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I N T R O D U C T I O N

In accordance, utcth. plans tin te d  in  the  "Job Description", and obje- 
t iv e ly  p o s s ib il i t ie s  in  Queritaro, with reference to  CIATEQ [Centro 
de Investigacidn у Asistencia Ticnica del Estado de Queritaro), by 
expert has been opened orientation work plan as to  professional 
a c tiv it ie s  during th e  mission performing.

Namely, owing to  the  fa c t, th a t CIATEQ. as a new in s t i tu t io n  did not 
have any programme rea liza tion  about heat treatm ent problems in  in 
dustry, i t  was in ev ita b le  need to  v i s i t  a few fa c to r ies . A fter th a t  
have been expected opportunity to  find  out eventualiy p o ss ib ilitie s  
for C1ATEQ participa tion  in  solving some technological problems.

¥or th is  purpose has been necessarly to  o f fe r  team work methodology 
au to cooperation between CIATEQ and in d iv id u a lly  factories. Besi
des th a t, have been expected some recomendations about research 
a c tiv it ie s  or in te re s t  for the  future.

Having in  mind th e  previously mentioned, a f te r  a few factory v is i ts  
rea liza tion , as an in teresting  technological problem has bzen chosen 
the problem o f banded structures on some types of forgings produced 
from case hardening s te e ls . The problem was id e n ti f ie d  in  factory  
"Engranes Cdnicos", which i s  dealing w ith machining and heat tr e a t
ment products f in a liza t jon, for automotive industry  needs.

In accordance with problem's nature, has been appreciated th a t i s  a 
t&pical problem where can be team work applicated in  order to  find  
out adequate so lu tion  uuth regard to  th e  importance of problem, the  
a l l  e ffo r ts  have been directed to th e  a c tiv i t ie s  as are work progra
mme preparation, samples se lec tion , and adequate prescription prepa
ration in  order to  be ready for program rea liza tio n .

Besides of th e  previously mentioned have been elaborated some aspects 
as to  cooperation p o ss ib ilitie s  between research in s t i tu t io n  and in d i

vidualy fac tories . Especially have been pointed out some ideas as to



petò lb llltleA  o¿ work аелеалск In te r la y in g  In CIÁTEQ.

kbout jobò which are челу Important for Industry, have, been лада ted  
pfwjectò rea liza tio n  ion. сале hardening à tee ls  hardenability г  ел ear ch 
and ал weel Ьолоп тесло-alloying òteel& гелеалск ал to  роы1ЫИЛ1ел 
In  automotive industry application.

Simultanéоил1у, кал been recomended the  bibliography ¿or. heat tr e a t
ment fie ld s  actual In  Industry.
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1. PRESENT CUTEQ’S RESEARCH' POSSIBILITIES VESCRIPTION

In order to  g ive a short ducJu.pU.on in s t i tu t io n  CIATEQ, i t  ¿6 
necessarily to  poin t out th a t i s  Queritaro C ity a. centra o^ metal 
woAking industry , which i s  r e la tiv e  young and with present techno
log ica l problejns and a& w ell with pronounced wishes ¿or ¿aster 
development in  the  ¿uture.

Just because o¿ th a t, have been increased demands ¿or work resecuich 
application in  industy, in  oAjdeA to  make possible o£ nominated a im  
A ea liza tion .

In accoAdance w ith industy needs, appro xim atively one yean, ago, was 
s e t  up th e  in s t i tu t io n  named "CzntAo de Investigaciôn y A sistencia  
Ticnica del Estado de Queritaro, A.C. " [ClATEQ). At the  moment c£ 

In s titu tio n  se ttin g  up, have been dominating the  motives as ¿allows:

- Setting up a centJie ¿or loca l industAy needs, which has to  be the  
CentAe oi m ultidisciplinaAy a c tiv i t ie s  as to AeseaAch and consul
ta tions;

- To a  known technology so lu tio n s  adapta tion  making, and as w e l l  new 

technology development;

- To be pAomoteA and bearer o^ new technics and new technology so lu 

tio n s;

- Services making to  th e  industA y, by means o^ a good libnajiy and in -  
¿ormation s is  tern based on in^oAmation bank data, ¿rom th e  U SA  

and EuAope.

Havind in  mind th e  ¿ormer m otives, in  th e  ¿rame oj$ CIATEQ's te ch n ic a l 
¿unction, was p l.n ed  th e  ¿ ie ld s  o¿ pAo¿essional a c t i v i t i e s  as ¿allows:

a) Materials production and as well materials processing, 
fa) Machining and mechanical design;



c) industria l engineering;
d ) Control in  Industry by e le c iro n ie  applica* -con;

At the very beginning o¿ In s t i tu t io n  шелк Нал been characteristic  a 
lack  i»jj experienced ¿ ta ^  and necessarily геоеалск equipment.

In ласк circumstances th e  main working e d o t t i  have a m itlo u sly  
been d ire c te d  to  th e  лp e cu la tlv e  research  a c t i v i t i e s  In  order to  
r e a l i z e  лоте иле£и1 so lu tio n s  fo r In du stry  needs.

Namely, have been performed mechanical and production procedure for 
one type 06 rotary tab le  with 250 Tons, capacity, for pe tro l o r lllin g  
equipment. Within th a t so lu tion  has been done as ¿allow :

-Has been performed sw iv e l d ev ice  red es ig n , w h jie  w ith  has been penmi- 
te d  ro ta tio n  and p o s s ib i l i t i e s  to  be low ered or ra ise d  w h ile  th e  d r i 
l l in g  mud I s  being in je c te d  in to  s tr in g  a t  5,000 pounds per square  
in ch .;

-Has been constru cted , -¿xi. ì j O to n s , ca p a c ity  th e  hook w ith  chock 
absorber, where w ith  has be л  prolonged th e  d r i l l in g  equipment s e r 
v ic e  H ie ;

- in  order to  subsitu te  imprortation, with own original so lu tio n s , has 
been constructed an in terstage  cooler ¿or large a ir  compressors;

Besides o¿ the  ¿ormer, a t  the  moment are actual the a c tiv i t ie s  as 
¿allows :

- On some type о¿ ¿orglngs ¿or automotive industry  needs, solving the  
problems conected with banded structures phenomenon

- Selection and modl¿lcatlon some s te e l  grades, In  order to  decrease 
i t s  costs, and as well achieve a qua lity  improvement;

- Periodlcaly services making as to  heat treatm ent practice, standars 
application and materials se lection;



Toa the {¡uIllac pertod theAe ¿6 £e£t a need fax methodology develop
ment 04 to  cooperation practice uilth. Indu&try, i te p  by 6tep  research 
¿taM  completion and long-termed research programme determination.
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2. WORK PLAN PROPOSAL ANV ITS REALIZATION

According to  the. JOB VESCRIBTION, the. expert l i  obliged to  p a r tld p a te  
In  cooperation with Centro de In ve itlgadón  g A iliten c la  Tecnica del 
Eptodo de Querétaro, (CIATEQ), In  rea liza tio n  oh jobi mentioned under 
Itemi Noi. 1 to  5 Inc l.

Por a iu ccea h u l participa tion  In the  mentioned job i, I t  l i  neceaary  
to  provide the  knowledge oh the  hollowing had i :

>

- To get knowi with the  predo  uà program, now actual, ai w ell ai 
with the  antic ipation  program, rela ting  to  CIATEQ..

- To g e t known with the  available aggregata /p ian ti h0/L ¿he i t e e l  
production, IJo/l th e  i t e e l  hot treatment and t$or the  heat treatment 
oh produciti, having In mind horglngi.

- To be Introduced w ith io r t i  oh technological procedura, now actual 
having In  mind the  heat treatment oh produciti.

I

- To ge t known with actual problemi ¿г°т th e  domain oh the  heat tr e a t
ment oh jhorglngi.

- To get known with the  available p o a l b l l l t l a  oh CIATEQj ai to  the  
4 equipment, the  pemonnel itahh ord the  cooperation way w ith the  In 

dia tr y  which l i  to  be o^eAed the  expert a a lita n c e .

Ahter the  above and prevloui Introduction In to  the  p ra e n t and actual 
condltlom , I t  l i  p o a lb le , through the  mutual cooperation, to  execute 
and perhorm the hollowing jo b a

1. In order to  Inform and, In  the  iame tim e, to enhace the  itahh  p£A_ 
ionnel hofl a higher motivation w ithin th e  heat treatment job i, I t  
la p o a lb le  to  organize a iemlnar with one oh the  hollowing themei•

a) Theoretical F undam e r ta li oh Heat Treatment



b) E ssential procedures In Heat Treatment
c) Technology o¿ Hooting, Temperature Holding on a Level, 

A usten itiza tion  Process and Cooling
d ) Examination o¿ the. handenability o¿ s te e l
e) Means, Vevlc.es and Equipment/ Plants ¿or Heat Treatment
¿) Control o¿ PAoc.edun.es and Means/Vevices a t  Heat Treatment, 
g) Practical Instructions ¿or Heat Treatment, having In  mind the  

control process, procedures and th e  branch/¿leld o¿ the  
application.

P articipation in  solving the  problems re la ting  to th e  heat tr e a t
ment ¿or th e  product> ¿oHoming uses:

a) Forgings ¿or th e  uses o¿ the  railw ays/ Railway carriage and 
wagon axles and ty re s /

b) Forging, ¿or th e  uses o¿ the  power/energy p lan ts, ¿rom carbon 
and alloyed s te e ls .

c) Forgings ¿or the  ship construction
d) Forgings o¿ specia l alms ¿rom Cr - Mo or Cr - Ml -  Mo s te e ls

3. Presentation o¿ certa in  experiences w ith in  the  team technology 
a c tiv i t ie s  ¿or the  production o¿ more important products.

4. Eventual recommendations about th e  possible way o¿ cooperation 
with the  Industry whlcJi I s  to  be o¿¿ered the  expert and techno
log ica l assistance.

5. Eventual by-the-way suggestions, In  the  course o¿ th e  personal 
contacts and th e  Intermediate cooperation, w ithin the  jobs con
cerned w ith th e  heat treatment. o¿ products, l . e .  w ith  th e  a c ti
v it ie s  o¿ CIATEQ.

The previous work plan has been proposed as a possible mode o¿ pro¿e- 
s s lo m l ac tl' ' t ie s  during the  mission. Having In  mind the  ob je tive  
conditions In QuerStaro, the  plan has been changed In certa in ly  de
ta i ls .  Homely, work plan has generally been accepted, with exception  
poxnts J and 2 , because o¿ the production nature and ¿actofiles needs



According to  th e  wishes and pianò to  g e t  an im p ress ion about fa c to r ie s  
fea tu re s , which are denting w ith  production and heat trea tm en t of for-  

9i n i ,  has been made a programme Oj$ organiced v i s i t s .  Having in  mind 

th e  mentioned programme i t  woa wxpected to  g e t  Aome inform ations which 
are  very  im portan t ¿or techno lo g ic a i  a c t i v i t i e s ,  e s p e d a ly  in  heat 

trea tm en t o f forg in gs. By means of mentioned, programme has been a n ti  
c ip a te d  fo r  compiling d if f e r e n t  data as {¡allows •*

a) General inform ations concerning fa c to ry  and organ iza tion  fea tu res;

b) Compiling informations concerning technological a c t iv i t ie s , (Upending 
of the  production programs, and sp e c ia litie s  o f individual factories;

c) Kinds o f a c tu a l and presen t tech n o lo g ica l problem s, and usual p \ac- 
t i c e  o f so lv in g  them, depending of nature and com plexity o f in d iv i 
dual problems;

d) Cooperation practice  wet*, professional in s t i tu t io n s , depending of
th e  nature of tech n o lo g ica l problems having in  mind th e  former mentio
ned, has been planed to  v i s i t ,  in  Q ueritaro, a few fa c to r ie s  dealing  
w ith  forgings production and w ith  forgings machining and heat 
trea tm en t f in a liz a t io n .

Because of tim e chortage, the whole plan has not been rea lized , but i :  v 
was enough to find  out in teresting  f ie ld  of a c tiv i t ie s  during the mi-
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3. ACTIVITIES FOR BANVEV STRUCTURE INTENSITY DECREASING ON FORGI MGS 
FROVUCEV FROM STEEL 8620 (AISIJ

3.7 GEMERAI BACKGROUND AS TO BANVEV STRUCTURES PHENOMENON * *

In accordance with pneviouily defined pnognamme, кал been v ii i te d  a 
ijew fiactoJiieA -in Quenitano, which have e x lo iiv ly  been deatth with 
pnoduction and pnoducti f in a liza tio n  fon the  autim otive induitny needi.

*
In one of th m , monz zxactly  "Епдпапел Cónicoi", which have been dea lt ■ 
with fongingi machining and i t i  f in a l hzat -treatment, we were in  foamed 
about veny actual banded itnuctunei phenomenon a t one type of fongingi 
pnoduced fnom сале ¡widening i t e e l  - 8620 (AISI). Became of th a t  
phenomenon have been pneient the  tnoublei a t  machining pnocedane. Aó 
a mitten of fa c t, in  салел of veny pnonounced banded itnuctunei i t i  
detnimental in fluence have had negative comequencei on machined iun- 
face quality , and in  the  iame time machining to o li  coniumption шал 
ineneaied.

At the oppontunity bf our v i i i t ,  hoi been pnonounced a wiih fon mutual 
coopenation in  onden to  decrease on eliminante detnimental e f f ec t  of 
t h i i  phenomenon.

Having in  mind peuona l expenience in  solving iuch kind of technolo
gical pnoblemi a t iome type of fonq/лел , and in  accondance with known 
data ал to  p o iiib le  mechaniim of in fluence in  iome technological ркалел 
of i t e e l  pnoceaing, the  pnopaal fon ongantzed a f fan t i ,  in  onden to 
achieve pnactical io lu tio n , кал been accepted.

Ai a itan ting  point hoi been aied a itu d y  w',iich wai performed by G.
Hour and M. Konmann, fnom "Cenino de Inveitigación de B atelle en Gene- 
bna". In the fname of th a t itudy , the banded itn u c to rc i phenomenon wai 
tneated complex ал to  i t i  d e fin itio n , onigin, p o a ib i l i ty  of i t i  in tzn -  
i i t y  decneaiing in  iome technological phaios ( fnom i t e e l  pnoduction up 
to  fin a l heat tneatm ent), and ai well i t i  in fluence on mechanical and 
technological pnopentiei of fongingi and fin a l pnoducti.
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By study 's  data, a a w elt as in  accordance, with other l i  .¿nature data 
[l, 3), the  banded structures Mere defined as material, inhomogeniety 
phenomenon which i s  usually  id e n tifie d  by mean* o f metalography t e s 
tin g , in  the  shape of fe r i te  bands and fe r i te  with peanlite  bands 
arrangeg in  succsesion in  the  secondary structure  of a polished and 
eatched ¿ample.

The banded structures orig in  was a ttribu ted  to  chejniccJL analysis 
inhomegeniety which i t  usually named ¿egnegationA. The ¿egnegationA 
have ZtA origin in  th e  phase of s te e l  so lid ific a tio n  during cooling 
procedure in  the moulds. Mamety, the f i r s t  s o lid if ie d  c r is ta ls  have 
a d iffe re n t chemical analysis in  comparison with c r is ta ls  which have 
¿ o tid ifie d  la te r . As a conAequence o f th a t, thedendriteA wlich have 
been formed during ¿ te e l ¿ o lid ific a tio n  in  moulds, are re la tive  impover 
ished oa to  aZZoying eZementA. On the contrary of th a t in  interden- 
driZLc zones aZZoying elements are present in  elevated contents. The 
influence combined by these  elements has an e f f e c t  on a u s te n ite - fe r ite -  
pearlite  transformation concerned the  phases nature which have been 
formed in  ao lid  A tate.

Therefore, the  banded Atnuctures formation have been ¿upported by 
elements with pronounced ¿egregations during ateel.I procedure so lid i-  
fica tio n , with reference to  very t i t l e  in  ao lid  ¿ to te  d ifusion, and 
which have a considerable in fluence on austen ite  fe r ite  transformation 
(Mu, ?, Cr, Mi, Mol. Just because of th a t, a t re la tiv e  alowed down cool
ing in  in d u s tr ia l conditons, takes place the participation  of ind ividual 
phases a t d i f fe ren t  temperature. Namely, in  zones with lower contents 
of alloying elements (on demoritic a x is ) takes place fe r ite  forming 
and in  the  same time carbon i s  pressed in to  in terdenaritic  cones which 
have a lower temperature of fe r i te  pearlite  mixture transformation.

Having in  mind the  former, log ica ly  can be concluded th a t by segregarions 
elimination can be insured austen ite  transformation [in a l l  zones) a t  
the  same temperature, what could have as a consequence banded structures  
elimination. Therefore, the  f i r s t  steps in  the  procedure of bandes s tru e  
tores elim ination are indispensably e f for ts  to decrease segregations 
in te n s ity  in  the phase of s te e ls  production.
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The most e f f ic ie n t  s te e ls  production procedure ал to  segregations 
redusing i s  continous s te e l  a n tin g . There are ал w ell the  other 
more expensive s te e ls  production e ffic c e n t procedures, ал ESR, or 
stee ls  vacuum Casting, but because of i t s  costs , they are out of 
the question ¿or case hardening s te e ls  production.

Therefore, in  a lack of continuous s te e l  production p o sib il.'U es , 
i t  is  necessarily to  undestake e v i d e n t  technological actions in  
the phases of c la s ica l s te e l  procedure, as fa l lo m ••

- In the preliminary phase of charge making, t r y  to  choose the  
loading material uiith a higher degree о 6 purity ;

- Improvement the  temperature conditions and s te e ls  casting speed;

- Orientation to  the  smaller ingo ts, with adequate mould's configu
ration;

- Solid ifying  tim e in  moulds improvement in  order to  acheive fa s te r  
ingo t's  cooling;

Besides of p o ss ib il i tie s  for segregations in te n s ity  reduction in  s te e ls  
production phases, as well there are certa in ly  p o ss ib il i t ie s  in  s te e ls  
processing phases for bandes s tru c tu re s-in te n s ity  reduction. In accor
dance with th a t, a t  s te e ls  processing by hot ro llin g  and furging, with 
temperatures and hot reductions improvement i t  i s  possible to  reduce 
in terdendritic  distances and as a r e su lt  to  achieve of banded structures 
in ten sity  reducing.

In the meantime, as the  most e f f i c i e n t  p o s s ib il i ty  of banded structures  
in ten sity  decreasing has been mentioned cooling speed a f te r  a u sten itiza 
tion , in  the  phase of heat treatment, which fallows products forging. 
Therefore, has been tought on isothermal annealing application, with  
fa st cooling from austenite  temperature up to  isothermal temperature 
ream formation.

As well as been pointed out a benefic ia l e f f e c t  of increased s te e l
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handenability, as to  banded stnuctune in te n s i ty  decneasing.

In oftden to  be pnoved the  e f f e c t  isotherm al annealing, have been 
pen formed some te s ts  on 4ample* fnom s te e l  "Locoft." [kfanoft.) with  
dinnenent cooling speeds fnom a u sten itiza tio n  tempenatune up to  iso_ 
thermal annealing tempenatune. By secondaAy struictift.es companision 
aftea  application d i f fenen t  cooling speeds I t  has been established  
th a t w ith ftapid cooling speed application th e  banded struictuAes have 
cUsappeoAed, and by slowly cooling the  banded struictuft.es have been 
mofte pnonounced In accoftdance with th a t, by means o f pnoperily 
cooling speeds se lec tio n  aften a u sten itiza tio n , I t  Is  possible the  
banded struictuAes in te n s ity  cut down up to  a minimum. Natunatly,
{¡oft. eveay s te e l  gnade thene is  a t ip ic a l  c n itic a l ftange of cooling 
speeds, and as w ell the  most convenient isotherm al annealing tempena- 
tune. Ju st because of th a t i t  is indispensably to  be acquainted with 
TTT diagftams fari each s te e l  gnade, and by means oh a few te s ts  o t is  
possible to  estab lish  th e  best isothermal annealing pnocedune.

Besides th e  pn eviou sly  mentioned, i t  has been considened th e  banded 

struictuAes in flu en ce  on mechanical an tech n o lo g ica l fangings pnopeftties 

In th e  meantime, th e  n esu lts  q u a n tif ic a tio n  was not sim ply because of 
mixed up th e  bandes struictuAes and non-m etalic in c lu sion s in flu en ce .

Howeveri, i t  was' veny obvious th e  banded struictuAes harmful in flu en ce  
in  th e  machining pnocedune of d iffe ften t d e ta i l s ,  as w e ll as to  m atenials 

h eteA ogin ie ty  pAopeftties, e sp e c ia lly  d u c t i le  pnopeftties in  th e  tnansven- 

s a l  d in ec tio n .

In companison w ith  th e  lo g itu d in a l d in ec tio n , d u c ti le  pnopeftties wene 

neduced fan about % tim es, in any case, such ex ten t o f d u c t i . l t y  
d iffen en ces can have v e ty  detrUmental e f f e c t  on sen vice  l i f e  in  p ra c tic a l  

fan mani im portan t item s.

3.1 TESTING PROGRAMME-PREPARATION IN SEMI-INDUSTRIAL CONVITIONS

Having in  mind the pneviously mentioned litena tune  data (7.2) as w ell as



personal experience, has been concluded th a t i s  indispensably to  
undertake e{{oats in  a l l  technological phases tn  order to  produce, 
s te e l  with minimum o{ segregations, with reference to  decrease the  
banded structures in te n s ity .

In the  meantime, token {orglnes are already produced uuth present 
banded stu ic tu res  phenomenon, then there Is  te&t a most e v i d e n t  
way to  cajiry out an Intervwntlon by means Isothermal annealing 
application.

Having in  mind th a t in  {¡aagings paoduetton, which have been { in a li-  
zed by "Engranes CSnlcos" partic ipa te  s te e ls  paoducea, {orgines 
paoducea and {orglngs beneficiary [Engaanes Ctinlcos), has been pao- 
posed to oaganlze a team work. The participants of team should 
be compounded from the aepaesentatlves o f mentioned factories  
toghethea w ith aepaesentatlve of C1ATEQ, whose duty should be p a r ti
cipation and a l t  the team woak coordination. In accoadance with th a t  
has been offered adequate working programme as has been described 
in  the  poin t 4.3 which {¡allows.
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3.3 THE CONCEPT PROPOSAL OF PRACTICAL TESTS IN ORDER TO ELIMINATE 
PHENOMENON OP BANVES STRUCTURE IN FORGEV PIECES

1. Evaluation pAesent phenomenon featu/íes, and cut the  ¿ame time, 
the  p-n.evi.ou6 technology his to  Ay, a¿ follcuis:

a) Chemical analysis o f heat¿; 
fa) The 6touting in g o t'¿ dimensions
c) Dimensions o f  ¿ toA ting  b i l l e t s  [on blooms) and coAAes ponding 

hot defoAmation note;
d) Fooglng tempeoatuAe co n d itio n s , numben. of Aeheat tA eatm ents, 

and hot defoAmation acute;
e) Heat treatment conditions [heating, a u sten itiza tio n , holding 

tim e, cooling and Z o t’¿ ¡$eatiuies;

2. SanpZe¿ ¿ e le c tio n  foA "sem iindustAlal" t e s t s :

a) Selection  of needful numbea of ¿ample¿;
b) Adequate ¿ample¿ maoking;
c) On th e  ¿eZected ¿ample¿ haAdne¿¿ measuAlng;
d) MechanZcaZ te s tin g  of ¿eZected ¿ampies ( ten s ile  t e s t  anc' 

thoughness);
e) On each ¿ampie estim a te  th e  ¿toA ting s ta t e  of th e  secondary  

stAuctuAe, ta k e  a photo, and estim a te  th e  con ten ts o f non 
m e ta llic  In clu sion s;

The secondaAy stAuctuAe has to  be I d e n tif ie d  fAom suAface to  
th e  cen tea o f p iece;

3. Estimate holding tim es, In  d l f fenent  cooling means, having in  
mind th e  IsothenmaZ tempeAatuAe of toonsfoAmotion,

4. PaAameteA s e le c t io n  foA a u s te n itiz a tio n , cooling and Isothenmal 

annealing peAfoomance;

5. Ooganize th e  method of contAol, in  oodeA to  ae a l iz e  th e  poescAlbed 

vaAiables of heat theatm ent.
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6. TeAt* n e a liz a tio n  in  "SemiinduAtnial" condition*

7. A^ten. heat treatment penfonming, {on a l l  type* o{ vaniable*,
to  canny out [on *ample piece* ) handne** mea*uncng, the  ne*uZt* 
conpaniAon, |[on each vaniable o{ cooiing, having in  mind the  
*tanting * ta te  o{ the  *econdany Atnuetune.

8. Heat treatm ent pnopo*al, {¡on induAtnial l o t ,  and te * t  nealiza- 
t io n  in  induAtniaZ condition*,

9. On th e  acciden ta lly  * elected * ample* penfonm handne** te*ting  
mechanical te* ting  and *econdany ¿tnuctune te* ting .

10. The a l l  ne*ult* evaluation, and making optimal heat tneatment 
pneAcniption;

11. PeAmanent method o{ contxaZ d e fin itio n , in  ondex to  nea lize  the  
pneAcnibed heat tneatment.



3.3.; ADDITIONAL EXPLANATION AS TO CONCEPT REALIZATION

In accordance with proposed te x t  ofa th e  concept, the  most Important 
phases are samples se lec tion  and I t s  s ta r tin g  qua lity  estimation, 
¿isothermal annealing variables se lec tio n  and I t s  rea liza tio n , and 
¿orglngs te s tin g  a ¿ter d l^ e r e n t  variables application.

As a matter o6 ¿act the  central a c tiv i t ie s  In  ¿rame o¿ the  concept
have been planed on isothermal annealing application.

*

The essence o¿ Isothermal annealing Is  rapid cooling application ¿ran 
the  austenization temperature up to  the  Isothermal annealing tempera
ture.

In order to clear up a c tiv i t ie s  described In  points three and ¿our 
[In the  t e x t  o¿ Concept) there I s  a need to  po in t out data as ¿allows:

- TTT Isothermal diagram '¿or s te e ls  In  question;
- Maximal diameter ¿or Individual ¿orglngs type;
- Decision as to  cooling means se lec tio n ,

>

By means o¿ TTT Isothermal diagrams could be se lec ted  the  austeni
zation temperature and optimal Isothermal annealing temperature.

In th e  same time, ¿or d e fin ite  ¿orglngs diameter, having In mind selec  
ted  cooling means and Isothermal annealing temperature, could be deter 
mlnated cooling parameter. Namely, by means o¿ diagrams (7) could be 
estimated need¿ul cooling time ¿or piece core to  be cooled to  the Iso 
thermal annealing temperature.

In order to  rea lize  complete variables o¿ Isothermal annealing, the  
practica l orientation procedure could be as ¿allows:

a) Heating to  th e  austen itiza tion  temperature, respecting "The Carbon 
Coe¿¿lclent', and ¿urmace heating p o s s ib il i t ie s ;

b) Holding time on austen itiza tion  temperature, with respecting dimen-



Sion 0(5 ^0AgingS,

c) Cooling ¿n selected means, ¿n accondance with pneviously selected  
panameteAS (by means with data, ¿n hand books};

d) Af5te n  cooling, as quickly as possible, put the. pieces ¿n ¿unnace 
which i s  pneheated on isothenmal annealing tempenatune.

e) Holding ¿¿me on isothenmal tempenatune should be 2 - 4 boons, 
depending ¿nom th e  ¿ongings diametet;

(5) A(5ten  holding time on isothenmal tempenatune, continue with
longings cooling on s t i l l  ain.

g) Testing penfiowing in  accondance w ith point 2 the  concept 
( c, d, e, (5), and nesu lts evaluation;

(5) A(5ten  th a t could be continued with, a c tiv i t ie s  desenibed in  the
concept, as w ell as in  points S, 9, 10 and 11.



и

4. КЕС0МЕШТ10Ы AS ТО ACTIVITIES IMPORTANT FOR PRODUCTS HEAT TREATMENT 
PRACTICE

4.1 НАШШШТУ RESEARCH OF CASE HARDENING STEEIS

Having in  mind in ten tio n  to  se le c t some in te restin g  ¿ields o¿ research 
a c tiv i t ie s  in  next period, and in  accordance with impressions in  having 
been v is ite d  ¿actories and consultations with representatives o¿ ClATEQ 
has been concluded th a t i s  necesarily to  s e le c t  something in  conzction 
with products treatment nол automotive industxy needs.

In the same time respecting the  ¿act th a t on the  products ¿ол automotive 
industry have very о¿ten been applied case hardening heat treatm ent pro
cedures, has been appreciated th a t could be vey use¿ul to  in i t ia te  a 
project rea liza tio n  as to  sub ject o¿ case hardening s te e ls  hoAdenability 
леьеалск.

Namely, in  accent times (3, 4, 5, 6 , 7) has been overcome a practice  
about sur¿ace and соле haadenability te s tin g , and in  accordance with re- 
ceived resu lts  has been ¿allowed s te e ls  se lec tion  ¿ол di¿¿erent kinds 
o¿ application.

In conection with th a t, now i t  i s  not enough on the  base o¿ соле 
haadenability to  ¿опт a judgement as to  s te e l  a p p lica b ility .

In accordance with the  ¿оптел, the  s tee ls  with en tire ly  id e n tic a l соле 
hardenability can have very di¿¿erent case hardened layer hardenability , 
what i s  very important ¿or decision making as to s te e ls  a p p lica b ility .

The deta ils as to  p o s s ib il i tie s  in  the  ¿ield o¿ case hardening s te e ls  
hardenability research have been presented to  the CTATEQjs representa- 
nive, who was in  charge c¿ a c tiv i t ie s  as to  heat treatments and queality  
products improvements. By th is  opontunity w il l  not be presented a l l  the  
deta ils o¿ case hardening s te e ls  hardenability research, bat w i l l  be 
pointed out the possibly re su lts  and o¿ i t s  possessing bene¿its.
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Ткеле^оле, by means о (5 сале hardening s te e l s  hardenabA llty лглеалск,

In  dependence ¿лот саде hardening pAoceduAe, especia lly  a t  дал carbu
rizing  pAoceduAe (d ire c t ол In d ire c t hardening) could be determinated 
the  ieatures a l ¿allows -

- Carburizing curve -in coord in a tes, салЬоп contents and л ил ¿ace d i s 
tance;

- Jominy curves completely лглеалск сале /widening s te e ls  hardena- 
b l l l t y  ¿or ¿¿¿¿erent салЬоп contents in  dependence ¿лот depth oi 
сале haAdened la y  ел;

- Isohardness питодлатл w ith  p o s s ib i l i t i e s  о <5 sim ultan eou sly  presen ta-  
t io n  th e  moлt Im portant сале hardening s te e l s  ¿eatures;

Carburizing сило ел and Jominy сило ел о$ com pletely  лглеалск сале /widening  

s te e ls  h a rd en a b lllty  але e n tin e ly  known and theAe 1л no need to  g ive  лоте 
sp ec la ly  explanations t but лоте data  ал to  iлohaлdneлл потодлатл elabora- 
Alon але In d ispen sab ly .

Namely, becausxe th e  r e s u l ts  рлел en ta tlo n  о fa сале haAdened 1аугл кал be
come 1ттепле1у, w ith  ле^елепсе to  Jominy curves a t  а 1алдел numb ел о& 
¿¿¿eAent салЬоп co n ten t, l e v e l s ,  кал been developed anotheA methods о & 
A esults рлел e n ta tlo n , One otf them Is  IsohoAdness потодлат.

In accoAdance w ith  th e  pA evlously mentioned, ¿лот Jominy cuavcs data  

¿or dl66eAent салЬоп contents (on oAlnate) and d is ta n ce  ¿лот quenched 

end o i Jominy t e s t  [on a b s c is e ) , can be constru cted  cuAves o& constan t 
/w idness- cuavcs о £ I s  о hardnesses.

The monograms ¿or Isohardnesses pAesentatlon are s e t  up on th e  basis  
0(5 su pposition s as ¿allow s :

- On equ a lly  d is ta n ces  ¿лот quenched end, th e  cooling speeds але 
equeally;

- 0(5 d e f in i te  depth o\5 case hardened la y e r , th e  салЬоп contents Is  
constan t, what I s  due to  constan t case hardening con dition s;
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These ¿appo ¿-¿Zio ni, medie. possible to  study саг, e haxdened lay ex haxdena
b i l i ty  by subsequently method.:

- Haxdness measuxlng along with Jominy t e s t ,  on the  indlvidualy cax- 
bon le v e l  constants, and ¿allowing haxdness dependence ¿xom cooling 
speeds on indlvidualy  depth о & сале hardened lay  ex;

- At ind iv idua lly  dl&tanceò ¿хот quenched end o¿ сале haxdened t u t  
coti be estimated haxdness dependence ¿xom caxbon contents a t cons
tan t cooling speed;

Isohaxdness nomogxam xepxesents a complex xevlew o¿ haxdenability 
¿eatuxes ¿ox complete carbon and haxdness xange wlch can be achieved.

Consecuently by th a t way can be pxesented vex у w ell the  ¿eatuxes o¿ 
Individually s te e ls ,  which axe e sse n tia lly  ¿ox s te e ls  app licab ility .

AH the Isohaxdness nomogxams xepxesent a common, with xe¿exence to  iso 
haxdness cuxves which show a maximum Jonimy distance ¿xom quenched end 
a t some caxbon le v e l  which Is  typ ica l ¿ox def^inite s te e l  gxade. This 
t lp lc a l  caxbon contents which belongs to  the  maximum o¿ Jominy distan
ce ¿xom quenched end, Is  mostly ¿ox a l l  Isohaxdness cuxves the same 
caxbon contents, which belongs to  the  Isohaxdness cuxve maximum, Is  
being consldexed as the  most Impoxtant s te e l  ¿eatuxe, in  accoxdance 
wlti. knowledge o¿ case haxdened lay  ex haxdenability.

This maximum simultaneously define the  caxbon contents which make 
possible to  achieve en tixe ly  m axtensitlc stxuutuxe on case haxdened 
sux¿ace a t a minimum cooling speed.

Txom isohaxdness nomogxams can be obtained vexy impoxtant ^¿oxmatlon  
as to x lgh t caxbon contents on case haxdened sux¿ace 1л oxdex to achieve 
haxdness and haxdenability maximum ¿ox case haxdened deta ils ¿xom de- 
¿Inite s te e l  gxade.

By means o¿ case haxdenlng s te e ls  xeseaxch can be get the  anwexs ¿ox 
pxactice as ¿allows:



a) What салЬоп contentò M ill cc плел pond to  th e  haadneò-4 maximum a t  
dlfifieaent cooling òpeedò;

Ы What салЬоп griadlent M ill be песглбалу In  оЫел to  achieve the  
Indlòpenòable haadneòò griadlent fiлот òuafiace up to  соле о fi а 
сале haadened piece;

с) What 1л th e  dlfifieaence among Indlvldualy ò te e l длаЛел, a t  d laect 
and In d irec t hardening рлосеЛиле application;

d} What l i  the  beòt ò tee l длаЛе ал to  achieving the  needed салЬоп 
and haadneòò gaadlentò;

e) Ном much fuiò to  be сале hardened lay  ел depth, In  опЛел to  achieve 
defilnlte hojidneòò le v e l  a t a given салЬоп griadlent

What 1л the  alloying elementò Infiluence In ò teelò , on handenabl- 
l i t y  In  соле and In  сале ¡widened lay ел, and what 1л the  Infiluence 
cfi chemical analyòlò oòclllatlonò;

In accoadance Mlth paevlouòly mentioned, can be concluded th a t 1л иле- 
fiully fioa ò te e l pnoducea to  лерлелеМл a l l  th e  ò tee l fieatwieò, and 
ал Meli fio л  òteelò benefilclaay to  have a l l  data on dlàpoòal, In  ortdea 
to be able fiort phopenly technology pnlòcrilblng.

Having In  mind th a t, could be veay uòefiully a pnoject aeaJLLzatlon ал 
to ¡widening òteelò ¡w idenablllty лелеалсЬ.



4.1 POSSIBILITIES OF CASE HARDEN!NG STEELS MOVIFICATION BY BORON 
MICROALLOYING APPLICATION

Larger part o f Queritarjo industry i s  dealing with production end 
gorging fin a liza tio n , which arc produced from case hardening s te e ls

In the  meantime, a t  there  s te e l  grades are prerent rome probiemr 
conected w ith nardenability and as w ell w ith  i t r  production cortr.
Jurt becaure of th a t there are actual ideas about rome rteeJL grader 
modification, by means of micro-alloying application. When ar in  
th is  f ie ld  in  many carer kar overcome Boron Micro-Alloying (which her 
not been applicated in  Mixico), there are wisher and plans, in  
CIATEQ, for prac tica l te s ts  in i t ia t io n .

Having in  mind useful  practice o f previous re su lts  evaluation in  
other factories or in s t i tu t io n s , by th is  opportunity can be pointed 
out d e f in i te  research and in d u s tr ia l re su lts  which have been achieved 
in  Yugoslavia, more exactly in  lenica/Mining and M etallurgical Combine 
-RMK in  lenica and M utallurgical IN rtitu te  "Hasan Brkid" (Zenica).
The re su lts  have been rea lized  on rome care hardening s te e l  grades 
destinated for defined gears types used in  automotive industry.

In accordance with previously mentioned, should not be neglected the  
p o ss ib ility  of mutual e f for ts  in  s te e ls  production and i t s  properties 
verifica tio n .

Naturally, th is  variant should previously be considered respecting  
the in te r e s t  both of partners, and a f ter  th a t could be concluded 
eventual arraignment, concerned of mutual professional a c tiv i t ie s .
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5. SOME ASPECTS ABOUT RESEARCH POSSIBILITIES IN INVUSTRY

5.1 GENERAL BACKGROUND

In accordance. with the  Increasing m edi o f an industry , i t  can be 
necessarily to s e t  up an in s t i tu te  o4 In d u s tr ia l type. The se ttin g  
up ¿иск type of Xn¿tXXuXlon¿ X¿ especia lly  actual when an Industry  
cannot fallow market demandò and own development, without in tensive  
and permanent u¿e of s d e n t i  f lc  knowledges and th e ir  tranò {¡orma tionò 
in  pra.ctX.cal ¿olutionò of ¿orne techno logic.'JL problemi.

At th e  very beginning of In s t i tu t io n '¿ estim ation there are usualy 
a lack  0(5 experienced s t a f f  and research equipment, as w ell as lack  
0(5 th e  in s t i tu t io n 'ò defined development programme.

I t  Xs understandable a t the  work beginning, because the  p r ln d p a l 
a c tiv i t ie s  are concentrated In  attempts to  so lve  some important 
problems in  industry, and by means 0(5 th a t acquire a respective ly  
confidence from industry. Naturally, th is  i s  th e  most complex 
In s t i tu t io n 's  existance period, th a t i s  why are needed great 
s!U lfulness and high le v e l o f lia b ilitie s  In  order to  choose the  
best working programe, e f f i d e n t  working methodology, and I n s t i 
tu tio n 's  development programme.

In order to  present some base Ideas as a possib le  contribution  
to  the  further CIATEQ's organization and development, a t th is  
opportunity w ill  be presented, in  a free in te rp re ta tiu n , some 
experiences in  lenlca  (S) Yugoslavia, concerned coopération 
between metallurgical In s t i tu te  "Hasan Srkld" Ze tica  and Mining 
and M etallurgical Comibine (7Ж) lenlca.

Namely, the accepted a ttitu d e  has been based on some hippethesis 
which w ill  be reported in  the  te x t  which fallows.

In accordance with the  former, there i s  a supposition th a t In  
the sphere of research a c tiv i t ie s  can be more kind of motives, k" t  

the most often is  economical motive, which, from research a d iv i -



t ie s  demanda and expects as w e ll, solving of actual technology- 
cal problems. In the. frame o  ̂ previous mentioned, there  are 
grades of complexities {¡on. research a c tiv i t ie s  as fallows :

a) Adaptation: In sp ec i f lc  conditions, knotm so lx tlo n  application  
{on. which Is  wanted centalnly adaptation, but 
essen tia lly  th e  so lu tion  I s  unchanged;

fa) Modiflcatlon•* In cases when lo ca l condltlones demand conslde-
nable adaptation on concrete technological, 
economical and soc ia l conditions;

c) Development ResearcJi: A gnade more, In  companlslon w ith modifi
cation, whene Is  pn.esen t e f f o r t  to  solve  
a concrete problème by means of pn.esent 
knowledge fund;

d) Applied research: Solving o f some concnete pnoblems, by means
of onlglnal composing o f pn.esent and provi
sioned new knowledges which are wanted In  

v order to  re a lize  Inventions alms;

e) Fundamental Research: In th is  type of research partic ipa te
' * base s c ie n t i f ic  d isc ip lines as an'

mathematics, physics, chemistry, e tc .;

Depending from the  technology le v e l ,  the partie ipatlon each of 
previously mentioned researches, are d i f fe ren t .  Namely, the  most 
developed countries are orientated on new solutions discovering.
In research a c tiv i t ie s  a t these  countries dominate applied and 
fundamental researches.

On the  other hand, under-dev eloped countries have dominate p a r tic i
pation of adaptation and modification researches. For there coun
tr ie s  Is  p r io r ity  to  use known solutions which are already proved. 
Too much participation  of fundamental research In  conditions of a 
low grade of development can be In  contradiction with actual'Indus-



t t y  necdi, and in  iuch салол the. t  a  catch function w ill  be byond 
of expected contA lbutiom . Thii p tlnc ip le  ¿л n e c a ia t i ly  to  keep 
in  mind in  the  phone of ptogtaime making, especia lly  In  acca idon
ee with actually fa c to ty  necdi, which w ill  be the  p o ten tia l i> endi
ce b en e fic ia tic i, in  the  context of the  fotmet I t  l i  wotth to  
mention th a t the  ptoducti t e i  catch l i  a vet у in te x a t tn g  f ie ld  of 
a c t l v i t l a  fon. in d u it t la l  teg io m  with a lack о4 financia l t a  out 
сел ion. equipping of new p ian ti and new technology.

Ptoducti Aeieatch one can to  undetitand ал attempti to  imptove 
qua lity  о f pA uent p toducti, ал well ал to cacate new ptoducti in  
conditio ni of available f a c i l i t i c i .  Thli type of aeieatch i  tondi 
fo t  a t lp lc a l  Im tance  whete an undetdeveloped in d u itty  can imptove 
own efficiency,  by тсапл o f a hlghet ptoducti qua lity  le v e l ,  in  
ip i t e  of the  fact of a low to te  o f p to d u c tlv ity .

5.1.1 RESEARCH PROGRAMME ESTABLISHMENT

In o tdet to be able to  c i ta b i l i  h mote deta iled  wo thing ptogtaime 
of a t e i  eat ch in i t l tu t lo n ,  i t  l i  in d li pern ably to know p tu e n t  and 
fu tu te  ptoductlon plani of th e  fa c to t lu  which ate  po ten tia l ie tv l -  
cei b en e fic ia tic i. In th e  iame tim e, i t  l i  n e c e n a tily  to  itudy  
what kind of t e i  catch a c tlv  i t i c i  could be actual, and in  ac cotdancc 
uiith the  available data eittm ate in i t l tu t lo n ' i  t a  eat ch concept.

In the  meantime, ai to  ptogtamma of Individual t a  catch t a i k i ,  in  
any caie l i  ind lipem ably  to  ptepate tcvlewi fo t  technology to n g a  
ai ate, fo t Im tance, m a tc tla li economy, fuel  economy, tim e economy 
quality  contto l and anotheti p o a ib ly  to n g a .

At t h a e  oppottunlty, th e  impottance of qua lity  contto l w i l l  be 
pointed out, became of i t i  i  peci f ie  po iition  ai a cen tta l point 
whete ate p ta e n t  a l l  in fo tm atlom  concerned of taw m a tc tla li, iemi- 
ptoducii and f in a l ptoducti qua lity , ai well ai the  completely 
p to c a i quality  i ta te .  By meam of info m a tto n i data th e te  ate  

p o i i i b i l i t l a  to define many ta ik i  whoie io  lu tto  ni demandi t a  catch



a c t iv i t ie s .

Bat fox  an e f f i c i e n t  xeseaxch woxk pxogxamming i t  i s '  necessanily  
to  have. лоте, moxe data. Namely, JUt i s  мелу impoxtant to  have 
infoxmations concexned th e  technology s ta te  a t  th e  othex pxoducens 
xelevant {ox the  actual pxoblem In  question. Neglecting th is  
apxoach could lead to  th e  p a x tia l so lu tions , what f ine ly ,  can 
have negative consequences on th e  pxoducts qua lity .

Having in  mind th e  foxmen, one can undexstand th a t xeseaxch pxo-
j *

gxairne establishm ent xepxesents an evaluation of actual pxoblem  
in  the  factoxies p o ten tia l sexvices benefic ian tes.

In the cantext of mentioned, i t  i s  necessanily to  penfoxm a l i s t  
of actual pxoblems. Eventualy numexous pxoblem do not xepxe- 
sen t a bad technology s ta te  in  th e  fa c to x ies , but on the  countxy 
a pxonounced decision to  do moxe xapid technology pxogxess.

When the  l i s t ,  of actual ta sk s , has been estimated, as next phase 
i s  the  p x io x itie s  d e fin itio n  depending o f actual needs in  in d iv i
dual {actoxies. Aften th a t, i t  i s  necessanily fox the  p x io x itie s  
which have been chose, to  pxepaxe a contxact pxoposal. Aften 
coxxesponding considexations th e  contxact can be accepted as a 
document with defined xes pons a b i l i t ie s  both of paxtnens, as to  
deta ils o f financia l, texmination and othex conditions impoxtant 
fox pxoject xea liza tion .

5.1.2 RESEARCH PROGRAMME REALIZATION

Reseaxch pxogxamme xea liza tio n  xepxesents an essence of s c ie n t i f ic  
xeseaxch a c t iv i t ie s .  This type of pxofessional woxk i s  usualy 
compound fxom two components:
- Speculative;
- Experimental;
Speculative woxk, as a mattex о fact,  i s  a thoughtful xeseaxch 
a c tiv i ty , whene, by means of detenminated data and infoxmations,
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there axe p o s s ib il i t ie s  to  find  out new combinations, ox to  create 
a new so lu tion . The usually  aux ilia ry  means a t  th is  woxk axe profe
ssional L itera tuxe, M uting ta b le , drawing s e t  and computation means 
where especia lly  thexe axe almost In d e fin ite  numbex of possible  
combinations by computex using.

Regaxdless on specula tive xeseaxch p o s s ib i l i t ie s  the  xea lly  s c ie n t i f ic  
xeseaxch woxk cannot be imagined without pxactlca l expeximents. The 
experiments sign ificance i s  laxgex, when the  te s te d  phenomenon is  
le ss  known. In the  sphexe of expeximents i s  very important to  fallow  
ru le , as t i t l e  as possible expeximents, and txy  to  xeceive as much 
as possible informations.

In accoxdance with th a t, thexe axe p o s s ib il i t ie s  of laboratoxy and 
sem i-industria l expeximents where one can xeceive much useful x esu lts , 
with spending no much of te s te d  m aterial.

Industria l expeximents should be performed, when the  espeximental r isk  
i s  put down up to  the  minimum.

In order to  be capable to  perform re a lly  woxk xeseaxch, a xeseaxch 
in s t i tu t io n  needs experienced s t a f f  and xeseaxch equipment. The 
contemporary method fox solving technological problems mostly has 
a m ultid iscip linary character, and th a t i s  why a pro ject rea liza tion  
i s  being performed by professional teams, compounded from profe
ssionals o f d i f fe ren t  sp e c ia lit ie s , depending from the  nature of 
concrete ta sks.

The benefits of such working teams axe p o s s ib il i t ie s  to study some 
problems more complex and in  d e ta ils , what is  usualy beyond the  
means of an ind ividual. In such working teams, the most important 
part i s  how to  coordinate the  woxk of a l l  participants and in  the  
same time d irec t them to  the  best so lu tion  defined task . Because 
of tha t, the  project manager has to  have wide technology knowledges 
range, and indispensable comunicatlons h a b ility . Having in  mind 
tha t, he has to  be able to  in te rp re t d i f f e re n t  xesu lts  in  individual 
subsectors of the project, in  order to  re a liz e  the best project solution.



5.7.3 RESEARCH RESULTS APPLICATION

E sp ec ia lly  consideAable phase o¿ AzszaAch woAk AzpAzsents A ea lizzd  

AzsultA a p p lic a tio n . U sually i s  expected ¿Aom the. AzszaAch OAdeAzd 
to be the. most A esponsible ¿oa o^ eA zd  so lu tio n s  a p p lic a tio n s . In 

th z  meantime, in  pA actice can e x is t  cU^ZAznt s i tu a tio n s  as ¿allows:

- Thz a p p ltc a tto n  o¿ o^ zA zd  so lu tio n , tooth d e lay  w ithou t Azason;

- Because o¿ new technology intAo du etton , w ith  d e la y  ofa o^^zAzd 

60¡Lotton a p p ltca tto n ;

- To be modt^tzd th z  o^ zA zd  so lu tio n , what can have dzcAeasing tn -  

¿luzncz on th z  pAZvioUA AZSZOAch Z^OAtA;

J uAt bzcauAZ o¿ th a t ,  I t  i s  nzceAAaAtZy ôa th z  pA oject manageA to  be 
A esponsible £oa pA ojzct a p p lica tio n . ThtA Za ZApzctaZZy tmpoAtant 
tn  th z  AzooaAch phaAZ, havtng tn  mind manageA's du ty  to  ¿ind ou t th z  

beAt tn  pA acttcz  ¿ za s ib le  AoZutton.

In accoAdancz w ith  th a t ,  ofa ApzctaZ impoAtance i s  th z  coopzAatton  
pA acttcz w ith  pAafizAAtonalA tn  ¿actonies which oaz dealing w ith  

pAobZemA tn  qu estion , to  be in clu ded  tn  pA ojzc t A za liza tio n . By 

th a t  way w i l l  be zasizA  to  oveAcomz a c tu a l pAoblem ofa h a b its , which 
oaz pAzsent a t  zveAy new so lu tio n  a p p ltc a tto n  and can be a baAAteA 

o6 A za liza tio n  a l l  p o ss ib le  b e n e f its .

Besides o£ th a t  th z  pAo^zssionalA p a A ttc tp a tto n , which oaz employed 

tn  pAoductton, i s  o  ̂ gAzat b e n e f it  ¿oa them, because taking pant 
in  so lv in g  some d e f in i te  pAoblzms th ey  ta k e  adventage o  ̂ knowledge 

and expzAiencz enAichmznt. Having in  mind th a t ,  theAz i s  a chance 
to  estim a te  betteA  p o s s ib i l i t i e s  ¿oa AzszaAch sta¿¿ s e le c tio n  and 

to  bu ild  up th z  AzszaAch in s t i tu t io n  p o te n tia l .

5.2 WORKING METHOV PROPOSAL FOR CUTEQ;
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Having in  mind the. base points of v im  described in  FT. 6.1, as well 
as the. endeavours fo r  C1ATEQ to  be a research in s t i tu t io n  with ade
quate reputation, i t  i s  necesarily, in  th e  very nearly fu ture, to  
undertake the  fallowing:

1) By means of complex and deta iled  ana lysis, i t  I s  necesarily to  get 
acquinted w ith th e  present and future production's programmes of 
factories which are th e  services benefic iaries.

In accordance w ith th e  programmes contents, t r y  to  define the  
main fie ld s  o f CJATEQ’s research a c t iv i t ie s .

2\ In order to  estim ate research plan for 1982 year, in  cooperation 
with th e  fac to ries professionals in  the  s ta te  Querttaro, i t  i s  
necessarily to  prepare a l i s t  of actual technological and other 
problems.

From th is  l i s t  s e le c t  the  priorità  pa, and study which fcoblems 
could be solved in  ClATEQ's Arraingement.

3] For each se lec ted  problem, which can be solved in  ClATEQ's arran
gement, i t  i s  necessarily  to  prepare the  "Program Research Propo
sal" with th e  contents as fallows:

- The actual problem's description;

- Possible way o f problem's so lu tion , with description the base 
phases of rea liza tion ;

- Necessary te s tin g  m aterial and eventualy other in s t i tu t io n 's  
services;

- The price of pro ject rea liza tion;

- Necessary s t u f f  number with defined sp e c ia litie s ;

- The date of p ro jec t rea liza tion ;

The offered "Research Programme Proposal" has to  be considered 
with the  serv ice  beneficiary, and a f te r  th a t can be a contract 
concluded. In th e  contract has to  be defined the  responsabili-



l i t i e s  both pa itn zn s, ал to  d e ta i ls  described  in  the. "Research

Pro gramme".

4) Each p r o je c t  r e a liz a t io n  to  саллу ou t by тгапл o£ " S p ec ia lis t 
Team" which кал to  be compounded ¿лот s p e c ia l i s t  in. ¿actories  

which але th e  se rv ic e s  bene^iciaAie&, ¿лот CIATEQ rep resen ta 
t i v e s  and o¿ th e  s p e c ia l i s t s  ¿лот th e  another in s t i tu t io n s  о л 

¿ a c to r ie s .

The jobA Ьеалел in  each pA oject iA "The PAoject Manage*t". In 

accoAdance w ith  itA  A Z A ponsabilities, "The PAoject Мападел" 
haA to  роллелА a wide technical. knowtedgeA лапде ал w e lt ал 

comunicattonA a b i l i t i e s ,  to  be capable ¿oa AuccAeAA¿ut¿y pro- 

j e c t  A ea tiza tio n .

Вгсаилг о ¿ a c t i v i t i e s  nature, "The PAoject Мападел" must be 
AepAeAentative o¿ CIATEQ. In th e  meantime, having in  mind 
иглу l im ite d  питЬел o¿ expzAinced pлo¿eAAionalA in  CIATEQ, i t  

iA n e c c e sa r ily  to  consider even tu a lly  p o A A ib itity , ¿oa pA oject 
тападел, to  be ¿лот th e  anotheA in A titu tto n , but only in  ¿avoun 

o¿ CIATEQ.

5) In oAdeA to  be capable ¿oa th e  pA oject Ahythm and contents  

A ea tiza tio n  ¿allowing, i t  iA n e c e ssa r ily  to  о Agonize an "A dviAZAA 
Team" compounded ¿лот experienced тападелл in  CIATEQ and ¿acto- 

Ates szA vices bene¿iciaлieA . In th e  phase o¿ th e  pA oject r z a l i -  

za tio n , th e  base th e  "Team's” ta sk  I s  to  саллу out permanent 
su p erv is io n  and con su lta tion s in  OAdeA to  in s  иле th e  coAAect
pAo¿zAslonal le v e l  by th e  pA oject o¿¿глгd so lu tio n . Besides th a t  
th e  "Team”, as w e lt, i s  AZAponsible ¿oa pA oject r e v im  and 
appA ectation as to  th e  pA ojects in  pn actice  a p p l ic a b i l i ty .

6) Foa th e  adequate woAk лелгалск e¿ ¿ ic izn cy  o¿ s p e c ia l impoAtance 
i s  th e  l e v e l  and mode o¿ payments ¿oa a l l  in  th e  pA oject r z a l iz a -  
t io n  p a A tic ip a n ts . Having in  mind th a t  i t  i s  in d isp en sa b ly  to  

determ inate a sa la ry , ¿oa a l l  in  th e  pA oject A ea tiza tio n  p a r t i c i 
pan ts, in  accoAdance w ith  gAade o¿ woAking and pлo¿eлsional
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contribution. This approach oi proiessionals payment represents 
an additional incen tive  ion. proiessionals motivation as to  taking  
pant, in  th e  individual projects finaliza tion  th a t is  in  the. same 
time, a very pnoiitable investm ent, because oi realy  p o ss ib il i t ie s  
to  insane an extended pro iessionals number, uihieh one dealing 
u ith  wonk research.

By th is  way, the  pno iessionals which wene taking pant in  the  s o l
ving some technological pnoblems, could take adventage oi enrich
ment thulA knowledges and experiences.

As a consequence, th a t can be veny use iu l ion the in  evenyday wonk

Besides th a t, the  pnoiessionally qua liiied  s ta i i  in  industry w ill  
be In itia to r s  oi many jobs and projects which w ill  represent the  
existence iutune oi C1ATEQ.

This kind oi working method in  the  same time w il l  contribute to  
CTATEQJs popularization and to  insure much, be tter p o ss ib il i tie s  
io r experienced research s ta i i  se lec tio n , which i s  already proved 
In  research a c tiv i t ie s .

7) In a lack oi research equipment and necessaryly s ta i i  experienced 
number, but having in  mind the  CIATEQ’s wishes to  be able to  
o iie r  as much as possible services to  the  industry, I t  Is  in d is 
pensably to  undertake In tensive  a c t iv i t ie s  In  order to make the  
acquaintance with a c tiv i t ie s  and p o s s ib il i t ie s  oi the  other I n s t i 
tu tio n s .

This Is  o i specia l importance ior the  properly orientation In  
cases when are necessarily the  s ta i i  and equipment irom the  
another In s ti tu tio n s . Naturally, in  the  to ta l  project quotation 
sho’j ld  be included the  part as to  the  services costs.

i) As a i in a l aim in  research in s t i tu t io n 's  physiognomy estimation  
one can understand proiessional s ta i i  and research equipment 
possesion.
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But, in  both cases i t  i s  n ecessa n ily  to  a c t  su ccesive  and ca u tio s-  
l y .  Namely, th e  AeseaAch s t a f f  should be. brought fAom Indus tA y, 

but having in  mind th a t  s t a f f  formation pAoceduae ta k es  th e  tim e, 
theAe i s  no p o s s ib i l i t y  in  6 ho A t tim e to  insuAe needed s ta

As to  AeseaAch equipment a c q u is itio n  i t  i s  a lso  needed to  a c t  
ca u tio u sly , u n t i l  th e  a c tu a ly  and Aealy needs have been completed 

Namely, i t  i s  necessoA ily  to  s tu d y  as much as p o s ib le  what king 

of equipment i s  a v a ila b le  in  di f f eAent  facto  Aies ClATEQJs poten- 

t i a l y  s e rv ic e s  b e n e f ic ia r ie s . In accoAdance uiith th a t  tAy to  
estim ate  i t s  u t i l i z in g  Aate and even tu aly p o s s ib i l i t y  to  use foA 

ClATEd’s needs.

i
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6. S U M M A R Y

In accordance with data described in  points 3, 4 and 5, during the. 
mission have been undertaken e f for ts  which have been concentrated 
on ranges as fa llow s:

- Professional e f for ts  in  order to  eliminate the  banded structures  
phenomenon, which have been actual on forgings produced from case 
hardening s te e t  B620 [MSI);

- Considerations work research p o ss ib il i tie s  in  order to  in te n s i fy  
eff iciency о l  CJATEQj

- Recommendations performing about professional a c tiv i t ie s  in  ike 
future, which are important for products heat treatm ent practice.

As to  previously mentioned, has been considered the  banded structures  
phenomenon [Pt. 3) in  many aspects, and in  the  sometime has been 
prepared and offered th e  concept for research and banded structures  
elim ination. Besides th a t  have been established immediate re la tions  
with factories, and as a consequence have been pronounced i t s  wishes 
for permanent cooperation by methodology of a team work.

With regard to  ClATEQ as a young in s t i tu t io n  have been appreciated 
th a t should be useful  to  sugest some a ttitudes about cooperation possi
b i l i t ie s  with industry. In accordance with th a t has been proposed 
corresponding working methodology for C1ATEQ.

With regar to  a lack of experienced s t a f f  and research equipment, but 
respecting the  wishes for  CIATEQ. to become, as soon as possib le , an 
e f f i c i e n t  in s t i tu t io n , have been sugested some project rea liza tions  
(Pt. 5). These projects re la te  to  case hardening s te e ls  hardenability  
research and as w ell as to  i t s  modification by means of Boron Micro
alloying application. The projects are very a tractive  because of po
s s ib i l i t i e s  of i t s  rea liza tio n  by means of anothers in s titu tio n s  and 
factories equipment.



32

7. A C K N O W L E V G M E K T S

The authoA fee ls  obtied to  expAess his deepest thanks to  UMJVO foA 
supponting candidatuAe about the  se lec tio n  fa a our. Expent in  Thenmal 
TAeatment in  QueAitaAo, Mexico.

In the same time as w ell, many thanks to  CONACyT and CIATEQ. [Mixico] 
faA offeAed confidence, help and h o sp ita lity  d'jAing the  mission 
nealization.

Besides of men^-i.oned should be pointed out th a t i t  мал a useful  
oppontunity fox pAofessional expediences exchange, and immediately 
has been taken adventage of making the acquaintance in  onieA to  
continue the  mutual coopenation in  the futuAe.



33

B I B L I O G R A P H Y  

(ABOUT VATA LISTEV IN THE REPORT}

1. KARL - ERIK THELNING: "StzeZ and iÀA Heat Tneatment", pages 758, 180,
193, 221-222, 227;

2. HANS JOACHIM ECKSTEIN: "Technoiogtz deA WaAmebehandZung von S ta k i" , 
pageA 417-418;

3. ME/ER: "Tea Ein^luA6 von LegteAungA-àtufâen aufi d ie RandhantbaAkeUt von 
Ein&atzAtakZen", Stahlund EiAen, 76 (7956), He^t2, Pages 68-78

1
4. MEYER: "Vie RandhoAtbaAkeit oJLa KnUteAUum deA EinAtzAtahZe", BeAg-Und 

HuttenmaniAche Monat&heite, Jg. 105, 1960, PageA ■292-301

5. GURLEY, HANNEWALV: "VeveZopment and Application o6 gAdneAé Viagham" 
MetaZ TAeating YoZ. 7, No. 3 /  Mag-June, 7956 / ,  2.6, 32, 33;

6. RUFFLE: "Goa Can.buAU.zxng and Goa HaAdenability, Some. BaAic Vata”,
Metal TAatment and VAop Fonging, lloi. 25, No. 158/Nov. 1958, Pages 475-481

7. HALGREN SOLECKI: f'Ca4e Handenabitity oi SAE 4028, 8620' and 4815 SteelA"
SAE Tnaw>action& 1961, PageA 662-676.

8. KAPETAN0V1C : "WoAk AeAeaAch po&AibilitieA in. InduAtAy" (ZectuAing 
to the. technical pno^eAAionalA}.



34

S. BIBLIOGRAPHY PROPOSAL FOR ACTUAL HEAT TREATMENT RANGES 

8.1 STEELS HARDEN ABILITY TESTING

1. GROSSMANN M.A., A. AS I MOW, S.F. URBAN: Handenability i t s  Relation  
to  Quenching and Some Q uantitative Data, Hardenability o{ Alloy 
S tee ls , Am. Soc., Metals, Cleveland 1939, &ta. I l l

2. HAUDREMONT E.: Handbuch der Sanders tahlkunde, Spring er-Venlag- 
Bentin 1956

3.  * STUHLMAN: Edlndrucke and Beobachtungen in  amenlkaniscken Hartereien,
HaJtlen.ei.-Technlsche M itteilungen, Bd 7/ 1951/ H 1, s t r . 23

4. ASTM A 304-66: Standard specifica tion  {¡on. Alloy Steelbars to  End- 
quench Handenability Requirements, ASTM Standards, Pant 3 ASTM, 
Philadelphia.

5. WEVER F ., A. ROSE: M itt, K. - With, Inst .  Eiseforsch, Bd 20/1938/ 
Str. 55-60

6. GROSSMANN M.A., E.C. BAIN: Principles o f Heat Treatment, ASM 5 izd .  
Ohio, 1964

7. METALS HANDBOOK, 8 th .  EDITION 1961. 1, s t r .  189-216, ASM, Metals 
Park, Ohio.

s: HODGE J.M., M.A. OREHOSKI: AIME Techn. Pubi. No 1800 Met. Techn. 
12/1945/.

9. BURNS J.L. T. L. MOORE, R.S. ARCHER Quantitative Hardenability,
* Trans. Am. Soc. Met. 16/1938/ 1, s t r .  1-36

10. KRAINER H., M. KRONEIS: Untersuchungen uber die Austeniiirnmndtung 
teg ien ter  Bajustahle bei Unterkuhlung, Archiv for das Eisen-Hutten- 
wesen 22/1951/H.7/8, s t r .  231 - 244

11. PETER W., A. ROSE: Einftuss der Vensuchsbedingun'gen bel der S tir -  
nabschreckprufung von Stahlen, Arvhiv fur das Elsenkuttemiesen, 
1161951/H. 9/10 StA. 303 - 312

12. GARBER W., U. YUSS: Die Hartbarkeit und Vergutbark e l t  der Stahle, 
Roll, M itt. Bd 7/1948, s tr .  13-49.

13. SCHATTKY H.: Die Absckreckhantbarkelt von Stahlen and ik re  Prufung, 
Stahl und Elsen 70/1950/H. 21, s tr .  909-925

14. AREND - NEUHAUS: Die Hartbarkeit des StaM.es, Veri. Girardet - 
Essen 1955.



35

15. CRAFTS W., J.L . LAMONT: HcAtbaAkelt und AuiaaJnl von Stahlen,
Spuing ZA - VzaI .  1954.

16. WEH, Stlnnabidrn.&ckweAAuch zua PAufiung dzA HaAtbaAkzlt von 
Stahlen, StahlzliznpAufiblatt 1650 - 51

17. ASTM - A 255-48 T: Method ofi End-quench T e it ion. HoAdenablllty 
ofi S tee l, ASTM, Philadelphia/ Pa.

IS. AS1M0U M., E.F. CRAIG, M.A. GROSSMANN: CoAielation between 
Jamlny T u t. and Quenched Round B au , S.A.E.J.Bd. 49/1941/, 
itA . 283 - 292.

19. PETER W., H. HASSVENTEUFEL: Auaogefiahlgkelt dzA StlAnabichAeck- 
pAufiung und dei Z z lt - TzmpzAatuA - Urrvxmdlung- Schaublldeo fiua dai 
EngebvUi dzA HaAtung van Runditaben, S tah l und Elizn 87/1967/
Na. 8,20 apA. i t ! i. 455 - 457.

20. ATLAS ZUR WARMEBEHANVLUNG VER STAHLE, M ax - Planck I m t l t u t  fiuA 
Eli enfio Ai chung und WEH, VuueldoAfi 1954/58

21. WYSS U. : Auiwentungimogllchkeiten dzA HantbaAkeltipAufiug nach 
Stlnnabi chAeckmetho de, HantzAZt - Tzchnlichz M itt. - Rtzbzmahm,
8d. 6, H. 2, itA . 9 - 4 0 .

22. POST C.B., M.C. FETZER, W.H. FENSTERMACHER: TRANS. A.S.M. 35/
1945/, itA . 85.

23. ROSE A., L. RAVEMACHER: WeltzAentuiicklung dzi StlAnabichAeckveAiuchei 
zua PAufiung dzA HaAtbankett von tlefieA etnhantzndzn Staklzn , Stahl 
and El ie n  76/1956/ Na. 23. itA . 1570 - 1573

24. KAVSER, THOMSON, BOEGEHOLV: End Quench T z it  fio A Vztenmlnlng the  
HoAdenablllty ofi CanhuAlied S te e li ,  Tnam, A.S.M, Voi. 45/1953/,i tA .  
1056 - 1070

25. MEYER, "VeA Elnfiluii von LegleAungutofifien aufi die RandhantbaAkelt 
von W lmatzxtahlen”, Stahl und Elizn, 76., 1956/, Hcfit 2, itA . 68-78

26. MEyER, "Vie. RandhantbaAkzlt a li  KnltzAlum dzA E lm a tz ita b le" ,
BzAg - und HuttzAnmannliche Monatihefite, Jg. 105, H. 11, 1960 
itA . 292 - 301

27. GURLEY, HANNEWALV, "Vevzlopment and Application ofi liohoAdnzii 
Vlagnam", Metal TAeatlng Voi. 7, No. 3/ Maj - Junl, 1956/, 2, 6,
32, 33.

28. RUFFLE, "Gai CaAbuAlzlng and Caie Handenablllty, Some Baile Vota", 
Metal TAeatment and Vnop FoAglng, Voi. 25, No. 158/Nov. 1958/, i tA  
475 0 481

29. HALGREN, S0LECK1, "Caie Handenablllty ofi SAE 4028, 8620, 4620 and 
4815 S te e li" , SAE Tuamactloni 1961, itA . 662 - 676.

30. ATLAS - HARDENABJL1TY OF CAREUR1SEV STEELS, Climax Molybdenum 
Molybdenum Company.



36

31. SCHMBER О. : Zum РлоМе/п deA (tlasuri£be.handeZbaAkesùt, НалСглеХ-Те.chncòcke. 
liütteÂMmgeAn, Bd. 21/1956/И Z, ò-ùl. 102 - 110



37
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DP/MEX/77/008/11-13/C/31.3.3

PoAt TitZz Expent in  ThznjmaZ Tnzatmznt

Donation ■ Onz month

Datz nzquinzd AA AOOn <Z6 pOAAibZz

Duty Atation Quznitano

Dutizi In co-opznation uiith th z ConAzjo NacionaZ dz Cizncia 
y TzcnoZogZa [CONACyT], th z  zxpeAt uiiZZ gznznaZZy 
aAAiAt th z  Czntno dz InvzAtigacidn y AAiAtzncZa TicnZ 
cxl dzZ EAtado dz Quznitano (CIATEQ.) and, monz panticu 
ZanZy, mJLZ adviAz thzm on th z monz impontant aApzctA 
o£ hzat tnzatmznt nonmaZZy uAzd in  induAtny. Spzzi^i- 
caZZy, th z  zxpznt iA zxpzctzd to:
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^JEJCATJONS

¡sua gi

GROUND
- о т п м

1. Organise a t le a s t  one ¿ m in a i and! or ¿hoot course on the  relevant 
cu p e d i  о heat treatm ent, dealing especia lly  w ith modem methods 
and current trends, leve ls  o£ production, standards and qua lity  
control;

2. As s i s t  CIATEQ in handling ¿peda le  consulting and advisoty request 
received ¿rom industry in  th is  ¿ield;

3. Make sp e c i f ic  recommendations to  CIATEQ. concerning i t s  develop
ment plans and technical services ¿or indusviy  re la ted  to thermal 
treatment;

4. . Advise CIATEQ. on training programmes ¿or i t s  technica l personnel
and recommend in s titu tio n s  in  which these programmes could be 
carried out;

5. Provided bibliographical and documentary material on the  sub ject 
о¿ thermal treatment ¿or the  ^.¿ormation u n t i l  o¿ C7ATEQ.

The expert w i l l  also be expected to  prepare a ¿inai report, se ttin g  
out the  findings o¿ his mission and his recommendations to the  -Gover- 
ment on ¿urther action which might be taken.

Extensive technica l and in d u s tr ia l experience in  the  ¿ield o¿ thermal 
treatment; a b i l i ty  to  organise and conduct seminars and courses.

English; knowledge o¿ Spanish essen tia l

CIATEQ. has only recen tly  been included in  the  project being carried 
out a t the  Centres Regionales de InvestigaciSn у A s is ten d a  Tecnolò
gica a la  Industria  (CRIAT). U ntil now, i t  has won the  co^idence  
o¿ the metalworking industry in  Querétaro which ss the  centre o¿ i t s  
a c tiv i t ie s . In order to  a s s is t  Hus Centre to  get o¿¿ th e  ground and 
to demonstrate i t s  po ten tia l use, a series o¿ short-term  experts should 
be provided to  guide CTATEQ. and to  o¿¿eл practica l in s tru c tio n  to the  
industry in  the  main subsectors or problem areas o¿ metalworking, one 
o¿ which i s  thermal treatment.
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