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Abstract: The paper presents the technological aspects afgasing combined liquid and solid phase.
Combined treatment goal is to get parts and autoraatomponents by surface modifiggchnological
aspects analyzed include: the technological prilegipxperimental process flow analysis, interprietat

of preliminary resultsNovelty consists in obtaining superficial hardedagers of the vehicles parts by
the implementation of the processing technolog@shined liquid and solid having the following main
phases:

Phase 1 —superficial micro-alloying directly in thiguid phase, achieved by the interaction of tiqeit
steel with the layers deposited on the mould walle successive layers deposited on the mould wall
have been obtained using a paste having as badeatidening mixture with the composition of 40% me-
tallic powders and 60% carburizing powders;

Phase 2 —hardening thermal processing id made idaction heating installation using treatment cy-
cle-diagrams previously established depending enbtase material of the vehicle part and on the com-
position and structure of the superficial layerdaibed following the superficial micro-alloying dictly

in the liquid.

Phase 3 - final heat treatment, using a varianteheing on the chemical composition of the base mate
rial (vehicle part core), composition and structwkthe superficial layers and the real stress ardvice
conditions of the vehicle part.
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1. INTRODUCTION « in the second step the final hardening heat praugss
chieved by induction, two physical-chemical pheaem

The technology has as objective the achievement Oﬁon taking place simultaneously: martensitic haimgn

the hard superficial layers at _the sulrface qf thhuslgs and formation of the hard chemical compounds in the
parts and component parts with a view to increatfieg

s . superficial layer [10];
performances and the reliability of these ones gisin, in the third step the final heat treatment is aghiein

new technology. Having a strong physical-chemical several variants depending on the chemical comipaosit

stability and high mechanical resistance to shotks, of the base material, the composition of the sigiatf
micro-alloyed and hardened superficial layers rspne layers and the conditions of stress and servic¢hef

the optimum solution that permits the increase tef t vehicles parts:

durability of the component parts for auto-vehicl€be parts, .

proposed technology presents a degree of novehiy'anthe gompl_exny results from the corre_latlon of tls_asults
obtained in the three steps conforming to the irgaia

complexity that consists in the followings: £ th hemical i f the baselst
in the first stepthe micro-alloying of the superficial of thé process (C. emical composition of the basel,s
layers of the auto-vehicles parts is achieved tireén phem|cal composition of the micro-alloying and hmd
the liquid phase. The hardening mixture is in therf of ing paste) and the output Qata of t.he process (

and structural characteristics obtained using tbhegsed

a paste constituted by 40% metallic powder (niCkeI’technoIo comparing to those of the vehicles pabis
chromium, vanadium) and 60% carburizing powders,_. 9y paring ; i
tained by the classic technological variants) [3, 8

(charcoal, barium carbonate, coke, calcium carlmnat
sodium carbonate, a binder) [5].

2. THE PRINCIPLE OF TECHNOLOGICAL

PROCESS
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E-mail addresseselstefan@hotmail.contS. Velicu), tion (Fig. 1). The prlnC|p_Ie of Fhe. technologllcabpess—
acorabieru@yahoo.corfA. Corabieru)pcorabieru@yahoo.com ing based on the combined liquid and solid phase co

(P.Corabieru)procomimpex@yahoo.cof®.D. Vasilescu) sists in:



228 A. Combieru et al. / Proceedings in Manufacturing Systetu. 8, Iss. 4, 2013 / 22232

Table 1
The chemical composition of paste microalloyed PM
1(@pt)

Composition paste microalloyed, %

Symbol p'c\)/lwe(tﬁZsz Carburizing powde60%
oy %
Yy

Ni|[Cr|V CharcoJBaCQCocsCaCQNagCCkBinde

PM 141412 35 5|15 2 2 1

flnduction thermal processina
the solid components of the
| surface layer micro-alloyed
directly from the liquid phase
1.induced currents; 2. gap;
3. hardening mixture;
4. superficial layer
microalloyed; 5. inductor

1. Preparation paste microalloyed PM: metal powders
40% + carburizing powder 60%.
Microalloyed paste is the main activator of mictogbd
process (Table 1).
2. Preparation of the mold includes the following aper
tions:
2.1. Chemical and mechanical cleaning;
2.2. Ventilated air drying;
2.3. Deposition paste microalloyed PM;

(copper coil); 6. auto parts;
7. high frequency alternating
current; 8. hardened layer: @
. electromagnetic field lines:
10. matching transformer

2.5. Preheating.

3. Elaboration of the base material is carried ouaimn
induction furnace.
Chemical composition: C < 0.3%, S < 0.02%, Si =
max.1%, Mn = max.0.45%.
4. Casting and micro-alloying liquid phase
The contact between the liquid steel and microalby
paste elements diffusion occurs. Diffusion increage
microalloyed.
Teasting 1 556-1 600 °C;
Veasiing= 0.2—2 kg/s;
teasting= 2—60 s.
eliminary machining: finishing lathering the stipe

Fig. 1. The principle of technological process.

Superficial micro-alloying directly in the liquid
phase; microalierea involves the use of micro-atby
paste as the main activator of the process.
Induction thermal processing of micro-alloyed piece
covered with mixed hardening; the mixture meets an
active role in both the hardening process and @ th
microalloyed.

Final heat treatment is carried out in four vagant
depending on the size and importance of auto partsg p.

cial layer.
3. TECHNOLOGICAL FLOW EXPERIMENTAL turﬁing deptha, = 0.05-0.40 mm;
Making preliminary experiments required the devel- feed ratefr = 0.05-0.10 mm/rot.

opment of a flow sheet incorporating main phages 6- Control of the superficial layer

garded as a preliminary technology, flow compriés 6.1. Control macroscopic;

phases (Fig. 2). 6.2. Control metallographic structure;
— e 6.3. Control surface layer chemically;
. l : 6.4. Chemically control the depth of 0.2 mm from
22 e the surface;

1 23 103 6.5. Control surface layer hardness.

7. Preparation of the mixture of hardened AD (Table 2)
The mixture is heated by induction hardening. The-m

g —< 111 ture becomes active in the process of micro-alloged
hardening process.

8. Deposition of the mixture of hardened on the swfat

- 8 L3 the piece

| & 8.1. Surface cleaning;
& 8.2. Deposit AD;
63 s 8.3. Ventilated air drying
6.4 116
6.5 L Table 2

2.4 — 104

<112

o N — we— N

= The chemical composition of the mixture of hardened AD
8.1 _ .

Composition paste microalloyed, %

7 — 7 8 32 — 122 Meta
83 12 | 123 Symbol pow- Carburizing powde60%
paste micro-| ders
9 < alloyed | 40%
l — 125 Ni|Cr|V Charcoall BaCQ; |CocqdCaCQ|Na,CO;|Binder|

Fig.2. Scheme of the technological flow. PM  |141412 35 5 |15 2 2 1
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A=020mm Geee =5 1 f= 100 KHz
A=100 mm Gijece = 10 mm
bicE f=30KHz

A=200mm e = 25 100

f=10KHz
A=4,00mm e =35 mm

f=4KHz
A=5,00 mm dpiecez 0 mm

f=1KHz
A=6,00mm g™ 100 mm
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Table 3
Depth of hardening
Depth of Heated layer | Workpiece Thefre-
har dening depth diameter quency
€ (mm) A (mm) d (mm) f (kH2)
0.40-1.20 0.20-1.00 5-10 100
1.50-2.20 1.00-2.00 10-25 10
3.00-4.00 2.00-3.00 25-50 3
5.00-7.00 4.00-5.00 50-100 1

Fig. 3. Heated layer depth.

9. Induction thermal processing.

Induction processing is carried out in a spirakeys
relatively simple in terms of construction. In geadethe
induction heating process characterized by th@veétg

nine sizes:

9.1. Heating temperatur€,= 950-1050 °C;

9.2. Diameter of workpieca =15-35 mm ¢ = 7.5—

17.5 mm);

9.3. Heated layer depth respectively the depth of

penetration of heaty (mm), Fig. 3;

9.4. The depth of penetration of the electromagneti

field, respectively the induced curredtimm);

8 = 5.50 MM— dygigce= Max.
8 = 1.75 MM dyigce = Max.

50 mm- f =10 kHz;
20 mm- f =100 kHz;

8 = 0.55 mM— dgiece=max. 15 mm- f =1 000 kHz.

9.5. Depth of hardening

,(mm), Table 3.

9.6. The frequency (Fig. 4);

9.7. Specific power at the workpiece surfdeg,(Fig.

5);

9.8. Heating timet neaing= 2-5'S;
9.9. Hold timet maintain= 2—5 min.

Induction thermal treatment carried out in the ex-

periments is characterized
- T=10006-1 050°C;

- theating= 2-5s,

- hold time = 25 min;

- diameter: max. 35 mm;

by the following values:

- optimum frequencyfopim = 10 kHz;

- specific power to the piece surfagsp= 1 kW/cnf;

- output power of the gen
- current: 700 A;
- voltage: 20 — 30V.

erator: 20 kW;

f— a4 KiT= <
f— 1 K¥= <

Aoin = S 110110
f=— 100 K=
Arax — 140 X213
Ayim — 140 ITXAITR
f— 30 KH= <
e — 25 1T

A — 25 1xaaraa
f— 10 KEH= <
A — 35 rmuarm

Ain — 35 17T0ATL

An — SO 1I7UIWL

Ain — SO 1T L

Aa — 100 ITEITL

min. = 1,10 KW/em®
Py <"| > f=100 KHz
ax. = 1,90 KW/em?
min. = 1,50 KW/em®
P, < > f=10KHz
max. = 2,20 KW/em?
min. = 3,00 KW/em?

Py > f=3KHz
max. = 4,00 KW/cm®

min. = 5,00 KW/em’
Py > f=1KHz
max. = 7.00 KW/em’

Fig. 5. Specific power to workpiece surface.

10. Final heat treatment
The final heat treatment 4 variants dependinghen t
dimensional characteristics and importance of gatts.
10.1.Variant A- direct hardening CD + low tempering
RJ (it is applied to the vehicle parts of reduced
importance that have to present especially high
values of the superficial hardness, Fig. 6);
10.2Variant B — accentuated cooling + layer simple
hardening CS + low tempering RJ (it is applied in
the case of the vehicle parts that have deforma-
tions, renouncing at the direct hardening. The
parts are accelerated cooled in ventilated air and
re-heated at 800+840°C, in order to achieve the
layer simple hardening, Fig. 7);

0
T(°C) Alnduction thermal

Tt processing 950 - 1050 °C: t = 2-5min.

A_}_\ 800 -840 °C; t=5-30 min,
|

Water

Acam

Acims

160 - 200 ° C; t = 30-60 min.

cD /_Rj\'b
7

Fig. 4. The frequency.

\
-50 °C; t= 30 min.\_TC_,

t(s)

Fig. 6. A — direct hardening CD + low tempering RJ.
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T(%C) Ainduction thermal
1) l"d:';:mermal T [processng  950-1050 °C; t = 25 min.
s 0. 1050°Ct 25m|n
Acths \ / ‘ "‘Pﬂ AES
1l e 160-200°C; i er
- | ! N 160-200°C;
t = 30-60 min,
(M &/ Rel cs 2
t(s) t(s)

Fig. 7. B — accentuated cooling + layer simple hardening CS +

10.3.

10.4.

11.

11.1.

11.2.

low tempering RJ.

Variant C — accentuated cooling + intermediary
sub-critical annealing Rcl + layer simple harden-
ing CS + low tempering RJ (it is applied in the
case of the vehicle parts that need machining by
cutting after treatment. Between carburizing and
layer simple hardening a sub-critical intermediary
annealing is introduced, at 630+680°C, Fig. 8);
Variant D — double hardening with intermediary
annealing (it is applied to the vehicles parts manu
factured of medium alloyed steels superficially
hardened for the improvement of the superficial
layer performances, Fig. 9) [7, 9].

Control of the layer
Phase Control technology layer is certifying the

quality of parts treated by the proposed technology

on the following: hardness, fragility, thicknessetm

allographic structure, grain size, inclusions apd-s

cific adhesion.

Hardness control

average of the hardness of the superficial lay@r: 6
HRC;

Control fragility

does not present cracks in the proximity of a trace

obtained by pressing a pyramidal diamond tip
with a force of 100 daN [8];

Fig. 9. D — double hardening with intermediary annealing.

11.3. Control surface layer thickness

g, — useful depth carbide layer = the depth of the
layer in which the carbon concentration is less
than 0.40%; values af, are based on the carbon
concentration values determined by the depth of
the step in accordance with the graphs of variation
in the concentration of carbon in the depth of the
layer,g, = min. 2.10 mm;

g4 — hardened depth = depth to a minimum hard-
ness of 600 HV (~ 54 HRC)gq = min. 0.60 mm;
values ofey are based on the average measure-
ments of hardness layer depth in increments and
in accordance with the charts of the depth varia-
tion of hardness carbide layer and microalloyed,;

€a — depth austenitising = distance from the work-
piece surface to the point where the end of the
heating temperature is setTg= 800 °Cig, is de-
termined by simulation to giv@ = 950 °C- ¢,=
2.111 mm, and foF = 1 050 °C— ¢,= 2.614 mm;

¢ — hardening depth determined by empirical rela-
tionshipe = (0.05-0.10)d (mm); and the piece di-
ameter of 35 mm is considered 3 mm;

11.4. Control metallographic structure

Structure preponderantly martensitic + complex
carbides;

11.5. Control granulation

fine granulation in the superficial layer; graizesi

index on the piece surface: 9, 10, 11 (Table 4).
11.6. Control inclusions
T(°C) Alnductionthermal - reduced number of inclusions in the surface
focessing . layer:p = max. 2— A — sulfates = 0 +1B — ox-
u 950 1050 °C: = 25 min, ides linear = 1lna= 5.50m) * 2 La= 11pm;
el \ number of Inclusion = 4, total length = 4f), C
LU0C t=5.30mi
\ 630680 °C 800-840°C; t=8-30min.
AcINS i : Index of arain Table 4
= ndex of grain size
/L 17O wer 160+ 200°C: 0
- ; Number of grains m, pe | Grain av- | Grain
t - 30'60 min, Index of mm? erage di- \mean area
grain size, Face Limit values ameter, a,
Rel ’ (S \ R ) G value o o dp, MM |mm? x103
* T{S) 9 4096 | 3072 | 6144 | 0.0156 0.244
Fig.8. C — accentuated cooling + intermediary sub-critical 10 8192 | 6144 | 12288 | 0.0110 0.122
annealing Rcl + layer simpgi hardening CS + low teinge 1 16384 | 12288 | 24576 | 0.0078 0.061
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— silicates = 0+1D — globular oxides = 1+ =
11 um, standard image area = 9%?);
11.7. Control specific adherence
Q =F/A; F=pressure, N;
A= surface area, mm
Hard metal jointing: q > 170 N/mfm

12. Delivery of finished parts
Delivery is the last phase of experimental flowttha
incorporates: elements of competitiveness, framing
the concept of "green product”, environmental pro-
file of the product Implement the principle of tbota
quality, need for recycling product throughout the
life.
12.1. Elements of competitiveness:
- estimated production costs fall as cost matrix
imposed on the EU market;
- characteristics similar to parts and components
manufactured in the EU;
- after-sales service: warranty 12 months;
- strengthening the company by creating new
jobs.
12.2. Framing pieces made in the concept of "green
product” which involves framing manufacturer in
the concept of "green supplier” [1].
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4. PRELIMINARY RESULTS

Preliminary experiments were performed according

to the experimentin the experiments, values of the main
technological parameters were:

- T=10061050 °C;
- Tlheating= 2-5s;
- hold time = 25 min;
- diameter piece: max. 35 mm;
- optimum frequencygpim= 10 kHz;
- specific power to the piece surface:
Psp= 1-1.50 kW/cn;
- output power of the generator: 20 kW,
- current: 700 A;
- voltage: 20-30V;
- heated layer deptix = 2.06-4.00 mm;
depth of penetration of the electromagnetic field:
6 =5.50 mm;
Values of technological parameters had a limited

range of variation. These parameter values inddicked
lowing levels:

- heated layer deptix = 2.00-4.00 mm;

- depth of penetration of the electromagnetic field
induced currents respectively= 5.50 mm;

- the depth of hardening:= 2.00-3.00 mm.

Carrying out preliminary experiments using small

12.3. Environmental profile of the product made by values of technological parameters generated Sojaerf

processing technology combined.

- identification of environmental impacts they
generate auto parts and components manufac-
tured by processing combined liquid and solid
phase;

- determine for each impact identified critical
stages of the life cycle [2];

- identification margins improve;

- evaluation of the advantages and disadvantages
presented ways to improve;

- replacement high alloyed steels with low alloy
steels to achieve auto parts and components us-
ing: combined processing in liquid and solid
form; design changes to provide more strength
comparable to the original material [6].

12.4. Implement the principle of total quality
- periodic certification of personnel;

- accreditation of testing laboratories.

- technical level accepted for processing plants

combined liquid and solid phase.

- high standards: remediation, storage, collection,

recovery, reuse and recycling.

12.5. Recycling the lifetime of the product (considered i

the design and manufacturing technology product)

[4].

- recycling the product development phase:

evaluation system before recovery + plan recy-

cling;

- recycling in the production phase Product recy-
cling technologies + range using recycled mate-
rials;

- recycling operations phase parts and compo-
nents manufactured by the proposed technology:
recycling + reconditioned;

- recycling of scrap during product: dismantling +
efficient methods of waste from disposal.

layers with the following characteristics (Fig. 10)

- &, — useful depth carbide layer = min. 2.10 mm;

- &g— strong depth hardened = min. 0.60 mm;

- &3— depth austenitising = 2.111 mmilla& 950°C;

- &= 2.614 mm lal = 1050 °C;

- & —hardening depth = 3 mm.

Control of superficial layers revealed the follog:

- hardness: average of the hardness of the superfi-
cial layer: 60 HRC;

- fragility: does not present cracks in the proximity
of a trace obtained by pressing a pyramidal dia-
mond tipwith a force of 100 daN;

- metallographic structure: preponderantly marten-
sitic + complex carbides without separation of
carbon;

- granulation: fine granulation in the superficial
layer — index of grain size on the surface of piece
is: 9, 10, 11;

- inclusions:p = max. 2 (A — sulfates = 0 +1; B —
oxides linear = 1 + 2; C — silicates = 0+1; D —
globular oxides = 1+2);

- specific adherencey > 170 N/mm.

HV=600

o

EU

€2 N
£ R i B
0 05 1 15 2 25 3 35

X, mm
Fig. 10. Characteristics superficial layer.
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Preliminary results highlight the quality layei&his
is the main argument for further research to opinand
adapt the technology to the concrete conditionprof
duction. Preliminary results support the viabildf the
process.

5. CONCLUSIONS

Superficial features pieces made in the preliminary

experiments enroll within the acceptable level oélgy
demanded by the customer returns.

Optimization and adaptation processing methods?]

combined actual production conditions will facitéathe
implementation process.

In this context, in conditions of technology imple-

mentation, the main elements of competitiveness are

- estimated production costs fall as cost matrix im-

posed on the EU market;

characteristics similar to parts and components

manufactured in the EU;

- after-sales-services consist of a warranty of 12

months;
- strengthening the company by creating new jobs.

Technology implementation the following aspects of

conformity:

- making recital "green product" implies "green sup-

plier";

- each type of piece produced by the proposed technol

ogy will have its own environmental profile;

- implementation of total quality principle on thecte
nological flow;

- recycling throughout the product lifeecycling con-
sidered in the design technology and product).
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