c o case h a rdenablli
ty . 

Moly bdenwn-1lear i n ... case- h<::.rdeI!i r 'e; ste8 C' are being morA and more 
u .:-cd r cent] y 1 Ci. tendeney (.! lO:3:::.L:r CCll!I1CCtE;-d \ Ti t h ,he grm ~ ne; 
trend t u >-mrd:::: di,re<:; t qucflch i n T f rom t he carbur i z i ng tewperatuI'c . 

The (! ore strength o f thir. cO!Tlponent.~ or at corner's of compune n ts, 
a prob l em corUlE:cted \'lith the Jno.chinabil' ty o f tl1e core ma t er i al 
a ft er hardening, is still noLheY' aspec t of th~ hardenabilicy o f 
c as8-haJ:'delJing stee l s . I t 1s poss i b l e that difficult mac h in:Ln r 

o pera t i ons st il l remain to be per i'orme d. on the non- carbur i zed 
c o re o f pinions ane gcars f or recisi on drives after c ase - har
dening . U ide such c~Lrcumst':)_llces the coX'e h ardness must be no 
h i bher t h an BNTI 3 10 . But most standard al loy c o.rburiz i ng "" t e 1;:3 , 

a f ter oil o r sal t bath hardening, revea l h a rdness valu s in 
s ma ll c r o ss-sections or at edg~s o f the pa r ts , lhi ch &t t ime s 
gre a tly exceed the pcrmis f"jib lG : hence prev ent i n g s ub, e:quent ma~ 
chin i ng . In uch casas , the o n l.y s olut i on is to resopt t o a 
c ase-ha.rdening steel of v eF\J l ow carbon cont e nt. (0. 1 1 70 maximum) 
but c ontaining al l oying e l ements wh i c h f or a given c arbon penetra
t ton cur v e I a l l o\·,; a maximum c ase har denabi l i t y even by mart el pe 
r ing . Fer t h ls purpos a stee l wi t h t he f o l l ovvin g compo s i t t o J 
g i v es v ery good r e sults: C 0 .11 j'S naximul1, Ni 1. 75 5'j Cr O. 1~5 to 
0. 6~ %, Mo 0 .50 to 0 . 70 %. 

'l'abJ.e 3 s bows t he c:hemica l compo s i tion of c arbur i z i ng steels 
f requently us ed , wit1 data o n c ore strength and s urfac e hardnes s 
for cy l ino.t 'ical bars of 1, 2 and 10 i ns . ( 2 5, 50 an ' 250 mIT! ) d i a ,· 
mele r . A10ng sicle a h a r den ' ng tempera t ure abov e t h e Ac 3 point 
(single q u ench i n ) , water qu nchi ng i s a ssuIned f oY' t18 unall(lyed 
s tee l s and o il q uenchi ng fo r a l l oyed stee l s. Fur t lle:c d etai l s are 

> 
give n in ~able 3 . 
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Mmcrial 
designati on 

a) I Ck 15 '61 7 
b) (101 5) , Rl->20 
------

Chemical Compositia (approximate analysis ) 

according 
~o sta nd'l rd 

C 

I DI N 
(S/\ EJ 

I 

0.15 
- -;-1---

b) 
Si 0.25 · 1 

Mn 0.40 I 
C r 

Mo I 
Ni 

1------ - -- ------! 

~AE 

n.1 7 
u .20 
O.2S 
0 .80 
0, 50 
0.2(1 
0.55 

DI I 

0.20 
0.25 
0 .25 
t).70 

0.40 
0.45 

TrOJi ile Sln·ngth befn e Machini!lg (before l'arlJur:zing) 

in 1000 Ib/in ' : 1 

D IN 
1721 0 

0. 10 
O .~O 

0. 25 
1.2 
1.0 

SAE 

0.1 7 
1 0 .20 

0.25 
0,50 
0.50 
0.25 
1.75 

-, DIN 16(,2
1 

DI N I; 
&i\~~fli 

BS <) 70 I 172 1_0_1 _ __ _ 

----, - I 0. 10 
0.14 0.15 

0.25 0.L5 ,I ~:~~ 
0 .40 0.50 0.50 
0.75 1.5 O.SO 

0 .55 
3.5 1.5 1.7 

I 

r ~. 

DI N 0 1 N 1(,62 
172 10 BS 970 
---'-- - -
0.1t: 0.14-

0.25 0.15 
0.50 O. -IU 
2.0 1.1 

2.0 4.5 

I 
An nea led 

Quenched ;,nd 1 
tCIl1[lcr" ,j I 

a) ; m: x.65 

b) I max=.70 
a) 

I l11a,\.97 : 
m" '\( . It)-l 

I 85- 107 

ma x.IOI I 
ma>O; . I07 

85- 107 
'n- 11 4 

rn ,-1". I 0 I 
max _l 07 

75- 10 1 
83- 10 1 

max. 100 , max.107 
max .107 

g -- I07 ' 
I \J J- I i 4-

9.'\ - II J 

m:.' .. 107 1 

9.> - 114 1 

Ilnx.85 
Ina:-:.IOi 
78- 100 
93- 114 

111.: x. ll-1 

100 -121 

mU\ . 12 1! 

11 4- 12S I b) 93- I I'l' 

in k g!mm~: 

Anncakd 

1 
I 

I m.1'\.70 II 

nla.x. 75 
(,0-75 , 
65- 80 ' 65- 80 

In:)x.75 

1 , 

a) ll1:Jx .46 I max .fiS max. 71 m,n.7 1 
h) max.49 i IWI>-. . n l11:1 x_75 111<1 )( .75 

Qu~ncl1f,d and \ <1) 6 75 60- 75 53- 7 1 

te rnp<:f_ed ___ ' ___ b_)---, ~-~ G5-~~ _ 58-7~ 

max.75 max.GO 
max.75 
55- 70 

_ 65 - f~ l~=-s~ 

Il1ax .gO l11axS5 

70-85 80--90 

-------------------
Mechanica l Properti(?$ in Casc-hard('ned COn' ilion 

for I ill, (25 III iii ) diameter: 

Core strcl1!'-th a) I 64-93 ; 100- 13 5
1 

11 '1- 150 128-164 12S- 1(:.4! 135 _1t{5 135- 192 16--t-206 
in 1000Ib!in ' b) I 

Cor'! st rength a) I 
kg/111m! b) 

78-1071 107- 150 D5- IS5 142- 185 142- 185 

45· 65 I 70-9'i 80- 105 90 -115 90- 115 95- 130 95- 135 
55- 75 1 75 .. 105 95- 130 [(10 - 130 100- 1J0 

11 4-142 
135-185 
80100 
95- 130 

I 
170- 206 1 

120--145 I 115- 145 

fo 4°/ C I 
~a sc hardness 0 : 7 ~} C 

48- 57 48- 56' 50- 56 50-57 55- 60 II 55 -60 55-60 
58- 65 I 63-6(, - (i3 - 66 62- 66 64- 66 60-65 6065 

55- 60 
64-- 66 
64-66 

55- GO 5: - 00 
59--64 , 59-6--1 

111 Rockwell C ll.o ~;' (' 60 -68 63-6~ 1_6_3_-t_'6_,--6_0-_ 64_-=- _62_-_6_4 _1_5_9 __ - 6_4 __ ,--_59_-_6_4 59- 6.\ _1_5~~ 

for 2 illS. (5U 11111/ ) diol/l('!er: 

Core strength 
in 1000 10Jin' 
Core strength 
kg/111m' 

Case hnrdnc,$ 

a) 
b) 

a) 
b) 

60- 85 I 
7 1- 100 : 

42- 60 I 
50-70 

1 0.4 °~ C 1 40-5 2 

88- 124 
95-D5 
62- 87 
67-95 
45- 55 
63-65 
61 - 64 

I 
107- 135 
121 - 164 
75- 95 
85-11 5 
44-5] 
63- 66 
62- G5 

in Roekw':!l C lo,7 °'0 C 1(50)-64 
I. O~' ~C (52)- 66 

---------------- ~------~----

for 10 ins. (250 /11/11) dfall/eta: 

Core st r nglh a) 
in 1000 Ib/ in' b) 
Core stre ngth a) 
kgimm ' b) 

0.4 0 ~ 
Cl$C ha nlncss 10 70 ' C 
in Rocb\'11 C \ I :0 < (' 

QUL'nchi ng ill 

-------

55- iS I 
6 - 93 I 
39-55 
45 -65 

I 
30-50 

(4 0)-6~ 

1l47)- 64 

\Vater 

71 - 100 ' 85- 12\ 
85- 114 100 - 1~8 

50- 70 
60-S0 
32- 43 
58- )3 
50- SH 

Oil 

(,0 · 8<; 
70--90 
:1.1- 13 
6 ·64 
58- ('iJ 

Oil 

11 4- 142 
12 1- 164 
80- 100 
85- 11 5 
47- 55 
(i2- 65 
5 ~-63 

~;5 - 107 

93- 121 
00 -75 
65- 85 

35-45 
59- 6.1 
48 -58 

Oil 

114- 142 
121 - 164 
80- 1 OO~ 
85- 115 1 

54--59 I 
64-66 , 
62- 64 

118- 171 

90-120 

55-60 
60 · (,l 
59- (13 

93- 11 4' 
100- 128 107- 150 

65 - S0 
70--90 

52- 58 
63 -65 
61 - 63 

Oil 

75- 105 

54-fiO 
59- 6.'\ 
59- 63 

Oil 

128 - 171 

90-120 

55- GO 
GO- 64 
59-64 

107- 135 I 128-171 164- 206 

75 -95 
90 - 17.0 115-145 I 
55 60 55 · (iQ I 

v;- 58- 62 I 

156--200 

110 - 140 

55- 60 
59- (, 
58- 62 

~~-6666 _1 __ 5<)-.6~ 1 

~------~-- --~,~----

I 
85- 114 

107- 150 107- 150 

60 -80 
75-·105 75-105 

54 · 60 
59-63 
59- I)) 

55-60 
63- 6(, 
62- 65 

142- 185 1 

lOn- DO I 

55- 60 I' 59- 63 
58-62 

1.'l5- 17S 

'J5-1~-' 

55- 60 
59- 63 
58-62 

Oil Oil ___ O_il ~_ Oil _ 1 



For a g i vcn cal bo peIF;ti:Cl 'c j on curve \'Ii thin t h carbur:' zed 
~'er, different steel CE...1 supply different hardIless pe etra

tion curves a ccord int: to the h:l.rrlcnClbil i ty o f the relevant s Leel, 
<it the VD.l'iOllS level:.:; of carbon content. Hence a given useful 
('C:lrburL~in2 depth, :':;U011 as "'('laS def .Luod does not al ~lays correspond 
H t, the ;:;arle cffcGLive (\~l~)" kptl-l, "'fl'ec tive CClGC :lcpth i"" llil

der:stood as \:;ho per.oJrlCUculs.l cli:3tam;e uelO\,[ th-=: surfa.ce of thClt 
p oint(i thj_Il t:Lo car'ow'lzed lu' 81" , at vlhir'h the bai'uness hau 
rcachc the r.;oT'ventional limit; of ~j) \rHlI . 'I'hLJ 1"ule i :.:; the 
rno;.;; L Hidc 3pY'€ad ill }':t rOI [~, awl iLJ ~.Ll'(~a(ly accepted in the s 'c.an.
d~rd, of lI:lJlY Ol)J1trtctJ , or is due t o be adopted aC stundurd- in 
the neELr future . 

Irie. 2 for the evaluation of the end quench test , nd h - rdness 
cttc-t:cibution curves along ~nd queIlch t est piece;:> o f var ious CClr
boo cont mt-'> I D.llOi'/s c0n1.1aricon as t o hmi closely carb o n pene-· 
tr'ltiolJ and hardrtes :3 per etratiOlJ c; lnc:ide. ' Et.bl-~ j provides c"l. 
u3ef'ul guiae 'l,' ith re;~pect to t he case ha dness for variou, e a.se 
c arboa cont.ent'" and reI' v arlOU, ... r;i~€s 0 \'Iorkpiecc . 

For the desired e f, ecti \ e c~ase depth of eec..<rs . enel 'a l pr ac 
tise as . ell .:1,'" c ontroJ led exper" I~J"'nt has shown that the fol l o ,· 
wi n o e ~ irical rule holds : 

Fo~ diametral pitch 'rom 24 to 3 ( modul es l oS ): 

o 15 effec tive depth : - -' - , + U:3 ( i n ) :'0 0, 15 x m -+ us (mm) 
p 

For d iame ra1 p itch b~lOl! 3 (mouu1es over 8 ): 

e ffe c ti ve depth: () . (_~85 + 'us ( i n. ) = 0. 425 vl-il + us 

This relati on is sho·m gra/hically :Ln F :Lg . 5, us j_n tFic gr t n
dJn.g a l lOllaHce per f lunle , \'lllich is dependent on t h e pttch and 
the shape of the gear, but wl1i_h s l oul d not e xceed the value o f 
us - 0.016 in. ( O.l! nun ), h C>1'l(; ve l' co [. .. rs e tho p :l. t. ch. 

Fig . 5 D pth and 
grin ling allOl,n::tn e 
_s a un c tion of' 
the lDitch 
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I n dealinG wi tb the dimcn!_i 10; 1.::1.1 changes VJh :Lch take pJa lJe due 
t o heat 'L.,reatment, cti ..3tin·- tiG:i:1 m:lZt be made betwee n a70jclab l c 
rmd una o :LdCLblr- Uh<:"ll,-:.CG. 'r:1.~ aV0id':) ')lG dimel1sion~l l c han:!.c s are 
termed di3tOl'tj 0 • 'j'hls ()C(,!Ul '~:; to: 

a ) illternal streGses Hh:i c:h ; ~ e relen "ed d ur ' ng lea ti:l.g up to 
corbtl r lzing or harder i ng tcmporaturc . 

b ) wc.Tp ln.~ on D.ccounl~ of l n3(j(:quate heat - up c or t ro l or p oor 
slwpor·t of the part ..... i r1 the f l.U'haCe, 

c) het. -r oLoneit., :in tk .. !2tec1., 8.1'1::; i n;; fro m e xt:(' eme s egree;Qlioll 
0. -' non-G.fmmetrical solidli'y1ng of the ngot . 

",'h i ch a ppear in c:hanges 
C 8.U,-";U r.:y: 

8. ) trar s1'CJrm.J tio n 1 which CD.u::;es vo l wne change , 

b ) herma] G t,res;:;cs clevel o pine; d t l.r :i.n,-, cool..i.ng , H'hich give rl.se 
to plaut c defCJ rHl.:-~t ion I 

c) transform .... tio Qnd tl1crmal stresses mu t ually s p c r i rnpose' 
d UPing ooling , Nhcnce imensiofl3.1 c hanges can take plaec 
r a nE;ing from t he 1l3gati ve ext ...... eme I t hrough zer o, t o the po
si t ive extreme ~ acco r ding t o the type o f stee l, the work-
p iece si z nd the treatment. 

Degree of dimensional chang e i ncrease s ~ith t he s e erity of 
v.c tla n of the cooling medlum . 0,01 q uenc h i 118 t.he .!.' o rc c ause;3 
milder dil en i onal changus t han does \llater q w::mcl1 i lJg . Stil l 
sma ller a re the dimert: i o net l c hanges i nclu'red :tn a 11 t quench 
b ath c a lled margue chin bath , i n , .. ;h ieh s al t solution 0 oi l 
of at l east 150 C i s emp l oyed . 

In t he case of the u n a v oidabl_ dimensional chOJ1ge s, i t i .3 qu:.t"C c 
obv ious th~t t he t ime - temper a t ure trarsformation charac~er ist i c 
of' the stee l p lays a JOl' role in connec t ion with po :i.nt c). 
This eharactcl'is tic is l argely govern ed by t he o.l loy e ontent . 
Fig . 6 provides a working bas is f or est imat i n ' t he SU3ce tib ' li
'cy o f various ly a l loyed steels tu demells io nal c hange, 1, i th re
fere nc e to simple tJars o f ::;0 , 100 and 200 rmn diarnetm'. For PU1;'
pose of' c ompa:-i s o n, o ther grol1p~ o f stee ls are a l s o represente l~. , 

in orde r to sllow t l1u.t case - h.arrl en · ng s t e e ls belo ng to those 
steel t ypes mos t sensit i - e to dimens iona l c hange . In this f i 
gure t he dimens ion chang s are giv 11 i n 0/00 ( paro 0"" in a thou-
s nd ) , and tLe sam G 'cart i llEs datum (0 ) is used f r a l. b a T' 
Cl iame e r·s . '1'h i 3 da t um :Ls i nd icatod y the chai l ines , v.rh _'.J s t 
t h e 10n8i tudina l pr filcs afte! hCt..I'ueninC" in oil are drawn with 
c o n t:lnu us lines . The lines mnX'lwd +:2 and - 2 0/00 permit t 1" di
me n :Lona l ch:::m;::;es oc curr ing d1ou· .L ng bard n i m.:; t o b p-stilila.ted SUI' 
f 0 c lent l y aC'_tiriltcJy . Thor:. are tnterestinc; f i xe ' relat ionshi G 
e~ pref3sed in 1,..11c~ e d ineD ional eha 19(;S , oloser ;-lu i.y of "m i ch t 

( ) 
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ilcweve~:" L.3 b c:yond the scope of '~h~l:3 

dl.3G01.G's ,: . \H tl· in the case hllrdellin T st~el 
grOLl.p i ' , 1~, appnrcnt. that dj. mr~nsional 

ch:lnge l 1V'l ease'" Great.ly v1 tth i ncreasim; 
alloy content , o r wj.th i nc reasing harder.a-
b :.L I.jly . r1di .. is even reveQ l ed v ithin t! e 
La.e lL1nds of steel, in that t h6 possible 
v:..r · ation :In c: -f1posi t ioll from 11eat to 11'J;).'

has a strmJg i nf luenr:? e on the; U.me- ternperCl 
tur'u t ·ca n.:.>J'orl:la :i. o n cl1arac:ter13'c ic. Stno:::c 
thi::.; :--Ilso llLv3 ;::. dcC:isive i n1TucTlcc Oll tlw 
h<lrd.nc :::~; Cl...l.J:'V83 01" end quench s.t:)(~ci icns , 
this t e s 'd.I1r; met1l od 1 ;;; ar exc llcnt me ans 
of p rccl1L: tl r lg the pro bable dir:lcns iond l 
cha,ge ChqrFcteri3tica of a given he~t of 

stee l: Components of case-hur'Jenins :::;tee lf3 gro 11 rlurill,~ quenchinG 
i n the ·il' :.;t-on coil·.:; idir cr 'lith tl1ejr maX irnllJil expans ion; that 
is lor.:.g pUliOi1G :Ln the axial dl!'ectin n , 1 al'ge g e ars or Lear 
rims i n UL tu.n~.:.nti.u.l or r adlaJ d:'re ct:Lon. The e->eater th2 
h"T'd f~nCl. il l t.. the mope' pronou~'1ccd tlle gr oHth. Accordln ly 
their Ltimcl.,::Jions d·: rlllrhL l in tn::. d :'rcctioll at r ght . nr;)c:=:; . 
'1'00 pron l.Jllced a Gill'" rJ<a.g~ or the gearing of' a lo ng pinion 
c an be preventeJ by wny OL UD a xio l bore . Such ho l ~ow p inion s 
b el ave partly as a l'il lg , g iving pre ceden c e to growt;.h in t he 
t ngential or r~d :i al dlrcctjo ~l L..nd part, y as a shaft, thereby 
aff ording a certo.in amow .t", of r;{'dnpensat l on. 

Wi th r eoard to dimensiona l change. then, J ean a lloy co.se - har 
dcning s t,eols behave favou l'("itJly .. For l arge pinions ~nd gear8, 
howe v e r , t 11is fa e t c aIwol be fully explottod, due to :L na deq u a1. e 
h l'denabi l ii...y o f the case . A low l1ardenab i ity o f' stee l s 1'01" 

l arge cear aDd pinions -- and l-WI1CO acceptab c d i mensional cllv.Y1-
ge characterist ics ~ should n ut, therefore, be s ought in l eal1-
ness of alloy:i. n CJ • Glements! but in 1 0 -T carbon content. 'I'he alloy 
c ontent must be high enoue;h t o p .:o rn it the achic,jj_ng o f a good 
case hD.I'd enabili ty, even \'I i th a c a. :cbur i zcd layer o f' medi ill] c· r 
bon content . The s teel 10l ~- CI'M 7 is one :-5 uc:h cuse-har de lnG 
stee l with fu i h good results h f ve been obtai ned. 

3 .3 . 4 Carburiz i n ' AJ lcwanc~. a nd Grlnding Al l ovw.n ce 

If the carbul' i zed l ayer hac to be partial ly r e moved f _"' am a ge&T 
af ter c arbur- z i n g , in order t o p ermit fur ther machi ni1l2 o pera,...: 
ttons after h15.rdenill.Z , a c arburiz l ng allmancc must be r rov:Ldcd . 
Th i ." de)Jends o f cour e 0 :1. he case depth. :::; lnce even [; Sll',a l 
i n c rease i n carbon conte n t o f the cOi. .... e qaterial c Ollsider' ':;.oly 
i ncreases the t c ns i.le strength in the harde ned cOlldlt i on , t he 
c arburizlnd allowance must b e s o chosen that the carb ur l zed 
l aye:r is CO Il lcte y r "'111 ve d e ven if the depth re ches ito.:>' pe r 
nl i s 3 ibl_ maximum. Since th -. to: : 1 car-bon pene tra t ion depth is 
rou~hly twice as d eep as t h e UGc~ul carbur z i ng depth, it 13 
a.dv·sable to pro ride for a "arburizi n - al l oW:l.nce thr e times the 
prescribed cas e d epth . 
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An emlJirical rule for tbe GI'.L 1!linc; il lowunce U ,' I s : 

Grir li ing allOl-nlnce u s 0 .0043 + .015 
p ( in. ) 

o . 11 -:- O . 0 15 x If} ( rom ) 
f or d i unJ0tral pi t h rJ fl' om 2 . 5 on 0r 
modDle hl 1 0 

0.008 -:- 0.006 ( In. ) p , , 

- 0.20 + 0 . 006 j[ In ( mm ) 
tot' (j. 0.mc. t I'D.l r:-: Hieh p be 1m-I 2 . 5 o r 
modu'.c m 10 

(" leel d i f"lC:::'; for whiGh 8. mor'e r le~:::; mnrh:ecl incI'cas -:>. o f' dif'.metel' 
ls ex.pected d1.u' illlJ: bardcnj! [; aC~Gordi !ig to t l1e f..~t eel or c .... st of 
.s teel used ( -nd Hblth r;)i'cr_nce 1.. ttle l1ardenabil l ty ) , may be 
allo tted a ~Illd.ller u .... than ~,ollil shaf t t-in10ns, i'rhich are more 
lL",.b l c to shein]\: . 

'5 .J.j- I nduction and FlOom Harde r i ng. 

-,:; . II. l ,steels faT' Incluctio ,'J'ld F J arne iiar den ing 

P r ts whi h h n.v e to be hQ['denc.d only pPl..r tial l~t by que nching 
after l ocal heat in~ mus t, b e made o f a sLeel , ~S ment ioned , 
whic h already cO l~tains the cerbon neces, ary to a chieve a high 
h ardness . Accord i ng to Fig . 1 in order t o a t tain a Ro c kwe l l C 
h ardnes s of at l east ~O, a c urbon content o f 0 . 30 ~ is r ulred; 
Ro IDde ll C 5 5 c n l ls for' 0 .3G ~b C, nd RC CO for at lea-- t O . 11 5 ~~; 
c. Fig . 1 is , howevel', a l .id oDly lor normal h entjng u p t o 
hLlrdening temperature . 1 r quic.:k h eat ing ( ouch as oc C!u:rs in i !1-

d uet i o n larde:ning ), hardness v "'.t.lues 1 to 2 HC uni t s hicher n.re 
USUQl l y att i ned . 

In princ iple , a l l direc t -ha.cclenin~ stee l s as l :Lsted i n Tabl e ). 
are suited for i nduction llax·denln . . The n lenehing method t r be 
chosen d epends on the harde nabili ty and t herefore on the ("! :1rbon 
a nd a l l oy c onte nt . 'l'oday o reanic dd i t · ves a re availab e by 
whI c h t h q uenching 1'fec t of vmt.er c an b ada pt e d t o the steel 
i n q e ... tion. The quicc heat i ng ~nd co oling imposes c: onsidera l e 
s tr . s~ on the material, aI~ therefore c a re should be taKen t a t 
c l e an stee l s ( a t l G Ll~ t corresponding t o b or better to f or g 
i n 'EaDle ]. and b ). 

The cor e properties of i ndu ction and f'l OJTle 11a rdcn a d stee l s are 
depen eDt 011 .he cross-section . Select i on o f a s teel \'>11 1 1 de
p end th refore on tht:! de s ired c ore roperties a nd surfa e 
h ar'd ne <:>s . The hi e;hest p eJ.-·m'Lss i ble core s trength is l imi ted on 
the on e hand by fa to' ''s a l r a dy ciisc u sseo_ under tt Direct-hnr -
den i n cr S teels " ~ and on the uther h~,nd by t h e t emperature of' 
t he A' 1 point ( l olcL crltiual point ) . TIle higher the r eq uired 
core t re n t h , the l ower must Oe the Ac 1 point o f the s te I , 
1. e . he hiz11e r must be t h e c o n tent of alloy element.::, ( such LlS 
ni J-(el ) , \lhtl.!l1 lO\,l~r the Ac 1 point. The dire c l, .. b arderling steel." 
conta~ned i n T' b le 1 g ive ( parLly becau e of a re l n t ively mo 
des t oarbon con t ent) insl..l.f f i ' :Lcnt : l1ardness va l ue s u!1e n '. url'ace 
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I "'---' 
- hur dene". It is n'~vc thclc...,s possib_ e to sc l . cl st ~ e ls f.rom 
,11':;8G table.., and 1.. u pre . crit. ' n 1':D.l~buIl c ontent adequate for ' ,he 

desire surface hardIle3s . At t ntion must also be d l'Cl\'m to the 
f a c that by heat tie. t l ng af e r r ough cutting t he t e e th l a 
s t eel f rom a l o\ er material s grou a y be used t ban i nd:L cated 
i n Table 2. 

3. 4. 2 [\pDllccLl.ons of I nd l'"~ ti.on and FJ.:ltne Ha r dening 

In indu~t ion hnrdenlnE p l1ea tiD.t:. 1s restricted to th a r e a tJ 
be hard<..neri } b f: irlg effec ted by h i Gh or' m_ i w n fr q u ency c ur
r ents i nd uced :l.n a thll :-;111'J.' C:r: J ' y e r by nleaDS 0 1' CO.'. 1 3 0-,- ;..iU -
t abl e srw. pe . The effet:!tj ve d ·:: pt.h of pelletra t ion f t he i lld CCc.! 
c rr nt;::, 1s i nversely proportion ,I to tbe sq 8.1 'C root of t l1 
f l"equcn ~ y . 'l"'his alrca uy i II plie c• a differentiat i on be t 'leen 
h ir;h frequ ency ( over ?O k r;j. .... ) and med i um f're,_ ... uency (fr om U .ne 
f r equency up to 10 k'2 / :"' ) indu<.:tion fl:::trdeninc;: med i um f' r (}quen
cy should be Ltllp1ic ci for eL tively dec~) h0,rde !line lay ers Cllld 

h i gh rr' ~ql.l _m(;y [ OJ. ' sm:-I,l- harJ.en -nG; depths , the boundar y _y t ng 
be b.;een about (J .Olf and 0. 0 6 in. (1 and 1.5 nun hat i ng de pJh ). 

I n the case of f1arr:c hard,cning the surf ace i-, h ented by a 
f l ame generated from to .. m ea." or \1i t11 oXY- ,'lcetyl en q uipment . 
Heat pene~l"at ' on to desired depth takes pJ~ce purely b y t he r 
ma l conduct i on . F i"cm thi:::; point of view (larne hard ning woul. 
c ompo.re 1'lit11 induction hDrdenin~ a t iIlfi n lt e ly h i g h frc.;q u e ncy , 
b u t of l i m ted heating power . l~ere are import a nt difference ~ , 

hO"level~ I in t he ad a pt;:'.t,bi li ty 0.1- i...llC 11<" t ing element t o t he 
s hape of t he s urface , pal't. l y :::'0 1..he advantage and par t'y to 
the disQJv~ nta~e of flame heating : i nduction h eat i ng p e r mi ts 
a c lose follow'i n g f l ne too t h 0ontour ( o. lC'j o '\.\!i th s mal l p i t
ches ) b y ad.::.,Vting the shi:.q:>e 0 the i nt e ns i f i er and by cor rect 
c hoi c e o f frequency; the a d Clptal1 -1ity of a f l a me is i ns uf f i 
cien t fo r this purpose . On the other ha nd , fl am _ h eat i ng off ers 
c er tain o ther ad vantages, p r t i c u larly in the cas e of sp i n 
h eat ing . 

I nduction and f l a me hal -d e n i ng proc e s se s are s ubcUvid ed a s sho 'r 
in Table 4. 1'hts char i ndicates t he main fea t ures of the VE1-

riou s pro ces s e s . 

- 2.1 



------·----------------_-.-_'I::'~UCli~ ~vce\lln~ ~~' _ I l-I ~\ nl~ hhrd~. H:n~' 
Process <"Ilel En'c:ct . nu I ntt:b rrC:Qu ~ nc\' hJl('d~um In':o...Iu.::nt."Y J ) iilome.ttr and 
han.kned I plication I Dfomrocr and f) ,.InClcr , ,"ot\ d,",;lCU" pitch r 

area I.hL.mt' r ~.J nll\.h P uI.:Jfl:I.,;.;r .. JJ Plh h}J I Un(h.1L, JC IIJ) 
(moJ ... l=- m) 1 ( mauu::.;l::.;c .cfn,,-) __ 

Spin --- I n-;-J -':!.e of we; -J-J);l1lde~ : D iameter Dja~,et c r - ' 
ha rdcning rc, isr:lnce o f loo th ,ICCMdif1£ 10 a ccorti ing to I gell~r<.l Ii y u p 
e>.:clu, i\ c nanks. Benllin!~ I gcnc.r<Ll0f I gcncrawr to I !< ins. , 
of tooth fa tigue ,trcnCth not I I' O\\ C'r ; !1(,wcr; wid th

l 
(450 m m ); 

rOO l influcnc d . 1', r- I wi dth of of gel'" J '12 in. wi th specia l 
mi$. bl l}'~nd ,ng gea r III in . to 6 ins . 05 m ac hillcs 

, ~tre,s no t h igJla to 4 jl\~ . to 150 nJnl ); f' :? 4 
than fu r num1,,1I), (1 0 I II I OU in cenai n Cit- ( 11/ ;:; 6) 
qucnched a nd 1T' lI1i; sc~ up to I G ill '.. in ~,cC' ial 
Icmpl.n:d pans o f (400 ml1l ); cases 
til.: 50.111 (; steel. P,;;:. 8 1'>_5 P? 2 

(1I/ <~3 ) (m< 5) ( /II~ IL) 

I flcreasc Of\lie~r - 11"iJ ~)eU;-;: 1- D i(l me ler a;:;-
rc'Sistlln e of tr>0t h at o rding to cord ing to 
f! flnkS311 duf i.Jcn rJ illg gene ' ~ I o r i genera to ;' 
fal iguc 51 rengl h in I power; r ower : width 

mi ~s iblc ix'nd ing I g"<J r ,/ " in. to 4 ins . (35 

r)I<lnlClc r 
lip to 18 il1~ _ 
(450 mm ); 

the iooth rO(lt. P('r- w idth of o f gea r II /J in' l 

stress 30 to 50 /~ tu 4 ins . to 150 mm) ' P ::>'4 
hi crhe r tha n if (1 0 to 100 in ce rt ai n CQ - (nl~6) 
n On ll :l Jl) qUl'n.::lled Il1m) ; SC5 u p 10 I tJ I in spcc ial 
anJ tempel eli . in. (4()O 111 1'11) : ; ca ses 
P~lrll y rt;p lan:s case- 1': 5 1'2. 5 I P ?. 2' / 2 

____ ---'_hardc ned gears_ ( 1II ~ _5',,-' ___ ('!1~ i) _._ J.:?!-~ 10) 
/ rlc rC:1GC of \\'ca-r -TJ3iHm~ ler Diamt te r I D iamete r Progn'"'s ivc 

hardening 
of bo th 
fl anks 

resi st~nce of too th I l'. n lim'tcd u nl i mit~d ' llllli m it\!d 
nank, . Br.'fldi ng 
fali gue strLllglh not I 
in fl uenct'li . Pcr-
m ls,;ib lc bt,nd ir. f! 

JVVt I 
- I 

sIre'S I vt ili ~,hc r 'I 
tha n f r nonnal ly 
qu enched and 
tl'm per('d pam (If I P~ 12 1' '5. 5 P ::;' 4 

/ll ~6L 
Diameter 
unlimi ted 

Prog!'cssi\ c 
too th r,'ot 
ha rdening. 

. f\!Vt 

the same str : !. _~_-,(_/l~1 ~~32 _ __ . _ ~:,!~ 5) 
i ncr~i.lse f \\-' C(1 r 

, re sis tance of tooth 
Ilan ks and of 
b~ndi ng fall(! IIC 
strcn gt h in lite 
too th r ot. Per
missib le hcn di llg 
s( ress ~o to 50 ~/:' 
higher tha n if 
norn'iatly quenched 
[\nJ tell1percd . 
Part ly rep laces 
casc- harden"d 

D iamete r 
un limited 

g t·,ll'S. 
1' :::;: 12 

(lI/~ 2) 
--'--~ 

D i:J 1llc>ter 
unlimi ted 

p - - 5 to 7/9 P -::;' 2'!., 
(111 = 5 to 30)1 (m~ l(i)~ __ 
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3 ~ 1- . General 

lUtrlding of steel consists of the i ntroduc tion of n:l. trogen uto 
the surfCtce i o. 0. t :as pho.se ( usunl ly ammon ia ) or by molten stll , 
bat 1, Hhicb contain n1 trc h'e- c ompounds :3 lch as cya..'lide I:lllrl cyc...
l1 lltC . J.l i tro gen d1f i'u:::;Cfj i nto t.he s0ecl and causes prec ip it'--1.i..lurl 
of n i trid'_'3 i the outer l ayc;l , due to tl iC: limited so lub11it. ~ r 

of ni tr ut'.,en in steel . II"it'cl ne.:S[; is there tJy incJ:"c.;Ftsed, d epo!'J rj in ' ~ 

on the alloyi r ~ composlt.ioH of the Gtecl. Pur:,; .Lroll or steels 
\:11 l...bo ut alloy :.lbOlT no appreciable ncrease of hardL.e '3 S , al-
thouGh a 1!vlil:i. tc l etyer " oj' nitride: and iJ. dift' ~~i on ZOllG gr formed. 
ThE r?lat~:r~ly lOA ni~l'id :1. ng ~cmp(~raturf). of 930 to .1080 11' 
( S 'J'~ co 500 C) hCl.!3 tne aQvaf1t;;ae;(~ that dlSt rt on ~s ext.celllely 
sligh t.,. J3esiejes increas ing tIle 'l.::lY'drlE::Js , r. i trid i ng o. J. ::::;o c ::.:.ur , ~ 3 

a considerabl e improvement of' f at i gue strengt h. 

) . 5.2 Hi trid i ng St,:?cls 

ince nitI 'id i ng 10 npplied prine:i ally t o i n c rease the -surface 
h ardness foY' the pUl'pOS J of' li l.!.nl1I1i:';;illg 'I ar , s pecial ste I s -
n i trid i ng .steels .- have l ,e8 I! d,_ 'e loped wh ich c: outo.in element s 
enClol i ng the higne;,.;'c p0~s1blt.~ :::;urfa ce bardnes ~ to e obtaincC:i . 
[\ l umin um i.., the !no,st ill.p rtc.:..nt. u r t he el2ment~i in c ommon .8e . 
Convent ODQl nitr i dili c stee13 contain about 0.5 t o 1 . 2 %. AI . 
l\ llun i nluIIl has a very pronounr-!e t endency t o ferm ni tl 'iclcs, 
:',d e ldi ng ha --d neS8 value s of 900 to 1 0 0 V1IN . Ottll; ,L' p O"tlcrful 
nitride forml e l ement..'~ are chromil.Ull . molybd e nw. a nd vana ,[i-
um; 'Ou t they cio no t pI-'od C 8 such a high ~ urface hardnes s as 
aluminium . Chromium and Ino lybdenum in part. icular , b es ides ha
vt ng a c8nu HCY 'co\,,rards 111 t :c'idc; f ormation, a r e (!hara e terized 
by marked ly i mproving h.'11y l cfldbili ty, by wh ich the core I l'oper
tics and the conditions fo r the forma.t ion of a sound nit i decl 
1. y cr c a.n be ver y f'i1vourClbly J.ni'luenced. 

Ni triding stee ls are int r oduce :i.nt o the n i t rtding med:Lum i n 
the q u e n ched and t emp ,red condition. If the preliminary hea t 
t r eatment i~ performed after premachini ng, a fi nishing allo 
wa nc e o f a t least 0 . 08 L.U 0.12 in. (2 to 3; mm ) 11a.' to be pro
vided , i n order that n o tra.c e of de carburiza tio n is d etectab l e 
on the surface after fin i shJ.ng-machin i ng . D .carburized or part
l y d ecarburi?:ed surfaces Gaus very r i ttle n i t r id d l ayers . 
'L'lle common n i tr iding stee- s are l:Lst d i n Tab l e 5 . The a lu 
minium - free steels inc l ude,] i: re usc i n pen t iculn.r wen , in 
later o peration, t he n itr i d_ l ayer j s to be sub j ected to im
pa ct l o ad i ng under lO CQlly lligh surface pressures , ",ince the 
d i sadvantage of l i mited s urface hardness is outweighed by the 
ad l\.lantage of' higher SUt' f'Q c e toughness . Ap a rt f rom these nitri·
d i n g s t ee l s proper , D. n l.IDlb e r of Cr-alloy ard Mo .. aJ loy di re ct -. 
h ar enir~ stee l s , as per Tsbl s 0 1 Q and 1 b are also us d for 
gea.l" ; f o r exa.mple on !+2C i: )0) ' , ) 4CrNi ,106 , SAE 41lW , 11 3)~O etl.; . 

'""\J 
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~--------------------~--~~-~, ~~------------~--~~~I ---l I 1 
D- 51 nati on of Steel Al l oy Conten'C I T ns il Yield _Jitrid 

D F G3 i USA i 1 s t rength point h~ r ine 
, I % kg/ rnm2 I min. HV 

DI il FNOR BS 97 C Al Cr Mo V Ni mm kg/ mrr.2 mi n . 

Ni tl·I1 ... ~ oy ,.::, . 30- 0 . 8 - 1 . 0 - 0.15 - 60 80- 6 950 
G 0 . 37 1 . 2 1.3 0.25 100 

30CADbl2~Sn41A ) 0 . 2 0 1 . 0- 1 .5- 0 . 25- I 60- 85 - 65 95 0 
~~-4_----__ ----0-.-~3)~5 ~1~.~~~-1~.~8~~0~ .. ~~l o~--~---~1=2=O~l=O~S~~---~---

~lCrA lM()7 JWCAD6 1 2 T:2!"i4lB ) Ni tr~ 110y I 
135 ItlOO 0 .38 - o. sr - 1. 5 - 0.25 - 100 95 - '75 

A.,_S -}J,70 O,4j 1.2 1. 8 0.40 110 95 0 
113 AE 714 0 ~l-O~'O'--!) - ~""S--l:--'-------:'l 

t~ 160 ~05 6~j 
j-.C-"Al~'17 --~I------f--------f-,,0:--.--=3--::cO--- -+-0:::-.-,.O.,.----+-1 -=-1-. 5=-----+-=0=-,-=-15----+-----0-. 55 - 70- 80- ---.:;- 60--.......1--

9
- .. --0-

~~~~~--------~I-------~------!. O .~ 7 1 .2 1 . 8 O,~. 2~5~1 _ _ ~1~.~~~~-~~2~5~0~1~O~O~~j----_+_-~---
3Tcl'~.oV9 'O.2D-:-----+-------+-;;:2:-.-=3-- --+-::6 . 15 - 0 . 1- LI-O 110- j 9 0 

0 .34 2.{ 0 . 25 0 . 2 130 I 

52Lr~a12 30C~1 ~ I\ Er 4oB ) 

40- 100- I 
100 120 80 750 

~~~~~---4_----_4 

100- 90- 70 
I 

lCO 110 

I lCO 80-
I 250 95 I 60 

r 

0 .28- r 2.{) - 0.) - 'I 100 110-
1)0 

~...,.--,-~~---I-----+----

go 

I ' 1 J.60 120 800 J 
1 00- 1 00- 00 

°1 I I ~~~~ ~-·-~1~1~90-0-- ~7-0----+ 

l 

~~-.,...1o-=V=1-=3-!-1-----IIL------- '---------4"=0-. 3~-5-:-t=--"l3·----+-G~. c:"'-' ---1"7.0-. -:;;-1 .... ;:-~ +l----r-7:o::" 0~+-:.-1-:::3~0--+rl--;1;-::;1---:::0:----1--:s;=--0:::-:0:::---
. 42 I I 3 .5 1 .1 10 . 25 II 
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3 . 5.3 NiLriding Prooessc~ 

The; conventtonal nitrirlin proce"s ~r, th anmlonia was IJreviously 
applied almost exclusIvely to special niLrlding e els, Ihile 
b tb cyanidjng ( nitridin~ in Mo lten s alt ) was used al ~ o for 
o ther ste 1 types , 1n particul Qr for the nitridine f to o l s 
and .sm' 11 component::. ubject to Near . It has s ince been I rer]oG
nlzod that :reduced frictiona l Hear anllot Rlone be a..ttribui-ed 
to 11igh hClrdness, but that 1':.1 tri eo stee l su..rfaces , even ";i tll
o ut appreciable hardness 1ncl'ca:::;e, are mor ~ wear reslstan~ 
t han harder l a yers not containing ni t ragel! . Lat ter years 11, ve 
t herefore seen an increased applicat ion o f u it..ridii G to unal ·
loyed steels o r steels c untaiI j"Ilg only a smel l1 amoun of chro
mium or molybdenum. The hn:r'dncs of such s tee l s ( i ni tinl hard
ness 1 50 to 300 VEN ) is j ncr ~ :':-'.!C;ed only t o )00 t o 500 VHN; 
t heir r esistance i-o frictionaL h'ear 1s llevcrthe1cfJ as 'ely 
improved. u.r"Chermop _, in spite of the modts t increase in h' rd ·· 
ness, :hc f ... tif u st.rep~ 'Gh i s ii1:.30 constd erably i ncreased . The 
n" tr :Ldillg 0 f aluminj i..lrl1-f ee, .. !"111oyed or 101'[ a lloy G t\~els .. 
wh ether casc-h~rd.(mil1g or- rlil'oct-m1.rc1en i ng ::;tee l s -, j.s also 
knOl, n as 1!tufftridin~1I ( Tcnirf:r~rocc s, trade name ) . 

As a l ready mentioned , it nas been carried out mostly in 80ltell 
sal t baths at tenrpera'l.U1·C 01 1020 'c:o lo80°p. ( 550 t.o 580 c). 
Experie ce has ShO\'lll, rh.}\!CvCl' , th3t ni i.,ridillg of such s t ee l s 
in aHU11011ia ., e peeL lly \'Jit)! ccrtD.i!l addlti res t t.he ~ome 
elevat d tempero.VLlres, h~ n. sirllilar' effect as a salt ba1:.h. 

I n France , a simi l ar salt bath process h~s b een d eve l ope , 111 

\,lh1c suphide is ad<li tiOllC 11y for! ed in the outcrmos t surface 



layer. 1 t is c.:llled the 3\)11'1 ' UZ proc _·'3S . The purlo:"'o o f fo ri ill: 
8 UUtC:l'nt:X3t l"jI~ 01' l't~l l ;:ul t ht.l' content is prlmari y to 1n) .. 
prove the :('urmi,,;-in pl"'(JlJ~rtie;J ; the remaining e 1'1'ee ts 111' tl1'~ 
same as i n 11 U ftridingll . 'l'h,) duratioH u f trle~ . salt bath tr(;[!:...
me ts arc usually limited to 2 to -;; hour!:; . ,Since somcwhil t h1)Thu" 
tem[!t:!ratul"cs ar u:::ed l,l1.:m i n convon lonal nitridinr; , a nd sine 
the st,_ Is u.:;ed for t.he::;e trc.· · tmonts i.l.I'e \ro i d of , or contain 
onln mc~l J. quanti ties o f' 11 tride .. 'vrming e l enlents , the e;I'ow th 
o f thL. case 13 acceL.ratec . 

F i g . ( and 8 eo.np2 .. re the nl tElrlirlg J"a tl":S f or a l uminium-bea
I ' lng, nitr u ' ne; st(!f~l at 930 V ( 500° c ) in anunonia \lith 
t urrtrlded , u.n~l loyud and J.0;;1 alLy " lumll1:lun-l'Y' 'e s ;:,eel;:; . In 
t l 'S'tr:i.dir1:.l and s l~lf iruzir .. ~ , a -Jh j,t c layer 01' rJi g}1 \Il ea re
s:'L stance 1 3 fOl 'mc(1 au the :;;"lri'uCf.; . Grjnr 1n5 .3h u ld therefore 
b e avoideJ ~ft9r tl~se treatmlnt~; the parts h ould be stress 

e l leved before final machl11il1 :", to prevellt d istor t ' on durlt'lC 
ttH'; ni tridin~l; 1 roce3S. LCl.rs;e g<-O,f.' G arc not sui tee t o ttu'ftri 
di ; g or to the sulp~inuz proees3 . Howc\or, gears Vh i 'h have 
undergone the c onvent iC)ll;..;. l Dol :;Y'id~ne; tr atlJlcnt , where th 
outerm~st layer dOeS no~ have the s ame benefici ul ef f e c t on 
oJ idir,g; a0 1 n tu!'ftl'idecl PL:.C ·GS ~ C:~-fn I . Y v[el l b grolll1d . 

i 1.0. 

'r D,9 
r-=-.0.8 

~ 0..7 

_ .- - - -

V 

40. 

35,...., 
o 

30.8 :::: 
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00..6 25,g 
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% 0,5 ro.§ 
~ ~ 

0.,4 152-
~ ~ 
~,- 0..3 
~ 10. go 
2! 0. 2 5 ~ 

Fig . '"( lIi trid i no; dep th vs. ni t i "' j dine: 
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/ 
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2 
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Fig . 8 Nitrigin 
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( 26 ) 
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F A C E - H A 1\ D F: r G P:H (; C F : ~ ,S E S 

Tl"ie application f the d if f . rent surfacE; trcatrnen -s , espcc;iall:,r 
fo r large geurs , are guid~ c1 by :1'10 aspect~ = 

b) !:J i zc rill shape of the e~G::ll ' S 

c) Equl.plIIent availo.ble 

neccrnmcndc tiO!l8 1'e sUJ'nmurized .' n Table 6; hardening of the 
too:"h rout is assumetl . 

The f :Lnal choice of treL.tml:nt ui:' 1 natural y also be in luenced 
b y t11e equipment av il<:l.t)le: 

a ) For 1 i<~est tooth strength 1'e l.uirements, .; <~, e-hor-"enin 
( carb1.tl'1:..irl.g ~ nd quo..: Or-dIll:) is tlle surest method of t licroa
s ing tl1e iWcL rc ..>J::':;L~ln(;e (f' 'chI": tooth flanks, and at the 
Bi.Une tim 01-' imprn', in' tr;.c LCIiOj ng 11. tiguE! st1't:H'lgth . C:"S8-

harde: I._r,g is 11mi ~.j~ Ly it J t udcncy i, o cause dinle G ion[~l 

c. 1i_I!~:c nnd diu' art: 0); d '1' i ng n " l'de ning, 3.11d J-hel'efol"'e 12.. ,

r .. Ulh:; a second Llsse::';=:;i lent from the s1.ze and shap asrect . 
Nit "'idiI~' hBv . VJithout doubt, the sallIe cl1ar a "te---istic s 
\\TJ.tl1 reL,ard to stre>lgUl , tut 1 ts ap1J l i cut ion is .. imi t .::;d due 
t., the tllinncss of the ho.pd ca.:; ' . Ind. (:wion and fldme h aT' 
d enl t5 .. mprove "he \.'n~[lr rE;..:>is~-c...IH~e notu.b l y alld, if carrieJ 
ou t corr~~l ly, als i 1 8rcuse the ben( 'n atiguG st e .7th 
o f' the tebth . 

t,) Su scept - bilj_ty to dimensional change i n C! ase- hardeni r'6 is -to 
a grc 0 t extent d ependent O ~ the shap and bize of the eears . 
rl'l e g:t'eu.tel' the diamcter and the 1.arrO\'18r the ge8.r s , t he 
mOl'e pror~ they are to di::i~orti o n . But if 'che nece.3sai"y har
den:i.n c: equipment is a allable I wll el l"' i r;:~~ up to a cHam , er 
o f ;2 - 3 m could be c a r bUJ."ize d aI .d h:1l' encd . 

Shaf , pini ons usually distort less and 2re typ i ca l of parts 
to te carburizcd . Cas -hardenino' shoul.d 'be e onf i ned as f ar 
3.S poss j blc to t· ,. I'i(:ld ShOVJ!l in Chart 6 1.13 ., gears above: 
}t 8 :~r J ' 3. (l~OO !TIm) 11 d i2;. ll __ ter should unly 1>e c a ,;.. e- ... hardcncu.·'" 
Su.rfac _-}J.arden:i.nc; b~r ni tr :i dIng should be applicd f or par'ts 
p 8.-'ticuLI'r<i.y l iable t ... d i s tort., e . g . for D Qrr' OW gear discs 
and gear 1":LIll~- u t u r la'li vely lare;c diD.meters . Due t o the 
small dep vb o f the hardened G.:J.se ~ it 1:3 not dv i sD.b lc t o 
u s _ n i tr' iding for too c oarse pit ~hes. 7:- i f ap}:r opria te equl r= ' 
rn e ll t j s a vailabl e 
Induct ion hardenin(; ( lIF and TO:, ) Ci".D be ll se d tJ VQD f r very 
l arge Giat'18ter' s and I)' 'i;cl:::.cs. to'lame l:ardcnln .. :,'; c an be us,-d fc'.L' 
the SDlfIe I anc;e o f diariletcps as medium frequency H rJer :i_ng, 
f or diam}tral pitche.s belo\! 2 l / ? ( abov modul e 1 ) . 
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