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Tém tit nhitng déng gép méi ciia luin an

1. Tir cudi thé ky 20, do cong nghé luyén kim phat trién dan dén su ra doi nhém
thép do bén cao tién tién - AHSS trong do6 c6 thép song pha voi cac thuge tinh bén -
déo wu viét va da duoc mot sé nudc img dung trong quan su. Cac phoi thep song pha
da budc dau duge nghién ciru trong nudc, bang cach nau luyén tur sat x0p va tinh luyén
trong 10 chan khong, c6 kha nang img dung trong ché tao mot s6 chi tiét c6 do bén cao
trong quan sy nhu: vo lidu dan phao, vo dan phan luc... Do anh huong cua thong sd
cong nghé (TSCN) bién dang va xir Iy nhiét trong cong nghé c6 tinh quyét dinh dén to
chirc va co tinh cua thép, nén viéc xac lap cac quy luat anh huong cua chung d6i véi
thép trong nudc 1a thyc sy cap thlet tir d6 giai quyét dugc van dé cong ngh¢ hién nay;
dua vt li€u nay vao trong san xuat Qubc phong, dam bao tu chu mot phan vat tu thiét
yéu cho Quan doi; gop phan thyc hién NQ 06 cua Bo Chinh tri vé phat trién Cong
nghép Qudc phong dén nam 2020 va nhitng nam tiép theo.

2. Luan an nghién ctu cac quy luat va cac TSCN anh hudng cia mic do bién
dang véi xir Iy nhiét, ding dé ché tao cac chi tiét dang dng dai c6 thanh mong chiu ap
luc cao trong quan sy voi mac thép khao sat 1a mac thép song pha cac bon thap Céc
quy ludt nay cling dugc dung dé ché tao cac thép tim mong c6 do bén cao co thé ludng
dung trong Qudc phong va dan dung.

Phuong phap nghién ctru: Két hop nghién cuu ly thuyét va thuc nghiém. St
dung phuong phap quy hoach thyc nghiém dé thiét ké thi nghiém va thuc nghiém xac
dinh dugc cac bo sb licu can thiét; du dé xay dung cac quy luat; cac ham hdi quy dugc
danh gia theo chuén thng ké; dam bao chinh xac va tin cay vé mdi quan hé giita mirc
d6 bién dang va xir Iy nhiét véi t6 chirc va co tinh cua thép.

3. Nhirng dong gop méi cia Luan an:

a. Vé khoa hoc:

Cac quy ludt quan hé giita thong sb cong nghé véi cac thude tinh co hoc dugc
rat ra tr luan an dong gop mot ph?m vao thanh tyu nghién ctru Vé thép AHSS - song
pha. Két qua nghién clru gop phan 1am 13 cac co s& khoa hoc vé hoa bén va ting déo
bing cong nghe tién tién - bién dang va xu 1y nhiét trong ving hai pha, dé thu duoc
thép vira bén vira déo.

Két qua nghién ctru 1am co sé khoa hoc cho viée thiét 1ap cac quy trinh cong
nghé ché tao cac loai vo lidu dan phao hodc ché tao cac dng thanh mong vira c6 do bén
cao, vira co do déo tt trong quan su.



Pi xay dung dugc cac ham hdi quy biéu dién quy luat quan hé giita cac chi tiéu
co tinh (Rp, Rm, Aso, Rp/Rm, PSE) v61 hai TSCN “bién dang - xtr 1y nhiét” va ba TSCN
“bién dang — xur ly nhiét - bién dang” cua thép déap sau va biéu dién ching dudi dang
cac biéu do, cac do thi dé 1am co s& kiém soat va diéu khién co tinh thép.

P xac dinh duoc anh huong cia cac TSCN bién dang va xir Iy nhiét dén co tinh
cua thép bang phuong phap quy hoach thuc nghiém trong cac ché do khac nhau:

- Bién dang (0 - 90 %) va hoa gia bién dang ¢ 170 °C, giit nhiét 20 phut;

- Bién dang (50, 60, 70 %) - xt Iy nhiét song pha (740, 785, 830 °C). Cac TSCN
cu thé d3 tim dugc:

+Viing t6i wu dg bén ¢é TSCN: (ASy=65 =70 %, T = 820 + 830 °C). R,, > 700

+ 750 MPa, Aso = (16 ~ 18) %, R.w/R, <0,7; Vung 16i uu do déo co TSCN: (ASr =
65 +70%, T=740~+760°C). Aso=20 %, R > 528 Mpa, Ry/R,. = 0,66.

- Bién dang (50, 60, 70 %) - xur 1y nhiét song pha (740, 785, 830 °C) - bién dang
(6, 14,22 %). TSCN cy thé d3 tim duoc:

+ Vung 1: TSCN (ASr 260 %,; T =780 °C; ASs =20 %), R, >740 MPa va R,, >

860 + 950 MPa, Asyp = (6 ~ 8) %;
+ Ving 2: TSCN (ASt 2 60 %, T = 760 + 780 °C; ASs =15 %), R, =700 + 740
MPa, R,, 2800+ 860 MPa, Aso= 7,5+ 10 %.

b. V& thuec tién:

- Céc két qua nghién ctru d3 1am 13 hon co sé khoa hoc cua cong nghé ché tao
vo lidu dan ¢& bé hién tai cling nhu 1a co s& dé xay dung QTCN méi ché tao vo lidu
dan phdo 76 mm.

- Cac quy ludt cting nhu cac b TSCN tim dugc cho phép nguoi str dung dung
kiém soét va diéu khién co tinh cua thép theo tinh cong nghé (dap) hodc tinh su dung;

- Lam chu duge cong nghe ché tao ché tao céc chi tiét dang dng thanh mong co
d6 bén cao trong quan su bang thép dap sau.
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The new findings of the research:

1. Since the end of the 20th century, the development of metallurgical technology
has led to the creation of an advanced high-strength steel group - AHSS including dual
phase steel which is superior in both strength and ductility and has been applied by a
number of countries in the military. Dual phase steel billets have been initially studied in
the country by melting from sponge iron and refining in vacuum furnace, which can be
applied in manufacturing of some highly durable components in the military such as:
artillery shells, rocket shells, etc. Due to the effect of technological parameters,
deformation and heat treatment in the technology is crucial to the microstructure and
mechanical properties of steel; thus, it is really urgent to specify the laws of their effect on
steel in the country, thereby solving today's technology problems; bringing this material to
be used in the National Defense production, ensuring the self-control of a part of essential
supplies for the Army; contributing to the implementation of the Resolution No. 06 by the
Politburo on the development of the National Defense Industry until 2020 and subsequent
years.

2. The thesis studies the laws and technological parameters, effect of the degree of
deformation and heat treatment used to make long thin-walled high-pressure tubular
components in the military with steel grade surveyed as low-carbon dual phase steel.
These laws are also applied to make high-strength thin steel plates that can be used in
national defense and civil engineering.

Research methodology: Combining theoretical and empirical research. Using
experimental planning method to design experiments and experimentally identify
necessary data sets needed to formulate the laws; regression functions are evaluated
according to statistical standards, ensuring accuracy and reliability of the relationship
between the degree of deformation and heat treatment with the microstructure and
mechanical properties of steel.

3. New findings of the thesis:

a. In terms of science:

The laws of relationship between technological parameters and mechanical
properties drawn from the thesis partly contribute to the research achievements of AHSS -
dual phase steel. The research results contribute to clarifying the scientific basis for
durablization and ductilization by applying advanced technology - deformation and dual
phase heat treatment, in order to obtain both strength and ductility steel.



The research results serve as a scientific basis for establishment of technological
processes for manufacturing of artillery shells or thin-walled tubes of both high strength
and good ductility in the military.

Regression functions which show the relationship between mechanical properties
(Rp, Rm, Aso, Rp/Rm, PSE) and two technological parameters “deformation - heat
treatment” and three technological parameters ‘“deformation - heat treatment -
deformation” of deep drawn steel have been developed and presented in the form of
charts, graphs as a basis for control of mechanical properties of steel.

The effect of technological parameters including deformation and heat treatment on
the mechanical properties of steel has been determined by applying experimental planning
method in different modes:

- Deformation (0 - 90%) and deformation aging at 170 °C, maintaining the heat for
20 minutes;

- Deformation (50, 60, 70%) - dual phase heat treatment (740, 785, 830 °C).
Specific technological parameters that have been found:

- The optimal durability zone has the following technological parameters: (ASt =
65 +70%, T=2820+830°C). Rn =700+ 750 MPa, Aso = (16 ~ 18) %, Rw/Ry, <0,7; The
optimum ductility zone has the following technological parameters: (ASt = 65 + 70 %, T
=740+ 760°C). As0>20 %, Rn > 528 Mpa, R,/Rn = 0,66.

- Deformation (50, 60, 70%) - dual phase heat treatment (740, 785, 830 °C) -
deformation (6, 14, 22%). Specific technological parameters that have been found:

+ Zone 1: Technological parameters (ASt =60 %,; T =780 oC; ASs =20 %), Rp >
740 MPa and Rm > 860 + 950 MPa, Aso = (6 + 8) %,

+ Zone 2: Technological parameters (ASt =60 %, T = 760 + 780 °C; ASs = 15 %),
R, 2700+ 740 MPa, Rn =800 + 860 MPa,; Aso = 7.5+ 10 %.

b. In terms of practicality:

- The research results have further clarified the scientific basis of the current technology
for manufacturing of small-sized ammunition shells as well as served as a basis for developing
new technological processes to manufacture 76-mm artillery cartridge.

- The laws as well as the set of technological parameters that have been found
allow users to control the mechanical properties of steel according to technology (deep
drawn stamping) or usage;

- Mastering the technology for manufacturing of highly durable thin-walled tubular
components from deep drawn steel.
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