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Tom tét

Méc du thiét bi Hopkinson (Split Hopkinson Pressure Bar, SHPB) da dugc st dung rong rai dé xac dinh cac dic trung dong luc hoc vé
nén cla vat liéu, thiét b thi nghiém kéo dong van chua duoc chudn hoa vi kich thudc thiét bi, kich thude mau cing nhu tdc do gia tai
déu anh huang dén két qua thi nghiém. Bai bdo nay sé nghién ctu vé mot trong céc thiét bi kéo dy 1a SHTB (Split Hopkinson Tension
Bar). Phuong phéap nghién ctu la mo phong véi phan mém Abaqus. Tinh 6n dinh va két qua mo phong duoc trinh bay qua céc tham s6

anh huong nhu van téc gia tai, kich thuéc cia mau thi.

Abstract

Although the compression bar (Split Hopkinson Pressure Bar, SHPB) has been widely used to determine the dynamics properties of a
material, but dynamic tensile testing equipment has not been standardized because equipment size, sample size as well as loading speed
all affect the test results. This paper will study one of the dynamics tensile devices is SHTB (Split Hopkinson Tension Bar). The research
method is simulation with Abaqus software. Stability and results of simulation are presented through influencing parameters such as

loading speed, specimen size.

I. Thiét bi Hopkinson (Split Hopkinson Pressure Bar — SHPB)
Thiét ké cong trinh dudi tac dung cda tai trong t6c do cao nhu
dong dat, va cham, chay né... dang la van dé buc thiét hién nay.
Dé c6 thé thiét ké hieu qua, can phai hiéu tng xtr cda vat liéu
dudi mién tai trong nay (Hinh 1), tic la phéi tim ra quan hé dng
suat — bién dang cua n6 va danh gid su sai khac so v6i mién tai
tinh nhu thé nao thong qua hé s6 gia tang dong luc ctia vat lieu
DIF (Dynamic Increase Factor). Malvar va Ross (1998) [1] da chi
ra duoc do bén nén cta bé tong ting khi t6c do bién dang tang
nghta la:

DIF =220 > 1 (M)

cs
trong do, fq la cuong do nén dong va f; la cuong do nén tinh ctia
mau.
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Hinh 1. T6c do bién dang cua vat liéu tuong tng véi viing chiu
tai.

Thiét bj dau tien dé thi nghiém kéo mau dudi tac dung cla
tai trong t6c do cao do John Hopkinson [2] ti€én hanh vao nam
1872 (Hinh 2).

Dén ndm 1914 Bertram Hopkinson ti€p ndi cong trinh
nghién ctu cta cha 6ng, John Hopkinson, hiéu chinh thanh thiét
bi nén nhu Hinh 3.

NGi tiép thanh tyu d6, nam 1948 Davis [3] va nam 1949
Kolsky [4] da nang cdp trd thanh thiét bi hoan chinh dén ngay nay
dung dé thi nghiem nén mau vai tai trong cao va dit tén 1a thiét

bi Hopkinson (Split Hopkinson Pressure Bar, SHPB), hay con goi
[a thi€t bi Kolsky (Hinh 4 va Hinh 5).
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Hinh 2. Thi nghiém John
Hopkinson.

Hinh 3. Thi nghiém Bertram
Hopkinson.
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Hinh 5. Thiét bi Hopkinson (SHPB) hay con goi la thiét bj
Kolsky.
Thiét bi SHPB gdm c6 mot thanh striker dugc két néi voi
binh ga gay ap suat, mot thanh incident, mot thanh transmitted va
cac strain gage dé thu lai dir lieu khi thi nghiém (Hinh 6).
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Hinh 6. Cac bo phan cua thiét bi Hopkinson.

Khi m& van binh ga, s& c6 mot luc truyén vao thanh striker.
Sau do, thanh striker tdic dong vao thanh incident lam phat sinh
mot xung nén lan truyén dén cudi thanh incident, roi truyén qua
mau beé tong va sau do sé truyén vao thanh transmitted. Dong thoi,
mot phan song sé duoc phan xa trd lai (song phan xa) vao thanh
incident. Tat ca ba song trén duoc thu lai béi 2 cam bién dan trén
thanh incident va thanh transmitted (Hinh 7).

Ls : length of specimen Ls
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Hinh 7. Su truyén song trong Thiét bi Hopkinson.
Tirdo, Kolsky [4] da tim duoc ting suat, bién dang va téc
do bién dang trong mau thi nhu sau:
0,() =E% & (1)

(2)
() =- ZLC’ Jfk(f)df
3)
de (1) 2C,
sl =0 1
T @

trong do6 E va A, 1a mo6 dun dan hoi va tiét dién cda cac thanh, A
la tiét dien cda mau tha, &) 1a lich st bién dang truyén
(transmitted strain history), &(t la lich st bién dang phan xa
(reflected strain history) trong thanh incident, L 1a chiéu dai ban
dau cta mau tht, va ¢, 1a van t6c truyén song (wave velocity)
trong thanh incident dugc cho béi:
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P (5)
v6i E va p la mo dun dan héi va mat do cda thanh.
Il. Thiét bi Split Hopkinson Tensile Bar (SHTB)
Sudt mot thoi gian dai, SHPB 1a thiét bi dung dé thi nghiém nén
tdi trong téc do cao [6]. Va ké tir do, nhiéu tac gia da c6 gdng hieu
chinh thiét bi SHPB nay dé c6 thé thi nghiém cho mau chiu kéo,
nhu Harding va cong su nam 1960 [5], Hauser nam 1966 [7],
Lindhom and Yeakley nam 1968 [8], Albertini va Montagnani
ndm 1976 [9], Nicholas nam 1981 [10]. Trong cac thiét bj ay,
thié€t bi cta Nicholas dugc gi¢i nghién ctu quan tam nhiéu vi tinh
don gian va hiéu qua cda né.

Vé co ban, thiét bi SHTB nay cua Nicholas khong khac may
thiét bi SHPB. Van la thanh striker, rdi 2 thanh incident (thanh s6
1) va thanh transmitted (thanh s6 2) kep mau thir & gitra. Diém
khéc biet la c6 them mot vong xuyén nira bao quanh mau tha
(Hinh 8). Khi thanh dau vao tadc dong mot img suat ddy cho thanh
1 truyén song nén dau vao duoc truyén song xung thong qua mau
vat dén thanh s& 2. Khi thanh striker go vao thanh 1, trong thanh
1 sé xudt hién mot xung nén truyén dén cudi thanh, roi qua vong
xuyén di vao thanh 2. Trong thanh 2, xung nay van 1a nén, nhung
chay dén cugi thanh, vi la dau tu do nén phan xa thanh xung kéo
(Hinh 9). Chinh xung kéo nay gay ra luc kéo cho mau thi. Lic
nay, vong xuyén da roi ra nén khong thé duy tri bat ky tai trong
kéo nao. Viéc tinh toan tng sudt va bién dang trong mau duoc
thuc hién giong nhu trong thiét bi SHPB thong thuong.
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Hinh 8. So d6 ddu ndi cac thiét bi thi nghiem.
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Hinh 9. So do truyén song trong thiét bi SHTB
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Hinh 10. M6 phong thiét bi SHPB v&i Abaqus.

I1l. M6 phang thiét bi Hopkinson véi Abaqus

1. M6 phéng thiét bi Split Hopkinson Pressure Bar (SHBP):
Abaqus la mét phan mém mo phong c6 kho phan t phong phd,
dong thoi co thé mo hinh céc loai vat liéu tir don gian dén phic
tap nhu kim loai, bé tong, nhua... ABAQUS c6 hai khéi phan tich:
ABAQUS/Standard va ABAQUS/Explicit. Ngoai ra van con hai khdi
phan tich phu c6 cong dung dac biét: ABAQUS/Aqua va
ABAQUS/Design. ABAQUS/CAE (Complete ABAQUS Evironment) la
khaéi giao tiép voi nguoi dung, lam cong tac tién xtr ly nhu thiét 1ap

mo hinh, gan dic tinh va diéu kién bién, phan chia mang ludi...
ABAQUS/Viewer diing dé tién hanh phan tich va st ly két qua.

Trong bai toan mo phong bang phan mém Abaqus dudi day,
mo hinh Johnson-Cook [11] véi 5 thong s6 rdt tir thuc nghiém [12]
duoc str dung:

. :(A+Be")(1+Clne—){l—(i)m}
. T -T

m

(6)

Bang 1: Thong tin kich thuéc mo hinh.

Kich thuoc Striker Bar

Incidcent Bar

Mau Bétong Transmitted Bar

100x800

Kich thuéc(mm) ¢ X L

100x4000

50x100 100x4000

Béng 2: Thong s6 bé tong dugc hién thj trong.

Dic tinh Mat do | Modul He sO Céc thong s6 trong mo hinh Johnson-Cook
(kg/m?) (MPa) Poisson A B n C M
(MPa) (MPa)
Thong s6 bé tong 2.7x10° 68x10° 0,33 66,562 108,853 0,238 0,029 0,5

Kich thudc thiét bi, thong tin mau thir va cac thong s6 thuc
nghiém cta mo hinh lan lugt duoc 14y theo Bing 1 va Bang 2.
Thiét bi dung thép c6 modun dan hoi E = 200 GPa, hé s6 Poisson

10,3 va mat do p = 7.85 x 10° kg/m?. Chi tiét chia ludi phan tr va két
qua mo phong dugc thé hién trong Hinh 10.
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Hinh 12. M6 phong thiét bi SHTB.
Bang 3: Thong s6 vat liéu.

Striker bar L=0,76m (760mm) D =200mm
Bar No.1 L =3,65m (3650mm) D =200mm
Bar No.2 L=1,83m (1830mm) D =200mm
Douter=12.7mm Dinner= 6.4mm

Ashoulder = 12 Agpecimen Ashoulder = 0.75 Apar

Mau thi nghiém D =50mm

Truong hop 1: L/D = 0,5

Truong hop 2: L/D = 0,75

Truong hop 3: L/D=10,8

Van téc

vy = 20m/s v, = 35m/s v3=50m/s
Bang 4: Thong s6 clia mau thi nghiém va cac thong s6 ctia mo hinh John-Cook.
Ddc tinh Mat do | Modul He sO Céc thong s6 trong mo hinh Johnson-Cook
(kg/m?) (MPa) Poisson A B n C M
(MPa) (MPa)
Thong s6 bé tong 2.7x10° 60x10° 0,33 54,410 967,100 0,238 0,029 0,5

Khi van t6c thanh striker tuong tng 1a 20 m/s, 30 m/s va 35 m/s,
t6c do bién dang cia mau Strain Rate 420, Strain Rate 685, Strain
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Rate 805. Duong cong tng sudt — bién dang ctia mau thu duoc

cho ba téc do tai trong nay nhu Hinh 11.
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Hinh 11. Biéu dd duong cong tng suat - bién dang ctia mau thir.
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Hinh 13. Quan hé tng sudt - bién dang cta mau.

Két qua mo phéng cho thay, khi téc do gia tai khac nhau,
quan hé tng sudt — bién dang cua vat liéu sé khic nhau, tic la vat
lieu nhay voi t6c do gia tai. Dac biet, ing suat thay dai rat lon khi
t6c do bién dang thay doi. O t6c do bién dang cao hon, vat lieu
sé c6 kha nang chiu dung lon hon. Két qua mo phdng nay phu
hop voi thuc nghiem, do do6 c6 thé tin cay.

2. M6 phéng thiét bi Split Hopkinson Tensile Bar (Miu Bé tong):
Phan ti€p theo la mo phong thiét bi SHTB va qua do tim hiéu va
danh gia ung xtr ctia bé tong dudi tac dung cla tdi trong kéo t6c
do cao. Cac thong s6 cua thiét bi dugc cho trong Bang 3. Trong
bang nay ciing gigi thiéu cac thong tin vé 3 loai mau bé tong

(tuong ting vai ty s6 L/D khac nhau) cting nhu 3 van t6c cua strike
khac nhau. Thong tin cda vat lieu mau va thong s6 thyc nghiém
cia m6 hinh Johnson-Cook cho bai toan kéo dugc cho trong
Bang4.

Hinh 12 dién ta két qua cia mé phéng, trong do hinh a, b,
¢ va d cho thay qua trinh séng lan truyén trong céac thanh s6 1,
thanh s6 2, vong xuyén va mau tht; hinh e va f cho thdy vong
xuyén bi roi ra va mau thir b kéo.

Tuong tng voi 3 van toc cla strike, mau sé co t6c do bién
dang tuong tng. Buong cong tng suat bién dang ctia mau thd
theo 3 t6c do va tuong ung véi 3 loai kich thudc mau duoc cho
trong cac Hinh 13, 14 va 15.

Céc két qua nay cho thdy vat liéu khi chiu kéo ctung nhay
v6i t6c do bién dang. T6c do bién dang cang tang, cuong do chiu
kéo cang tang. Xu hudng tiang nay phu hop véi cac két qua thuc
nghiém ching t6 két qua mé phong & day c6 thé tin cay. Hon nira,
céc do thj nay cting cho thay hé s6 ting cuong do chiu kéo do tai
trong dong (DIF) cta bé tong ciing phu thudc vao chiéu dai caa
mau thi nghiém. Khi mau thi nghiém c6 chiéu dai cang ting thi
cuong do chiu kéo cang tang nhung dén mot gia tri gi¢i han L/D
= 0,75 thi cuong do chiu kéo cta bé tong bt dau tang it di.

IV. K&t Lugn

Bai bao mo ta ky thuat sir dung thiét bi Hopkinson nham xac dinh
ing x{&r vé nén va kéo cla vat lieu dudi tai trong t6c do cao.
Phuong phap nghién ctu la mo phong bing phan mém Abaqus.
Céc tham s6 anh huong duoc nghién ciu la van téc gia tai va kich
thuéc cia mau thi nghiém (ty s6 L/D). Tir két qua mo phong da
tim duoc céc quan hé ding sudt — bién dang ctia vat liéu, gitp cho
viéc phan tich va thiét ké cong trinh chiu tdi trong téc do cao.
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