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XAC DINH KiCH THU'GO'C HQP LY MAI CHINH CUA GIA KHUNG
THUY LUC DI BPONG DUNG TRONG KHAI THAC HAM LO
VUNG QUANG NINH

DETERMINE THE SUITABLE DIMENSION OF THE MAIN ROOF OF THE MOBILE
HYDRAULIC FRAME RACK USED IN UNDERGROUND MINING
IN QUANG NINH REGION

TS. Lé Quy Chién, TS. Buii Thanh Nhu, ThS. Nguyén Thanh Trung
Truong Dai hoc Cong nghiép Quang Ninh

TOM TAT

C6 nhiéu phwong phdp tinh todn cdc chi tiét va may. Noi dung bai bdo nay, nhém tic gia
trinh bay phwong phap xac dinh kich thuoc hop Iy mai chinh cua gia khung thuy luc di dong dung
trong khai thac mé ham 16 ving Qudng Ninh bang phwong phép gidi tich va mé phong sé trén phan
mém ABAQUS [5] dwa vao diéu kién dia chdt mé va cdc yéu 16 khdc nhw vt liéu ché tao, cong nghé
khai thac mo. Khi thiét ké cdc chi tiét va mdy néi chung can phdi liwa chon mét sé théng sé va dat
tdi trong tac dong lén co cdu, sir dung phwong phdp gidi tich, xdy diung mé hinh mé phong dé tinh
todn kiém nghiém kha nang chiu tai cua két cau, cum chi tiét. Tir d6, ta xac dinh dwoc vi tri chiu
ung suat Ién nhat. Theo dé sé dwa ra duoc thong $6 dau vao cho viéc tinh todn, lya chon vt liéu,
hinh dang, kich thiede ciia két cdu theo huwdng hop Iy, tiét kiém va an toan.

Tir khoa: Gid khung thity luc di dong; Chi tiét may; Khai thic mé; M6 phong; Thiét ké;
Kich thuoc hop ly mdi trén.

ABSTRACT

There are many methods of calculating parts and machines. In the content of this paper,
the authors present a method to determine the suitable dimension of the main roof of the mobile
hydraulic frame rack used in underground mining in Quang Ninh region by means of analysis
and numerical simulation on software ABAQUS is based on the geological conditions of the mine
and other factors such as manufacturing materials, mining technology. When designing parts and
machines in general, it is necessary to select a number of parameters and set loads acting on
the structure, use analytical methods, build simulation models to calculate and test load capacity
of structures, detail clusters. From there, determine the position subject to the maximum stress.
Accordingly, input parameters for the calculation and selection of materials, shapes and dimension
of the structure will be given in a reasonable, economical and safe manner.

Keywords: Mobile hydraulic frame rack; Machine details; Mining, Simulation, Design,
Suitable dimension roof top.
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1. PAT VAN PE

Mai chinh 1a mot chinh thé dugce han
lién két voi nhau, chiéu dai 2,4m, chiéu rong
0,81m (ta xét gia chong ZH1800-16/24). Tac
dung cta mai la chdng d& va che kin noc 1o
cho, gitra hai méi gia chéng cach nhau 0,2m dé
tranh hai gia chdng co sat vao nhau trong qua
trinh di chuyén, cac khe hd nay dugc lam kin
bang cac tam day canh [2].

Khi lam vi¢c binh thudng, méi chinh
chiu tac dong truc tiép cua da vach va duoc do
bang 04 cot chong, phan dudi lién két khép véi
xa pha hoa. Toan bd bé mit mai chinh chiju tai
trong phan b hinh thang (hinh 1) [2].

Dé tinh toan mai chinh, ta xay dung mé
hinh nhu sau [2]:

- Mai chinh chiu lyc thang démg do ap
luc mo véi luc 16n nhat Q = 1800kN va phan
b theo dang hinh thang trén toan dién tich xa
mai v6i luc 16n nhat tai diém gan mai pha hoa
va nho dan vé phia tAm chin guong;

- Mai chinh chiu luc day cta 04 xylanh
cot chéng thuy luc voi luc chéng 1a P1, P2
(Hinh 2);

- Mai pha hoa khong chiju luc do dat da
no roi tac dong.

Mo hinh mai chinh (hinh 1) [2]:

T Gmax (KN/m?)
i (KN/?) Nl
\ y .

—

Hinh 1. Kich thuoc va mo hinh mai chinh

2. NQI DUNG NGHIEN CUU
2.1. Tinh ton, kiém nghiém bén mai chinh
2.1.1. Lwa chon vit liéu

- T viéc phan tich vat li€u cua gid
chéng ZH1800-16/24 tai Cong ty Than Nam
Mau duoc két qua vat liéu cho mai chinh nhu
sau [1], [2]:

Vat liéu ché tao mai chinh bao gém cac
loai thép tim véi mac thép Q460C va Q345
theo tiéu chuin GB/T 1591-94. Cac chi tiét
chiu mai mon dung loai thép Q460C, con cac
chi tiét két cau thuong dung loai thép Q345.

Co tinh cua loai thép Q460C theo tiéu
chuan GB/T 1591-94 nhu bang 1 va 2 [1]:

Bdng 1. Thanh phan héa hoc thép Q460C

Béng thanh phan héa hoc (%)

C Si | P S . Al Cr Ni
S M 2 - Z \% Nb Ti _ . p
0,20 | 1~1,7| 0,55 | 0,035 | 0,035 | 0,02~0,2 | 0,015~0,06 | 0,02~0,2 | 0,015 | 0,7 0,7
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Bdng 2. Co tinh cia thép 0460C

Gidi han chay o (Mpa)
N Gi6i han bén Do dan dai
Chiéu day thép (mm) (Mpa) o, frong dbi 5,
<16 >16 ~35 >35~50 > 50 ~100
460 440 420 400 550 ~ 720 17
Co tinh cuta loai thép Q345 theo tiéu chuan GB/T 1591-94 nhu bang 3 va 4:
Bdng 3. Thanh phan héa hoc thép Q345
Béng thanh phan héa hoc (%)
C Si P S . Al | Cr | Ni
< Mn < < < v Nb Ti < < <
0,20 | 1~1,60 | 0,55 | 0,045 | 0,045 | 0,02~0,15 | 0,015~0,06 | 0,02~0,2
Bang 4. Co tinh cua thép Q345
Giéi han chay o (Mpa)
A s Giéihanbén | Do dan dai
Chicu day thép (mm) (Mpa) o, frong déi 5,
<16 >16 ~35 >35~50 >50~100
345 325 295 275 470 ~ 630 21

Vay lua chon vat li¢u dé ché tao gia
chéng 1a cac thép Q460C va Q345 theo tiéu
chuin GB/T 1591-94 ctia Trung Qudc hoic cac
mac thép khac ¢ thanh phan hoa hoc va co tinh
tuong duong [1].

Co tinh cua vat liéu ché tao cac chi tiét
duoc sir dung dé tinh toan, kiém nghiém d6 bén
maéi chinh nhu sau: Thép Q345 ¢ gi6i han bén
1a 5, =470 (Mpa); thép Q460C c6 gi6i han bén
lac, =550 (Mpa) [1].
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2.1.2. Tinh mé-men uon lén nhit cia mdi
chinh

Trong qué trinh chéng giit thong qua
cac khép cau méi chinh truyén luc xudng cac
cot chong tai cac gbi A, B. Do goc giita cot
chéng va phuong dung rat nho nén c6 thé bo
qua thanh phan lyc ngang, vi vay phan lyc lién
két tai gbi A, B chi gdm hai thanh phan phan
luc theo phuong vudng goc voi thanh 1a P1, P2.
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Hinh 2. Bieu do mo-men mai chinh

Két cau hop 1y cia mai chinh sao cho
trong qua trinh 1am viéc, cac xylanh cot chéng
chiu tai trong déu nhau. Khi d6, mdi xylanh
chiu ap luc 16n nhat 1a [2]:

B =P, =2 — 450 (ko (1)

Vi tri cua luc tap trung:

2
=—|P(L, +L, PL,
Q[( +L,)+PL,]

Tinh gid tri lyc tai diém dau mai q_,
g, dua vao cac cong thirc xac dinh trong tim
cua  hinh phang, ta c6 phwong trinh:

(qmin + qmax)g = Q ) (2)

Qmin _%3S—L
qmax_qmin 3L—2S
Tu do, ta duoc:
4035-L) - _ 20
i = Ves 1 I Tes L

V& biéu do luc cit Qy vamo-menuon M

3)

véicacngoai luc tdc dung: Luc phan bddéu dang

hinh thang ¢ =az +

D ivax ~ D
b = Lmax min s
I 49 in

cac phan luc tai hai gbi twa P1, P2.
Gi4 tri md-men udn 16n nhét nhu sau:

Max[M (z)] = Max[Max[M (z),]];
Max[M (z),]; Max[M (2),];

Biéu dd ndi luc nhu trén hinh 2. Qua
biéu d6 ndi luc, ta thiy tai vi tri cach dadu xa L=
1323mm c6 mo-men 16n nhét. Ta kiém tra bén
tai vi tri nay.

Ung sudt nguy hiém nhat duoc xéac dinh:

_ Max[M (2)]
u max _T max

2.2. Tinh mé-men quan tinh mit cat trén xa
ngang

- Xac dinh m6é-men quan tinh cta chi
tiét so vo1 duong trung hoa:

bh’ 5
J,=—+a’F. 4
Zi 12 1 ()

Gia st truc toa do ban diu oxy nhu mo
hinh (Hinh 3).

12
el
el

170

e A
jL/ 0 14

Hinh 3. Tiét dién mdt cdt ngang ciia xa ngang vi
tri nguy hiém
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Dién tich cua cac chi tiét tai vi tri co
mo-men 16n nhat gom 05 chi tiét co6 dién tich
va toa do trong tdim nhu sau:

F =bh;F,=bh;F,=bh;F,=bh;F =bh_

7172 272273 373274 47475

> F, = b, +2b,h, +2b,hy +b,h, + 2bsh,

Thay cac kich thudc, ta c6 dién tich va toa
do trong tam cac chi tiét:

Chi tiét s6 1 co:

F, = 6000 (mm®); Y, = -6 (mm);
Chi tiét s0 2 co:

F,=3063 (mm?); Y, = -18 (mm);
Chi tiét s0 3 co:

F, = 2380 (mm?®); Y, =-109 (mm);
Chi tiet so 4 co:

F,= 8400’ (mm?); Y, =-200 (mm);
Chi tiét s0 5 co:

F,=2548 (mm®); Y, = -103 (mm).

> F, =30376 (mm?).

Trong tdm ctiia mat cat so vdi truc toa do
da chon la:

5
> Eay,

y=- = - 95(mm)

5

2

1

e

X =0 (do cac chi tiét d6i ximg).

Khoang cach tir trong tdm cac chi tiét
dén duong trung hoa:

a, =Y -Y

1

Thay vao dugc: a, = 89 (mm); a, = 77
(mm); a, =-14 (mm); a, =-105 (mm); a, = -8 (mm).

- Xac dinh mo6-men quan tinh cua cac
chi tiét:

3
Jf :&,
12

Trong d6: b — Chiéu rong chi tiét; h —
Chiéu cao chi tiét.

©)

- Xéac dinh m6-men quan tinh cua chi
tiét so vo1 duong trung hoa:

b’ .
J.=—+a'F 6
Zi 12 151 ( )

Thay s6 vao tinh dugc:

J,, = 47598000 (mm*); J,, = 18179460
(mm?); J,. = 505353 (mm®); J,, = 92710800
(mm?); J__=7196401 (mm*);

zZ5

1
J, = J, =166190015 (mm*)
5

biéu kién bén cua chi tiét la:

S LAY

X

Diém nguy hiém nhét 1a diém xa duong
trung hoa nht tuong tng véi toa do Yo = -111
(mm).

Véi viéc su dung vat lieu Q345 co
gioi han bén c, =470 (Mpa), hé sb an toan
chon n = 1,5 thi iing suat cho phép cua thép
la [6] =470/1,5=313 (Mpa) [1].

Viay, tacé: 6, =198,4 (Mpa) < [c] =
313 (Mpa).

Nhu vay, két cau an toan trong diéu

kién lam viéc, dé tang dg tin cdy cho céc két &
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qua tinh toan trén, cling nhu t6i vu hoa két cau
mai chinh, ta st dung phan mém d¢€ phan tich
ung suat ciia mai chinh.

2.3. M6 phéng sb [2]

Mo phong qua trinh chiu lyc cua mai
chinh bang phuong phép mé phong s6 vai vat
lidu duge st dung c6 mo-dun dan hdi E =2.10°
Mpa; hé sb Poat-xong: 0.3; kiéu bai toan: tinh
toan tinh (Static General) [4].

M6 hinh mai chinh chiu tai trong phan
bd hinh thang do tai trong cua dit da véi tai
trong tong cong 1a Q = 1800 kN; maéi chinh
dugc do boi 04 cot chong bang lién két khép.

Két qua kiém nghiém bén ctia mai chinh
duogc trinh bay bdi hinh 4, hinh 5, hinh 6 va 7.

Hinh 4. M6 hinh mdi chinh va lyc tac dung [2]

- K&t qua ing suat trén cac phan tir cua
mai chinh:

Y

Hinh 5. Két qua irng sudt twong dwong

Von — Mises [2]

- Két qua chuyén vi ctua cac phan tir cua mai
chinh:

Hinh 6. M6 hinh chuyén vi ciia mdi chinh [2]

- Hé s0 an toan cua cac phan tir trén mai
chinh:

Type: Safety Factor

Urit: ul

9/22/2015, 10:26:18 PM
15 Max

1,18 Min v

Hinh 7. Hé s6 an toan ciia cdc phan tir lén
mdi chinh [2]

Str dung cd hai phuong phép tinh toan
bang giai thich va mo phong sé déu cho két qua
1a két cAu mai chinh an toan trong qua trinh 1am
viéc. Bang viéc st dung phuong phap giai tich,
tinh toan dugc hinh dang tiét dién ngang hop 1y
cho méi chinh, tir d6 thiét ké mé hinh 3D chi
tiét va mo phong sé dé kiém nghiém lai, 1am
can cu cho viéc tinh toan xac dinh kich thudc
hop 1y vé hinh dang két cau chi tiét mai chinh
gia khung thay luc di dong.

3. KET LUAN

Trén co s tinh toan bang phuong phap
giai tich, tr két qua kiém nghiém mai chinh
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dung phan mém ABAQUS, di dat duoc nhimng
két qua sau day:

- Thiét 1ap duoc cong thirc tong quat dé
tinh toan d¢ bén ctia mai, ung dung vao truong
hop cu thé 1a gia khung ZH1800/16/24Z;

- Str dung phuong phap mé phong sé dé
kiém nghi¢m lai d¢ bén cuia mai trén lam tang
thém do tin cdy cua cac két qua tinh toén;

- Cac két qua tinh toan cho thdy mai
chinh déu dat diéu kién bén, phuong phap tinh
toan dé lya chon ra cac thong sb hop 1y cho két
céu mai chinh.

Tir két qua nay cho thay c6 thé ap dung
phuong phap trén dé kiém nghiém céc chi tiét
dang mai, dam cua céc thiét bi chéng khac dung
trong khai thac him 10 & ving Quang Ninh. <

Ngay nhan bai: 01/7/2023
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