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TOI UU HOA THONG SO PHAN TU HAP THU NANG LUQONG
DUNG CHO GIAN CHONG THUY LUYC MO THAN HAM LO

OPTIMIZING THE PARAMETERS OF THE ENERGY ABSORBING ELEMENTS FOR
HYDRAULIC SUPPORTS USED IN UNDERGROUND COAL MINES

Pham Trung H4ai, Xu Ping, Yu Yinghua, Shen Jiaxing
Truong Pai hoc Ky thuat Li€éu Ninh, Trung Qudc

TOM TAT

Phan tir hdp thy nang lwong (HTNL) stk dung cdu triic mang vi phan tir dwoc thiét ké sir dung
cho gian chong thiy lyc nham tang kha niang HTNL va ndng cao dé an toan. Dé thiét ké b HTNL
phit hop, sir dung cho gian chong ZHDF4150/31/40, phan mém Ansys Worckbench da dwoc sir dung
dé mo phong, phan tich, tw do lva chon ra bo tham 6 101 wu nham dat dwoc hiéu qua hcfp thu nang
leong tot nhat. Theo két qud tinh todn mé phéng, bé tham sé t6i wu ciia phan tir HTNL la h40a25d6.
B HTNL ¢6 7 tang véi chiéu cao 310mm cé thé hap thu nang leong téi 658kJ. P ché tao va thir
nghiém bé HTNL don tang thu nhé. Thir nghiém trén mé hinh cho két qua twong dong véi tinh todn
mo phong.

Tir khéa: Bé hdp thu nang lwong; Cau triic mang vi phan tik; Gidn chong thiy liec; M6 than ham [o.
ABSTRACT

The energy-absorbing elements uses the micro-element lattice structure that is designed
for hydraulic supports to increase energy absorption and improve safety. To design the suitable
energy absorber for use in the supportZHDF4150/31/40, Ansys Worckbench software was used to
simulate, analyze and select the optimal set of parameters to achieve efficiency of energy absorption.
According to the simulation results, the optimal parameters of the energy absorber is h40a25d6. The
7-stage energy absorber with the height of 310mm can absorb energy up to 658kJ. Built and tested
the miniature monostage energy absorber. Testing on the model gives similar results to simulation
calculations.

Keywords: Energy absorber; Micro-element lattice structure; Hydraulic support; Underground coal mine.

1. PAT VAN DPE

Véi muc tiéu thiét ké bo hip thu
ning luong (HTNL) st dung cdu trac mang
vi phan tr cho gian chéng chéng xung kich
ZHDF4150/31/40, da nghién ctru vé vat liéu,
Ira chon duoc cdu trac vi phan tr phu hop dé
ché tao [1]. Tuy nhién, can phai lgya chon cac

tham s6 két cdu cho phu hop, dé b6 HTNL
¢6 luc chéng t6i han phu hop véi gian chéng
ZHDF4150/31/40, ngoai ra con can phai c6 kha
niang HTNL nhiéu nhat c6 thé. Do d6, viéc diéu
chinh lya chon cac tham sb sao cho phu hop,
t61 wu nhat 1a vo ciing quan trong, dam bao gian
chdng nay an toan khi x4y ra nd da.
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2. NOI DUNG NGHIEN CUU
2.1. Phuong phap nghién ciru

bé lya chon thong s6 toi wu bo HTNL
sir dung phuong phap nghién ctru két hop 1y
thuyét va thuc nghiém:

- Nghién ctru Iy thuyét: Trén co so phan
tich thong sé k¥ thuat, diéu kién lam viéc cua
gian chong xéac dinh diéu kién chiu luc ctia bd
HTNL. Bing phan mém ANSYS Workbench
dé xay dung mé hinh 3D bd HTNL va tinh toan
mo phong véi cac dai thong s6 cac vi phan tu,
ttr d6 chon bd thong s6 toi uu cua vi phﬁn tor va
bd HTNL.

- Nghién ctru thyc nghiém: Ché tao cac
vi phan tir va thtr nghiém kha nang HTNL cua
cac vi phan tu.

- So sanh két qua tinh toan mo phong va
két qua thuc nghiém dé danh gi4 tinh kha dung
cua phuong phdp tinh toan mo phdéng trong
tinh toan thiét ké bo HTNL ap dung cho gian
chéng thuy lyc ZHDF4150/31/40 va cac loai
gian chdng thuy luc khac dung trong mo than
ham 16.

2.2. N§i dung nghién ciru

2.2.1. Xdc dinh kich thwéc tong va lue chéng
t0i han

Khi ¢ trang théi lam viéc binh thuong,
bd HTNL phai dam bao luc chdng theo dic tinh
ky thuat ma khong bi bién dang déo. Khi xay
ra n6 da, ap luc 1én gian chdng tiang dot ngot,
lac ndy bd HTNL sé& bi bién dang va phat huy
chirc nang cia minh. Vi vay, b HTNL phai c6
luc chdng téi han phu hop, 1a lyc khién cho b
HTNL bt dau b bién dang déo dé hip thu ning

lugng tr vu nd da, phat huy tinh nang bao vé,
tranh cho cac két cau khac ctia gian chdng bi ton
hai. Néu lyc chong ti han thiét ké thép, s€ anh
huong dén luc 1am viéc cua gian chong Nguoc
lai, néu luc ndy qué 16n thi khi nd da, két cau
cua gian chong s& bi ton hai trude khi bd HTNL
kip phat huy tac dung. Nhu vay, luc chéng toi
han ctia bo HTNL phai 16n hon lyc chong lam
viéc cua cot chong Fy dong thoi phal nho hon
gid tri lyc c6 thé pha v két cu cot chdng. Theo
tiéu chuan Trung Qubc GB25974.1-2010, cac
¢t chéng cua gian chéng phai chiu duoc luc
gap 1,5 1an lyc dinh mtc ma khong bi hong [3].
Vay, dé dam bao bo HTNL lam viéc hiéu qua,
lIva chon luc chéng t&1 han cho bo HTNL:

L2F, <F, <LA4F, (1)

Trong do: F - Luc chéng 1am viéc cua
ot chong lap bo HTNL

F_ -Luc chong td1 han cua bo HTNL.

Gian chdng ZHDF4150/31/40 1a loai
gian chdng chéng xung kich dang cong co
trang bi b HTNL ¢ dudi chan cac cot chéng
(Hinh 1), théng s6 k¥ thuat cua gian thé hién
trong Bang 1 [2]:

@ ®)
Hinh 1. Dan ZHDF4150/31/40 va vi tri lap bo
HTNL
a) Vi tri ldp bé hdp thu ndng lwong; b) Két cau bg
hdp thu nang lwong
1) Vong tang cwng 2) Pau cét chong; 3) Ong dain
hwong;4) Phan tw hap thu nang Zu"O’ng loai ong
nép gap; 5) Pau lién két
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Bdng 1. Théng so kjf thudt chinh cia dan

ZHDF4150/31/40:

STT Théng s6 Gia tri

1 | Chiéu cao dan 3100-4000mm

2 | Luc chdng 4150kN

3 | Ap suét lam viéc 40MPa

4 | S6 cot chdong 3

5 | Puong xi lanh @ 230/273

6 | Luc chéng cua cot 1652kN

7 | Chiéu dai lap b6 HTNL 350mm

Tur Bang 1 va cong thure (1) co:
1983kN <F_ <2313kN (2)

Kich thudc ciia b HTNL duogce xac dinh
la ¢c6 duong kinh D = 230mm, dai L = 350mm
duoc lap dat & chan cot chéng nhu thé hién ¢
Hinh 2:

Hinh 2. B6 hdp thu ning leong véi vi phan tir
a) Bé hdp thu nang lwong; b) Vi phan tiv
1. Dé; 2. Phan tir hcfp thu nang luong, 3. Chan cot
chéng thity luc

2.2.2. Xdc dinh théng sé két ciu téi wu cho bd
hdp thu néing lwong

Dung phan mém Ansys Workbench dé
xay dung mé hinh tham s6 3D, sau d6 tién hanh
mo phong phan tich dé xac dinh luc chong t6i
han va kha niang hip thu ning luong tng voi
timg b thong s6 cua vi phan tir nhu sau:

- Chiéu cao h: 30mm; 40mm; 50mm;
60mm; 70mm;

- Chiéu rong chan a: 20mm; 25mm;
30mm; 35mm; 40mm; (a = [/2);

- Puong kinh chan d: 4mm; 4,5mm;
Smm; 5,5mm; 6mm; 6,5mm; 7mm.

Téng cong c6 175 truong hop can phan
tich xem xét. Dé don gian hoa, ting hiéu qua
cho qua trinh mo6 phong, thuc hién sang loc 2
budc dé giam bt khdi lwong tinh toan.

- Budce 1: Do b HTNL ¢6 cdu tao doi
xtng va cdu thanh tir nhidu ting gidng nhau,
lue nén cac ting nhu nhau, cho nén thyc hién
mo phong ddi voi mé hinh 1/4 bo HTNL don
tang;

- Buége 2: Can so sanh va tim ra bd tham
s6 cho HTNL 16n nhat nén bai todn mo phong
duoc cai dat véi toc do nhanh hon dé rat ng’fm
thoi gian phan tich. Cac b HTNL hoan chinh
cua tung phuong an da chon & Bude 1 duogc
lap va tién hanh phén tich voi toc d6 nhanh dé
tim ra phuong an c¢6 mic HTNL 16n nhat. T
d6, quyét dinh phuong an thiét ké t6i wu cho bd
HTNL dung trong dan ZHDF4150/31/40.

a. Bude 1: Loc cde bo tham sé phit hop

Mo hinh 1/4 b HTNL don tang duoc
1ap nhu Hinh 3. Céc thong s6 h, a, va d dugc
khai bdo dudi dang tham sd. Tam ddy va tdm
trén c6 do day 5mm, 6ng dan hudng bao ngoai
cling c6 do day Smm. Lién két giita cac vi phan
t0r vGi tim ddy va tam trén 1a lién két ctmg, lién
két giita tAm trén, vi phan tir va 6ng dan hudng
1a lién két truot. Mt dudi tim day duoc khai
béo 1 khéi c¢b dinh, cac mat A va B rang budc
chuyén bi theo phuong phap tuyén bang 0. Toc
d6 nén ctia tAm trén xudng 1a 10m/s. Vi cai dat
tdc d6 nén nhu nay, cac phuong an c6 do cao vi
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phén tr h khac nhau s€ dugc thuc hién riéng ré.

0.00 50.00 100,00 (mm)

2500 75.00

Hinh 3. M6 hinh 1/4 b6 hcfp thu nang luong
don tang

Theo (1), véi md hinh 1/4 b HTNL
don tang, diéu kién bién cua luc 1a 495kN <
F_ <578kN. Sau khi tién hanh mo phong, loc
ra dugc cac to hop tham sé cua bude 1. Can ctr
vao cac bo tham sd da duoc lua chon ra & bude
1, tién hanh lap cac mod hinh 3D cua bo HTNL
day du nhu ¢ Hinh 4.

Hinh 4. M6 hinh bé hdp thu nang lwong da tang

b. Buéc 2: So sanh mirc hdp thu nang leong
cua cac phwong an da chon

Véi L < 350mm nén Gng v6i mdi gia
tri h, 16i HTNL s& ¢6 sb tﬁng khac nhau. Véi h
=30mm 15i ¢6 10 tang, h= 40mm 13i c6 7 tang,
h =50mm 15 ¢6 6 ting, h =60mm 13i c6 5 ting,
h = 70mm 13i c6 4 tang. Tién hanh mo phong
nén mo hinh véi tdc d6 nhanh hon dé xac dinh
nang luong hép thu dugc khi bién dang.

2.3. Ché tao va thyuc nghiém

Mau thi nghiém dugc ché tao bang
phuong phap in kim loai 3D, dugc ché tao thu
nho véi ty 18 1/3 va ché tao mau HTNL don tang
tuong Gmg voi bo tham s h40a25d6 (h=40mm;
a=25mm; d=6mm) v&i kich thudce: duong kinh
ngoai-76,67mm; téng chiéu cao- 15mm; chiéu
cao vi phﬁn t- 13,33mm; chiéu rong chan vi
phan ti- 8,33mm; duong kinh chan-2mm. Mau
dugc nén bang may thi nghiém nén WAW-600c
voi tde do nén Smm/min. Véi toe do nay, chi cé
thé kiém tra dugc kha ning chiu tinh tai va kha
ning hap thu ning luong cua mau, khong thé
kiém tra kha niang chiu tai dong va dap. Hinh
anh mau trude va sau khi thi nghiém duoc thé
hién ¢ Hinh 5.

Hinh 5. Hinh anh méu trudc, trong va sau khi
thi nghiém.

3. KET QUA VA THAO LUAN
3.1. Két qua tinh toan mé phong

Két qua tinh toan mé phong bude 1 thé
hién trong Bang 2.
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Bdng 2. Cdc bg tham s6 cho phit hop véi yéu cau:

Gi tri tham sb Két qua md phéng mo hinh 1/4 b HTNL
L n : don tang
Ky hi¢u Ning lwong | Luwe chdng | Khdi lrgng
h (mm) a (mm) D(mm) | 4o thu (J) | t6i han (N) (kg)

h30a30d5.5 30 30 5,5 29733 5,26E+05 0,07121
h40a25d5.5 40 25 5,5 7736,0 5,35E+05 0,12835
h40a25d6 40 25 6 9306,3 5,34E+05 0,15139
h50a20d4 50 20 4 4615,0 5,41E+05 0,11433
h50a25d4 50 25 4 2726,8 5,08E+05 0,08300
h50a35d4 50 35 4 1312,0 5,32E+05 0,04558
h60a25d5.5 60 25 5,5 9763,0 5,12E+05 0,17803
h60a25d6 60 25 6 12502,0 5,16E+05 0,20994
h60a40d6.5 60 40 6,5 5071,3 5,23E+05 0,11574
h70a40d5.5 70 40 5,5 4011,1 5,50E+05 0,09345

Két qua tinh toan mo phong cta timg phuong 4n trong bude 1 dugc thé hién ¢ Bang 3.

Bdng 3. Két qua mé phéng cdc bg tham sé da chon:

oy en £ A Tong chiéu cao Nang lwong hap
TT Ky hi¢u So tang (mm) thu (kJ)
1 h30a30d5.5 10 345 648,78
2 h40a25d5.5 7 310 595,84
3 h40a25d6 7 310 657,94
4 h50a20d4 6 325 452,12
5 h50a25d4 6 325 386,62
6 h50a35d4 6 325 293,08
7 h60a25d5.5 5 320 481,59
8 h60a25d6 5 320 570,97
9 h60a40d6.5 5 320 326,3
10 h70a40d5.5 4 295 253,34

Tir Bang 3 c6 thé thdy bo tham s
h40a25d6 (h=40mm; a=25mm; d=6mm) cho
kha niang hap thu ning luong 16n nhat 14 658kJ.
Do d6, lya chon bd tham s nay lam phuong
an t6i wru dé thiét ké bo HTNL cho gian chng
ZHDF4150/31/40.

3.2. Két qua thir nghiém méu

Tt céc s6 lidu thu duoc, lap duoc do thi

quan hé gitra lyc nén va bién dang cia mau nhu
trén Hinh 6. Tir Hinh 6 c6 thé thdy, giai doan
dau lyc nén ting nhanh va dat gia tri t6i han
226,14kN, sau d6, lyc nén giam dan va duy tri
kha 6n dinh dén gan hét hanh trinh nén. Dén
cubi hanh trinh nén, phan lyc c6 xu huéng ting
tré lai do vat liéu bi don nén lai gay can tro bién
dang. Muc bién dang cudi cing 1a 12,32mm.
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Do bién dang, mm

Hinh 8. Biéu do quan hé giita lyc nén va do bién dang

Nang luong hap thu cia mau chinh 1a
cong cua luc nén gay ra bién dang, dugc tinh
theo cong thurc:

S,

0= [ F(5)ds 3)
50
Ddi véi s6 licu roi rac thu duge tir qua
trinh thi nghiém, tich phﬁn trén ¢ thé duoc tinh
theo cong thurc sau:

0=2 FAs=2F(6-6.) @
i=1 i=1

Trong do: F, - Luc nén tai thoi diém thir i;

8. - Bién dang tai thoi diém thi i;

8., - Bién dang tai thoi diém thir i-1.

Két qua thu duoc tong ning luong hap
thy khi nén mau 1a Q = 1370,191J.

Do mau thi nghiém c6 ty 1¢ kich thuéc
s0 v6i nguyén mau 1a 1/3. Do d6, theo 1y thuyét
mo hinh twong tu, cac thanh phan luc trén miu
thi nghiém s€ bi giam di 9 lan, nang lugong s& bi
giam di 27 lan. Nhu vay, trén nguyén mau, luc
chéng téi han co thé dat 1a:

F_ =226,14x9 = 2035.22 kN
Tong nang lwong nguyén mau co thé dat 1a:

Q, = 1370,19x27 = 36995,06 J

Két qua md phong 1/4 mod hinh bo
HTNL don tang c6 tham sé h40a25d6 cho ra
két qua luc chéng té1 han 1a 534kN, nang luong
hép thu 12 9306,3J. Nhu vay bo HTNL don ting
c6 thé dat lyc chong gioi han 534x4=2136kN,
ning lugng hép thu dat 9306,3x4=372252J.
Két qua nay so v6i két qua thi nghiém co sai
khac khong 16n.

4. KET LUAN

- Thong qua qué trinh m6 phdng va phan tich,
bo tham sd tdi wu cho bd hép thu nang luong
sit dung cho gian chéng ZHDF4150/31/40 1a
chiéu cao vi phan tir hinh thap h = 40mm, chiéu
rong chan vi phan tir a = 25mm, duong kinh
chan vi phan tir d = 6mm. B9 hip thu ning
luong c6 tong chiéu cao 310mm, bao gdm 7
tang vi phan tir;

- Thi nghiém trén mo6 hinh thu nho cling
cho thay tinh niang ctia b hip thu ning luong
v6i bd tham s6 h40a25d6 ciing c6 tinh ning
tuong tu nhu tinh toan mé phong. Nhu vay, co
thé ap dung phuong phap tinh todn mo phong
nhu trén dé tinh toan thiét ké bo hip thy ning
lugng cho cac gian chdng thuy lyc st dung
trong mo than ham 10. <
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