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NGHIEN CUU ANH HUONG KiCH THUGC THANH AP SUAT
VA MAU THU CUA MO HINH THi NGHIEM NEN O TOC PQ CAO
CHO THEP KHONG GI 304

Poan Yén Thé', Pham Thi Hing'

Tém tit: Nghién citu nay thuc hién mé hinh héa va mé phong bang phirong phdp phan tir hitu han thi
nghiém nén & toc dg bién dang cao dwa trén nguyén 1y dp lwc sing ban Hopkinson cho thép khéng gi
304. Anh hiong cua kich thude cdc thanh dp sudt va kich thuée mau thie dén tin hiéu song dwgc xem
xét. Khi tin hiéu séng tdi, song truyén va séng phan hoi dat dwoc phiwong trinh cdn bang va tin hiéu
séng it nhiéu dwoce danh gid la phiong dn tot nhdt. Qua két qua nghién ciru mé phong cho thdy kich
thuGe thanh dp sudt anh huong rdt I6n dén tin hiéu séng thu dwoc, ddc biét la séng t6i. Kich thude mau
thir anh hwéng I6n dén tin hiéu séng truyén va séng phan hoi. Tir két qua nghién ciru, di lwa chon duwoc
bé thong sé t6i wu kich thude cdc thanh dp sudt, thanh va ddp va mau thir khi nén vt liéu thép khong gi
304 dua trén nguyén Iy ap luc sing ban Hopkinson.

Tur khoa: Thép khong gi 304, thi nghiém nén, tai trong dong, mo phong.

1. PAT VAN PE

Nhiéu nghién ctru di chimg minh, trong qua
trinh bién dang déo, pha austenite trong thép
khong gi 304 c6 thé chuyén bién thanh martensite
lam tang do bén, do cung va kha nang hép thu
ndng lugng cua thép (Rodriguez-Martinez et al.,
2013). Do do, loai thép nay dugc ing dung rong
rdi trong k¥ thuat, dac biét cho cac chi tiét hay cau
trac can c6 kha nang hip thy ning lugng 16n dudi
tai trong va dap. Kha niang hap thu ning luong cua
vat liéu va cdu trac chiu tai 1a van dé cdt 16i trong
qué trinh thiét ké bai vi nhitng rai ro gy nén cho
con nguoi s€ dugc giam thiéu boi su hép thu dong
ning cua ban than vat liéu va ciu trac d6
(Wesselmecking et al., 2022). Do d6, tinh chét hip
thy ning lugng da tré thanh van dé rat quan trong
va thiét yéu can duoc nghién ciru. Dé t6i vu hoa
viéc str dung thép khong gi 304 trong k¥ thuét lam
cac cdu trac hdp thy ning luong khi va cham, viéc
nghién ctru tinh chét co hoc, dic biét kha nang hép
thu nang luong khi nén cua thép khong gi 304 &
tbc do bién dang rat cao 12 rt can thiét.

Trong sb cic phuong phap thir co tinh vat lidu,
thi nghiém &p Iuc sting ban Hopkinson 1& dang thi

" Khoa Co khi, Truwong Pai hoc Thity loi

nghiém & tbc d6 rit cao dién hinh va duoc ung
dung rong rdi trén thé gigi. Thi nghiém ap luc
sung ban Hopkinson dau tién dugc ché tao thir
nghiém co tinh vat lidu & téc do bién dang trung
binh va cao (0,5 dén 500 s') béi Hopkinson
(Hopkinson, 1914). Sau do, Kolsky va cong su
(Kolsky et al., 1949) da phat trién va cai tién mo
hinh thi nghi¢ém ctia Hopkinson cho thi nghiém
nén, 14 mé hinh phé bién nhit hién nay. M6 hinh
thi nghiém Kolsky bao gém thanh va dap, hai 1a
thanh 4p suat va mau thir kep giira hai thanh ap
suat. Toc d6 thanh 4p sudt va cham vao mau thir
c6 thé dat duoc thuong 16n hon 1m/s va c6 thé 1én
dén vai tram m/s. Do d6, dang thi nghiém nay rat
phii hop dé nghién ctru co tinh va kha niang hap
thu ndng lugng khi chiu nén cua thép khong gi
304. Vira qua, thi nghiém ap luc sung ban
Hopkinson dya trén mo hinh Kolsky dwoc nhiéu
nghién ctru ap dung. Demiral va cong su (Demiral
et al., 2011) da nghién ctru md phong tinh chat vat
lidu & toc do rat cao trong thi nghiém Hopkinson
cho hgp kim Titan. Wang va cong sy (Wang et al.,
2020) da nghién ctru thi nghi€ém nén dua trén
nguyén 1y ap luc sung bin Hopkinson cho vat liéu
vo co. Anh huéng cua hinh dang va kich thudc
mau thir trong thi nghiém Hopkinson dugc nghién
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ctru bdi Gupta va cong su (Gupta et al., 2021).
Trong nghién ctru trude day ctia nhom tac gia cho
hop kim nhém (Pham Thi Hang va cong su, 2023)
da cho thiy kich thudc ciia mau thir co anh hudng
rat 16n t6i tin hiéu song. Theo nghién ciru nay chi
ra, dudng kinh ctia miu thir nén nho hon dudng
kinh cua céac thanh ap suit va chi béng khoang
mét nira so voi chiéu dai mau thir.

Thong thuong thi nghiém ap luc sing bin
Hopkinson dugc thiét ké riéng bi€t cho mdt loai
bién dang cu thé, cho mot ching loai vt liéu. Yéu
cau cta hé théng thi bi dua trén nguyén ly ap luc
sing bin doi hoi phai lam viéc 6n dinh va dat
dugc can bang vé song mg suét truyén trong cac
thanh 4p suat. Didu nay giy chi phi 16n cho qua
trinh thir nghiém do phai diéu chinh thiét ké va
ché tao thir nhiéu lan. Do d6 can thiét phai tién
hanh mé phong dé c6 thé lwa chon duge bo kich
thude thiét ké cac thanh 1am viéc chinh va mau thi
nghiém téi vu va dat dugc can bang séng truyén
trong cac thanh. Trong nghién ctru nay, mo hinh
thi nghiém co hoc vat liéu ¢ toc do rat cao dwa
trén nguyén 1y ap luc sung bin Hopkinson duoc
thiét 1ap mo phong ding dé thir nghiém cho thép
khong gi 304. Anh huéng cua céac kich thudc cac
thanh 4p suat va mau thir t6i két qua tin hiéu song
duoc nghién ciu & tdc do va cham 45 m/s. Tir d6
c6 thé Iya chon phuong an thiét ké t&i wu dé c6 thé
trién khai ché tao moé hinh va ung dung dé thi
nghiém tinh chét co hoc, kha niang hap thy ning
lugng khi chiu nén cua cac loai vat li€u khac nhau
& tbe d6 bién dang rat cao, phuc vu nghién cuu
khoa hoc ¢ trong nudc.

2. PHUONG PHAP NGHIEN CUU

M6 hinh thi nghiém nén vat liéu duya trén
nguyén 1y ap luc sing bin Hopkinson duoc thé
hién trén Hinh 1. Hé théng bao gém cac chi tiét
lam viéc chinh la mot thanh va dap, thanh ap sudt
dau vao va thanh ap suit dau ra. Mau thir duoc
ché tao bﬁng vat liéu can nghién ctru thir co tinh s€
duoc kep gitia hai thanh ap suit dau vao va thanh
ap suat dau ra. Khi thanh va dap chuyén dong véi
téc d6 cao nhd hé théng sung hoi, thanh va dap s&
va dap vao mot dau cta thanh ap suit dau vao, luc
ndy s& xuat hién mot song lan truyén trong thanh
ap suat dau vao goi d6 1a séng toi. Song téi lan

truyén hét chidu dai cta thanh ap suit dau vao va
téi mau tht. Do tro khang cua vat li¢u mau thir va
thanh 4p sut dau vao khic nhau nén mot phan
song t6i s& duoc phan hodi nguoc tré lai thanh ap
suat ddu vao goi d6 1a séng phan hoi, mot phan
dugc lan truyén trong mau thir sang thanh ap suat
dau ra goi d6 1a song truyén. Dudi tac dong cua
song lan truyén trong cac thanh 4p sudt va miu
thir, mau thir s& bi bién dang voi toc do cao. So dd
truyén song duoc thé hién trong Hinh 2.

Thanh va Thanh p sut 5 s Thanh ap suét
dap dhu vao Maul thir daura
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Hinh 1. M6 hinh thi nghiém nén vdt liéu dwa trén
nguyén 1y dp luc sing ban Hopkinson
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Hinh 2. So do truyén séng trong cdc thanh dp sudt

Theo nguyén 1y truyén song trong hé thong thi
nghiém Hopkinson (Kolsky et al., 1949), song t61
£,, sOng truyén &,,.va song phan hoéi £, c6 quan
hé sau:

o = &+ £

ph (1)

Trong thuc té, dé thu duoc tin hiéu song toi va
song phan hoi trén thanh ap suat dau vao va song
truyén trong thanh ap sudt dau ra sé st dung cac
strain gage (cam bién dang 14 dién trd) gan trén
cac thanh ap sudt nhu thé hién trén Hinh 1. Céac
cam bién nay duoc d4u ra cac mach cau, tin hiéu
thu duoc tir mach ciu duge thu vao bd khuéch dai
tin hiéu va khir nhiéu va thu thap vao may tinh.
Theo Demiral va cdng su (Demiral et al., 2011),
tir tin hiéu biéu d6 song thu dugc trong cac thanh
ap suét s& tinh dwoc cac gia tri ung suét o, va do

bién dang =, ctia mau thir theo cong thirc sau:
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Trong do, E 1a mé dun dan hoi cua vat liéu 1am
thanh 4p suat; A 1a tiét dién ngang ctia thanh ap
sudt; A, 1a tiét dién ngang cua mau thir; C 1a toc
d6 truyén song; L 1a chidu dai cua mau thu, ¢ 1a
thoi gian.

Tbc d6 bién dang cta mau thir dugc tinh theo
cong thure sau:

3)

“\Thanh &p suit
| daura

Thanh ap suat \\
dau vao 4

¥

Thanh va dép

Hinh 3. Mé hinh phan tir hitu han thi nghiém nén
vit lidu dwa trén nguyén 1y ap luc siing bdn
Hopkinson

Tu mo6 hinh thi nghiém nhu Hinh 1, thiét lap
md hinh phén tir hiru han nhu Hinh 3. M6 hinh mé
phong gdm thanh va dap, thanh ap suit dau vao,
thanh 4p sudt dau ra, mau thir dat giita hai thanh
ap suit. Cac thanh 4p suat, thanh va dép va miu
thir dwgc lép ghép ddng tdm theo phuong z. Thanh
va dép chi chuyén dong duoc theo phuong z véi
toc do 45 m/s, han ché 5 bac tu do con lai va dit
cach thanh 4p suat dau vao mot khoang cach. Hai
thanh 4p sudt va miu thr ciing duoc han ché 5 bac
tir do va chi chuyén dong theo phuong z. Hé sb
ma st gitra bé mat mau thir va thanh ap suat dau
vao, gitta bé mat mau thir va thanh ap suit dau ra

duogc dat 13 0,02. M6 phong phan tir hiru han thyc
hién bang phan mém Abaqus SE sir dung thuat
toan Explicit.

Trong dang thi nghiém nay, cac thanh ap suét
va thanh va dap lam bang thép C45 chi lam viéc
trong giai doan bién dang dan hdi. Trong khi do,
mau thir bang thép khong gi 304 s& bi bién dang
trong thuc té. Vi vdy, cai dat vat liéu cho mau
thir lam viéc trong ca giai doan bién dang dan
hdi va bién dang déo. Bang khai bao thong sb
cho thép C45 va thép khong gi 304 dugc thé
hién trong Bang 1.

Bing 1. Khai bao thong s vit liéu ciia thép

C45 va thép 304
, Thép khong
Thép C45 i 304
Khdi lwong riéng 7800 7930
(kg /m?)
M6 dundanhdi | 2,05el1 1,97¢el1
(N /m®
Hé s Poisson 0.29 0,294

Mo hinh bién dang déo Johnson — Cook dugc
ap dung cho thép khong gi 304. Quan hé tng suit-
bién dang duoc thé hién theo phuong trinh sau
(Ahmadi-Brooghani et al., 2004).

g=(A+ BEs™) 1+ Clné*)}(1L —-T"™) 4)
R re_ I°T
Ep Tm—Tr

Trong d6, ¢ 1a ing suat, £ 1a toc d6 bién dang
déo, £, 1a toc do bién dang tham khao, T 14 nhiét

d6 tuyét doi, T, 1a nhiét d6 phong, Ty, 13 nhiét do
nong chay cua vat liéu. Cac thong sb A, B, C,m, n
va £, dugc thiét 1ap nhu trong Bang 2.

Bing 2. Thong s6 mé hinh Johnson — Cook cho thép khong gi 304
(Ahmadi-Brooghani et al., 2004)

Théng sb A B C

n Eo Tr Tm

Gia tri 310 1000 0.07

0.65 1 297 1673
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3. KET QUA VA THAO LUAN

Mo phong bang phuong phap phan tir hitu han
duogc thyc hién voi diéu kién bién ¢ trén. Két qua
tin hi¢u song thu dugc dugc xem xét thao luan.
Phuong an thiét ké dugc danh gia t6t khi két qua
mo phong séng ng suit thu dugce phai dam bao
song truyén bang tong song tdi va song phan hoi
nhu phuong trinh (1); séng khong bi nhiu; tiét

kiém vat liéu va giam chi phi thiét 1ap hé thong;
déng thoi mé hinh thi nghiém dam bao duoc su on
dinh va chinh xac cao.

Kich thudc cua cac thanh ap suit va mau thu
duoc cai dat nhu nhu bai bao (Pham Thi Hang
va cOng su, 2023) cho trong Bang 3. Tuy nhién,
vat liéu mau thtr trong nghién ctru nay khac so
vé1 bai bao.

Bang 3. Thong s6 kich thwéc clia cac thanh ap sudt va miu thir

Théng s6 Thanh va dip | Thanh ap suit | Thanh dp Mau thir
diu vao suit diu ra
Vat li¢u Thép C45 Thép C45 Thép C45 Thép khong gi 304
Duong kinh (mm) 40 40 40 25
Chiéu dai(mm) 750 1500 1500 50

Két qua mo phong duogc thé hién trén Hinh 4.
Thong qua biéu dd ta thiy dugc tin hiéu séng thu
duoc tur thanh ap suit dau vao va dau ra da dat
dugc can bang song theo phuong trinh (1). Tuy
nhién, tin hiéu séng bi nhiéu nhiéu. Nhu vay, mac
du kich thuéc cac thanh duoc thiét k& nhu trong
bai bao (Pham Thi Hang va cong su, 2023) rat tot
cho miu thir 1am bang hop kim nhoém, nhung
truong hop thay ddi vat liéu méu thir sang thép
khong gi 304 thi két qua khong tét. Do 6, dé thu
dugc tin hiéu séng tdt hon va tbi uu hoa thiét ké,
can thiét phai giam kich thudc cac thanh ap suat
va mau thir.

Chiéu dai thanh ap suit duoc thay doi, trong
khi duong kinh thanh ap suét, kich thuéc mau thir
duogc cho nhu trong Bang 3. Ludén dam bao chiéu
dai thanh 4p suat dau vao bang chiéu dai thanh ap
suat ddu ra va chiéu dai thanh va dap bang mot
nira chiéu dai thanh 4p sudt. Anh huong chiéu dai
thanh 4p suét dugc thé hién trén Hinh 5. Tur két
qua tin hi¢u song thu dugc trén Hinh 5 cho théy,
chidu dai thanh 4p suét anh hudng 16n dén tin hiéu
song téi. Khi giam chiéu dai thanh ap suét dau vao
va thanh 4p sudt dau ra tr 1500mm xudng ti
900mm cho thdy tin hiéu séng tdi da it nhidu hon.
Tuy nhién, tin hiéu séng phan hdi va séng truyén
van bi nhidu nhiéu va chua cai thién dang ké. Tir
két qua Hinh 5, lya chon phuong an chiéu dai
thanh ap suat ddu vao, dau ra 1a 1000mm. Tiép tuc
nghién ciru giam duong kinh cac thanh ap suat.
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Hinh 4. Biéu d6 séng cho thép khong gi 304
khi chiéu dai thanh va ddp lvd=750mm,
chiéu dai thanh dp sudt dau vao va dau ra
linput=loutput= 1500mm

Song
0.001 phan hsi |
£
s o ——ey Time (s)
in 0 00002 00004 00006 00008 0001 0012 cood o001 00018
0,001 |
Songtai ~_ |
0.002 a!
Tin higu thanh ap sudt diu vao |
0.003 |
—Tin hi¢u thanh ap sudt dau ra
0,004 %
Song truyén

a) La=650mm, Lypu=lowpur= 1300mm

i
Song |
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£
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|
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b) d=500mm, linput=Iloutput= 1000mm
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c) vd=450mm, linput=Iloutput= 900mm
Hinh 5. Anh hudng chiéu dai cdc thanh dp sudt

Hinh 6 thé hién két qua mé phong cho trudng
hop chiéu dai thanh ap suat 13 1000mm, duong
kinh 30mm. Kich thuéc cua miu the cho nhu
Bang 3. Két qua thu duoc tin hiéu song truyén va
song phan hoi it nhiéu hon, cai thién dang ké so
vé1 truong hop duong kinh 40mm. Nhung tin hi¢u
song phan hoi qua nho 1am cho bién dang ctia mau
qua bé do kich thuéc mau thir van 16n trong khi da
giam kich thuéc cia cac thanh 4p sudt so véi
phuong an thiét ké ban dau theo Bang 3. Do do,
tiép tuc mod phong cho truong hop mau thir kich
thudc bé hon dé cai thién tin hiéu séng phan hoi
nhung luén dam bao duong kinh miu thir bang
mot nira chiéu dai mau thi.
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Hinh 6. Anh hudng dwong kinh cdc thanh dp sudt

Hinh 7 thé hién anh huong cia kich thudc miu
thtr té1 tin hiéu song thu dugce trong cac thanh ap
suit. Tt ca truong hop ndy mé phong véi chidu
dai thanh va ddp 1a 500mm, chiéu dai thanh ap
suat dau vao bang thanh ap suit ra 1a 1000mm va
duong kinh cac thanh 13 30mm. C6 thé thiy khi
giam kich thuéc mau thi, tin hiéu séng phan hoi

d3 16n hon nhiéu so v&i truong hgp mau thir ban
dau. Hon nita, cac tin hiéu song thu duogc déu
khong bi nhidu. Nhu vay, can thiét phai giam kich
thude mau thir dé thu duoc tin hiéu séng t6t hon.
Tuy nhién, mau thir qua bé (Hinh 7¢) cho thiy c6
su sai 1éch vé thoi gian thu tin hiéu song truyén so
voi song phan hoi. Trong cac truong hop thir
nghiém cho thiy mau thir c6 duong kinh 15mm,
chiéu dai 30mm cho két qua tin hiéu song t6t nhat
(Hinh 7a). Trong truong hop nay, song khong bi
nhiéu, diéu kién can bang séng theo phuong trinh
(1) dugc dam bao ca vé bién do va chu ky song.
Nhu vay, bo thong s6 kich thude tdi vu chon duge
cho truong hop nén thép khong gi 304 theo
nguyén ly ap luc sung bén Hopkinson duogc thiét
1ap nhu trong Bang 4.
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¢) Mau thir co"du’dng kinh S5mm, chié‘MNddi 10mm
Hinh 7. Anh huong kich thudc mau thie
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Bing 4. Thong s6 kich thwéc toi wu

Théng s Thanh va dgp | "2t ap suat | Thanh ap suat MAu thir
dau vao daura
Vit ligu Thép C45 Thép C45 Thép C45 Thép khong gi 304
Puong kinh (mm) 30 30 30 15
Chiéu dai(mm) 500 1000 1000 30
4. KET LUAN 16n s& thu dugc tin hiéu song phan hdi nhé. Kich

Qua két qua nghién ctru mo phong ddi voi mau
thir 14 thép khong gi 304 c6 thé dua ra mot sb két
luén sau:

Kich thudc thanh ap sudt anh huong rat 16n dén
tin hi¢u song thu duoc, dac biét 1a song tdi. Kich
thudc cac thanh ap sudt qua I16n s& giy tin hiéu
song bi nhiéu nhiéu.

Kich thuéc mau thir anh huong 16n dén tin hiéu
song truyén va song phan héi. Kich thude mau thir

TAI LIEU THAM KHAO

thuéc mau thir qua nho s& khong dat duoc diu kién
can bang song, bi sai 1éch vé chu ky truyén song.

ba Ilya chon dugc bd thong sb tdi wu kich
thudc cac thanh ap suat, thanh va dap va mau thi
khi nén vat liéu thép khong gi 304 dua trén
nguyén ly ap luc sung bén Hopkinson. Két qua thu
dugc 1a co s& dé lya chon kich thudc thiét ké va
ché tao hé thdng thi nghiém co tinh vét lidu & tdc
do rat cao.

Pham Thi Hang, Nghiém Vin Vinh, Lé Quang Khai, “Nghién ciru thiét ldp mé hinh mé phong thi
nghiém nén vit liéu & toc dé cao sir dung phwong phdp dp luc sing bdan Hopkinson”, Tap chi Khoa
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Abstract:
A STUDY ON THE EFFECT OF DIMENSIONS OF THE PRESSURE BARS AND THE
SPECIMEN OF COMPRESSIVE TEST AT HIGH STRAIN RATE FOR SUS304 STEEL

This study performed modeling and simulation by finite element method of compression test at high
strain rate based on the split Hopkinson pressure bar method for SUS304 steel. Effect of dimensions of
the pressure bars and the specimen on the stress wave signals is investigated. When the results of
incident wave, transmitted wave and reflected wave with low-noise wave signal achieve a balanced
equation, this case is evaluated as the best. The computational results show that the dimension of the
pressure bar considerably affects the incident wave. The dinmension of specimen has a great influence
on the transmitted and reflected wave. From the research results, the optimal set of parameters for the
dimension of pressure bars, striker bars and specimen was selected based for compressive test based on
the split Hopkinson pressure bar technique for SUS304.

Keywords: SUS304 steel, compressive test, impact test, simulation.
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