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Study on developing a method for monitoring the load model
on dump trucks transporting overburden at open-pit mines
for digital transformation

Le Ba Phuc!, Do Van Trieu!, Dang Tien Anh!, Tran Dinh Bao?
I [nstitute of Mining Science and Technology, Ha Noi, Vietnam

2 HaNoi University of Mining and Geology, Ha Noi, Vietham

ABSTRACT

In the production technologies of open-pit coal mines, rock fragmentation by drilling and
blasting is an effective technological solution in terms of both economic and technical aspects.
However, under conditions where the geotechnical and hydrogeological characteristics change at
deeper levels, blasting with a large, concentrated amount of explosives can pose negative impacts on
the stability of the pit walls and underground structures such as tunnels beneath the open-pit mining
area.Accordingly, by studying and simulating blasting responses in various water-saturated rock and
soil conditions using a 2D LS-Dyna model—incorporating the physical-mechanical parameters of the
rock and the hydrogeological characteristics typical of deep open-pit coal mines under TKV—this
research provides a visual representation and identifies the propagation and attenuation of stress
waves in the deep rock and soil environment. Simultaneously, based on these simulation results, a set
of technical solutions is proposed to enhance safety for deep open-pit mines with underlying
underground structures.

Keywords:
Blasting simulation, Blasting-induced stress waves, Open-pit and underground relationship.

*Corresponding author.
E-mail address: trandinhbao@humg.edu.vn
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Nghién ctru xay dung phwong phap giam sat mo hinh chat tai
trén cac 6 td van chuyén dat dat da tai cic mo 10 thién phuc vu
chuyén do so

Lé B4 Phirc!, D6 Van Triéu!, Dang Tién Anh!, Tran Dinh Bao?

' Vién Khoa hoc Cong nghé Mo - Vinacomin, Ha N¢i, Viét Nam
2 Trwong Pai hoc Mo - Dia chat

TOM TAT

Tai cdc ma 1¢ thién, hoat dong van chuyen dat da chu Yéu van dwgc thue hién bang 6 té, trong
dé mé hinh chdt tai trén thung xe dwoc xdy dung chi yéu dé phuc vu cong tdc thong ké khoi lwomg
vdn chuyén. Tuy | nhién, cac mé hinh nay chwa xem xét day du yéu to can bang tai trong, dan dén tinh
trang léch tai, gay tang ap luc cuc bo Ién khung sudmn va l6p xe, lam méo khung, tang hao mon thiét
bi, tir d6 lam gia tang chi phi swra chiva, bdo dwdéng va thay l6p. Bén canh do, cong tdc ngh:em thu sé
chuyen van tai van thue hién thu cong (dém chuyen, viét phiéu), thiéu tinh chinh xdc va k:p thoi. Bai
bdo dé xudt gidi phdp trng dung cong nghé quét laser 3D trong gidm sat mé hinh chdt tai cua 6 to
van chuyen ddt dd tai cac mo lo thién. Phwong phdp nay cho phép thu thap dix liéu hinh hoc chinh
xdc vé mo hinh chat tdi, tir dé ddnh gid duoc sw phan bé'tditrong, toi wu hoa thé tich chira, nang cao
hiéu qud van hanh phwong tién va sé héa cong tdc qudn ly nghiém thu khéi luong van chuyén, gop
phan thiic ddy qud trinh chuyén déi so trong nganh khai thdc mé.

Tir khoa: Mo hinh chat tai, canh bao chat tai, phan mém giam sat chat tai.
1. M¢ dau

Hién nay, cac mo than 16 thién thu6c TKV chi yéu van str dung hinh thirc van tai 6 to
don thuan dé van chuyen cac loai ddt da va than khai thac, v@i khoang 1027 chiéc 6 t6. Trong
d6 c6 785 chiéc 6 to van chuyén dit da, chiém 76% tong so lu'cmg 0 to dang hoat dong, da
phin cia cac hang xe nhu: CAT, Komatsu, Benlaz ¢6 trong tai tir 36+130 tan.

Vat tw tiéu hao chu yéu cta 6 to la 16p, don gia mot qua 16p cho cac loai xe trong tai tir
55+130 tan khoang 202+375 triéu VNDP/qua, twong trng 1,21+2,25 ty dong/bo cho mot xe.
Chi phi 16p 6 to chiem khodng 16%, chi phi stra chira chiém khoang 8%, tong chiphilop + chi
phi stra chira chiém khoang 30% gid thanh van chuyen 1m3 datda (cung do tir 4+7 km). Mot
trong cac nguyén nhan lam tang chi phi khau van tai xuat phat tir viéc chat tai 'khong hop ly
va trong tai chuyén ché khong dam bao. Chat tai khong hop ly dan dén mat can bang trong
tai trén thung xelam tang &p luc lénkhung do xe, 16p xe tai vi tri trong tam khoi dat da hudng
dén, lam méo khung d&, tang hao mon 16p, tir dé tang chi phi stra chira, bao dwdng, chi phi
thay thé 16p. Qua trong tai sé mat an toan, chi phi I6p, nhién liéu va cac vat tw thay thé tang,
nguoc lai thiéu thiéu tai sé anh hwong dén nang sudt, gia thanh van tai.

Mo hinh chat tai mau cac loai dat da trén thing xe 0 t6 dwoc cac mo than 10 thién xay
dungva ban hanh chu yéu phuc vu cong tac quan ly xtic bdc va van chuyén, tuy nhién cac mé
hinh chét tai mau c6 dim bao yéu t6 can bing trong tai hay khong, trinh tw chat tai 1én thing
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xe dé tao ra mo hinh la chwa 6 co s& khoa hoc dé danh gia, va qua trinh giam sat mo hinh
chu yeu thue hién bang quan sat truc quan dinh tinh dé danh gia xe ché dat da thiéu tai hoidc
qua tai.

Do do, nghién ctru xay dung phuong phap giam sat mo hinh chat tai trén cac 6 toé van
chuyén dat da tai cac mo than 16 thién thugéc TKV trong phong thi nghiém voi mo hinh twong
duongty 1é 1:25, vat liéu tuwong duwong cdc loai datda dang van chuyén tai cac mo, va phuong
phap quét Laser 3D mat dat giam sat dung tich chat tai, dé xay dung mo hinh chit tai mau,
dam bao yeu t6 khoi lu’(rng chat tai, phan bo tai trong va canh bao viéc thwc hién mo hinh
chat tai cua may xuc. Bong thoi, két qua nghién ciru trong phong thi nghlem la co s& khoa
hoc dé trién khai két qua nghién clru ngoai hién triromg va (rng dung vao thue té san xuat tai
cac mo.

2. Dir liéu va phwong phap nghién ciru
2.1. Co s& xay dwng mo hinh chat tai

Thyc t€ hinh dang dong da trén thing xe dwoc hinh thanh do sy két hop céc hinh nén
giao nhau khi may xic do tailén thing xe. Dé chira day thi ung xe, s6 gau xic hop ly cia may
xuc thuong 4+6 gau, va tho lai may xuc o thé do tai tai cac vi tri khac nhau trén thung xe tao
ra cac hinh nén giao nhau hodc co thé dat tai tai mot vi tri tai tam thung xe dé cac hinh non
chong 1én nhau tao ra hinh dang khoi dat da trén thung xe (hinh 1).

O phia truwoc, 2 bén thanh thung xe, dong chay vét liéu khi do tai sé bi can tré béi thanh
do do goc nghi vat liéu & phia trwdece, hai bén, phia sau thiing xe khac nhau va méi loai vatliéu
do tai khac nhau, goc nghi vatliéu trén thung xe khac nhau. Goc nghi vat liéu trén thung xe la
yéu to co ban dé hinh thanh mo hinh chat tai (Henze, 2015).

Mot mo hinh chat tai hop ly khi dap (rng cac yéu cau sau:

- batda co thé trong lom, khoi lwong dat da trong thling xe (Qu) phai dam bao diéu kién
0,9.Quk <Qux < 1,1.Qu, (Quk trong tai thiét ke cuiaxe). Doi v dat da thé trong nho, dung tich dat
da trong thung xe chira dwoc lon nhat (Komatsu, 2013);

- M6 hinh chat tai phai phit hgp vai kich thudce hinh hoc thiing xe. Vatliéu & chan hinh
non thap hon thanh thung xe;
-Dgléch tam (Lr, cm) theo phwong ngang gitra ciia khoitam datda T (X, Y) trong thing
xe v(i trong tam cua thung xe C(0, 0) (hinh 1) 1a nho nhat.
- Dam bao hinh dang bé mat vat liéu chat tai 6n dinh khong bi roi vai trong qua trinh
van chuyén.

Phuong an chat tai A Phweng an chét taiB Phuong an chat tai C

Hinh 1. Cac phwong an chat tai trén thung xe

1,2, 3, 4: Thir tw, vi tri chat tai & gau xic lén thung xe é té. Phwong dn A: Tai tap trung
phia sau; Phwong dn B: Tai tap trung bén phai; Phwong an C: Tai tdp trung o gitra.
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2.2. Mo hinh chat tai t6i vu
yis)
~ 0t6 cho dat da duoc thiét ké : !
dé chay téi wu khi tong trong lwong - s
cua xe (trong tai + tw trong) dwoc ®

phan bo déu giira tat ca sau 16p. Vi "

¢6 hai lop & truc trudc va bon 16p & »

phia sau, do d6 phan bo trong tai xe e _____;%.E!'_,_____ _____ o
tai truc trwoc, truc sau khac nhau. Texyy 4

Theo thiét ké hang xe, trong
tam thung xe C(0,0) 1 diém giao * -
nhau gitra dwong trung tuyen cua "
chieu dai (L) va chiéu rong thiung xe
(W) (hinh 2) (Henze, 2015). Hinh 2. Trong tdm cua thung xe

M6 hinh chat tdi toi wu khi L, W: Chiéu dai, chiéu réng thung xe; FR: Truc trwéc bén
khoi tam caa vat liéu trén thung xe  phdi; FL: Truc trwée bén trdi; RR: Truc sau bén phdi; RL
trung T (X, Y) trung véi trong tdm  Truc sau bén trdi; T (X, Y): Khdi tam dat dad trong thung xe;
C,hay do léch tam LT = 0. Ly: D6 léch gitra khéi tam ddt da va trong tdm thiung xe

Sosawd T IRCH R s

2.3. Xdc dinh mé hinh cht tai phit hop cho cdac xe van tai dat dd trén mo 19 thién thupc TKV
a. Muc dich thi nghiém

Bang cach chat tai cac loai vat liéu twong dwong dat da cua mo than 16 thién tai cac vi
tri khac nhau trén cac loai thung xe mo hinh, tao ra cac dir liéu vé mo hinh chdt tai, danh gia,
Iwra chon mo hinh chat tai phu hop va sir dung may quét Laser 3D mat dat quét mo hinh chat
tai ph hop, xac dinh dung tich chat tai trén thung xe. Tlr d6, danh gia tinh kha thi, hiéu qua
phwong phap giam sat canh bao mo hinh chat tai trén cac 6 t6 van chuyén dat trong phong
thinghiém, lam co s& dé trién khai thwe nghiém ngoai hién truong

b. Lwa chon thiét bi van tai xay dung mo hinh

Trong tong s6 khoang 626 chiéc 6 t6 khung cirng van chuyén dat da trén cac mo than
16 thién TKV, dong xe CAT va HD ctia Komatu c6 trong tai tir 55+96 tan la 544 chiéc, chiém
87% tong s0 0 t6, khoang 544 chiéc, xe Benlaz c6 06 chiéc, chi€m 0,96%, con lai 1a xe khung
dong. Toan bo tw trong va trong tai ctia xe khung cirng déu dat trén b6 khung, do dé trong tai
dat da trén thung xe anh huong truc tlep dén hiéu qua hoat dong ctia xe. D6i véi xe khung
dong, dau xe va thung xe c6 két cau roi, do do trong tai trén thiung xe khong tac dong nhiéu
dén hoat dong cua xe. Pac trung cho xe trong tai 91+96 tan, lwa chon xe la CAT 777D, trong
tdi 96 tdn; xe c6 trong tai 55+58 tdn, lva chon xe HD 465-7R (55 tn) dé xay dung mo hinh
twong dwong. Dong bo véi 6 t6 CAT 777E [96 tan) la may xuc dung tich gau 12 m?3, véi 6 to
HD 465-7R (58 tan) la may xtic dung tich gau 6,7 m? (Lé Ba Phic, 2022).

Bang 1. Théng sé ky thudt cua thiét bi van tdi lwa chon xdy dung mé hinh

| Thiétbj thyctg | Mo hinhtwong
) Pon dwong ty lé 1:25
i L2 Thong 56 vi CAT HD CAT 4}2;
777D | 465-7R | 777D 7R
1 | Trong tai thibt ké (Qu), kg kg | 96.000 | 58.000 | 6,144 | 3,75kg
2 | Kich thuéc thung xe - |'
| - | Chiéudai (L) cm 7234 645 28,94 25,8
| - | Chiéurdng (W) cm 520 387 208 | 15,48
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3 | o
2 | Dung tich thung xe (SAE 2:1), c]:?r' 60.100 | 34.200 3,864 2,189
3 }L S6 lwong gau xtic day thiing xe giu 6 6 6 6
4 Pihm ]l.l’l_)‘[]g dat da moi gau xtc chat tai kg 16000 | 9167 1024 | 0587
| 1én thung xe, kg - [ o =

Kich thuwdc mé hinh thung xe twong P
duong bang ty 1é 1:25 kich thudc thing xe e A
thuc té theo Catoluge ctia Nha san xuat. Thé
tich, trong tai thung xe, trong lwong moi gau

xtic dwoc xac dinh theo ty 1é thu nho cua . ,/
khai 1ap phwong. Vi tri cdc thanh chong chiu

y

lwe dwoc xac dinh theo thong so Catalogue ‘e

xe ctia Nha san xuat véi ty 1& thu nho twong - N T
dwong. Q j
u;‘ ‘_H_'_""‘I-r—-._.
1 =

Dé xac dinh phan bo tai trong xe theo
thiét ké Nha san xuat, tai vi tri chiu tai trong
tai truc truwde, truc sau ctia xe duoc gan cac -
thanh chéng chiu lwe bang thép, vi tri cac "
thanh chong dwoc xac dinh theo theo chiéu >
dai (L), chieu rong (W) thung xe thé hien & Hinh 3. Mé hinh thung xe ty lé 1:25 cua xe
hinh 1a. Str dung cac can dién tir c6 do chinh AR QL NG XER) 15 Sim 0 € FUL &
xac tinh bang gram dé xac dinh phan bé tai CAT 777D (96 tf’”) i phwong phdp xdc dinh
trong lén cac truc (hinh 3). phan bo tai trong xe

> Thanih ching

c. Lwa chon vat liéu tvong dwong sir dung thi nghiém

Trén co s¢ dac tinh cac loai dat da dang dugc van chuyén bing 6 to, gom dat da phu,
dat da bai thai ci, diat da nd min, cac loai vat liéu twong dwong st dung thi nghiém nhu sau
(TKV, 2020):

- Pat sét kho gio, thé trong nd rovi 1,33 g/cm?, goc nghi tw nhién 33,5°, twong dwong dat
pht bé ti;

- Pa dam c6 kich thuére cor hat < 0,5¢m, thé trong no roi 1,62 g/cm?, goc nghi tw nhién
36,60, twong dwong voi dat da bai thai ci o phan tang trén cé dwong kinh co hat dat da trung
binh phan tang trén hpure: dwe = 0,1 m;

- Pa voi phai tron, st dung 02 loai:

+ Loai 1: Str dung cac loai da voi nghién nat c6 kich thuéc twong duong theo ty lé 1:25
kich thuérc cac thanh phin o hat cia dat da né min dwdng kinh trung binh dw= 0,35m, phoi
tron theo ty 1é tao ra vat liéu tvong dwong, thé trong no roi 1,84 g/cm?, goc nghi tw nhién
36,60. Dat da bai thai ci phan tang gitra hptg: dwg = 0,31 m cling st dung loai vat liéu nay
trong thi nghiém;

+ Loai 2: Phéi tron cac loai da voi nghién nat theo ti 1¢ dé tao ra vat liéu tuong duong
vGi dat da bai thai cii phan ting dudi hptd: dia = 0,56 m, vatliéu sir dung c6 thé trong no roi
1,835 g/cm3, goc nghi tu nhién 37°.

d. Lwa chon md hinh chat tai thir nghiém

Theo v tri chiu tai trong tai truc trrdc, truc sau cla xe, Iya chon 5 mo hinh chat tai, gom: 1.
M6 hinh A: Tai tap trung déng trudrc; 2. M6 hinh B: Taitap trung vé dang sau; 3. M6 hinh C: Tai thién
vé bén trai; 4. Mo hinh D: Tai thién vé bén phai; 5. M6 hinh E: Tai tap trung chinh gilta (hinh 6).
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Hinh 4. Thir tw chdt tai cua tirng mé hinh

Qua trinh d6 tai moi gau vat liéu twong dwong 1én cac vi tri trén thung xe theo cac mo
hinh thir nghiém theo thir tw 1, 2, 3, 4, 5, 6 nhu hinh 4.

3. Noi dung va két qua dat dwoc
3.1. Thi nghiém mé hinh chat tai

Cac mo hinh chat tai (Hinh 4) theo cac loai vat liéu twong dwong trén cac thung xe CAT
777D va HD465 -7R dwoc ki hiéu thé hién bang 2.

Bang 2. Ki hiéu thi nghiém mé hinh chat tai

TT | Vatliéutwong | Ki hiéu thi nghiém
dwong thinghiém | M6 hinh A | M6 hinhB | M6 hinh C | M6 hinh D | M6 hinh E
1 | batsét kho SA SB SC SD SE
2 | bPadam DA DB DC DD DE
3 | Pavdi phdi tron loai 1 PA-1 PB-1 PC-1 PD-1 PE-1
4 | Pavoi phai tron loai 2 PA-2 PB-2 PC-2 PD-2 PE-2

Qua trinh thi nghiém nhw sau: Can cir vao két qua céc chi tiéu twong dwong trén mé
hinh ty 1€ 1:25 tai bang 3, tién hanh d6 tai 1,024 kg vat liéu twong dwong lén thung xe mo
hinh cta 6 t6 CAT 777D; d6 0,587 kg vét liéu 1én thung xe HD465 -7R theo thir tw chat tai ctia
tirng mo hinh da duoc xac dinh hinh 6. Qua trinh chat tai dwoc dirng lai khi d6 hét 6 gau xc
twong dwong 1én thung xe hodc vat liéu trén thiung xe da day, tran qua thanh thung xuéng
dat. Ghi lai cac thong s6 khoi lwong tai cac cin dat trén cac thanh chong chiu tai tai truc truéc
bén phai, truc trwére bén trai, truc sau bén phai, truc sau bén trai. Pay 1a co s¢ div liéu dé xac
dinh: Dung tich chira dat d4, trong tai thuc té, phan b6 tai trong va do léch tam khéi dat da.

Két qua thi nghiém mo hinh chat ti véi xe HD465 - 7R, thé hién hinh 5+8.

\ . > 3 = o - cr k" -'---.»
M6 hinh SA Mo hinh SB M6 hinh SC Mo hinh SD Mo hinh SE
Hinh 5. M6 hinh chat tai thi nghiém véi ddt sét khé (twong dwong ddt phi Pé tir)
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1.

M6 hinh DA

3 e
M6 hinh DD M6 hinh DE

Hinh 6. M6 hinh chat tai thi nghiém voi da dam (twong dwong dat da thai phan tang trén)
_ ey .

=

; % | - €
Mo hinh PB-1 Mo hinh PC-1 Mo hinh PD-1 M6 hinh PE-1

Hinh 7. M6 hinh chadt tai thi nghiém véi da voi phoi trén loai 1 (twong dwong ddt dd né min va
ddt da bai thai phan tdang gita)

Mé hinih PA<2 Mo hinh PB-2 Mo hinh PC-2  Mé hinh PD-2 M@ hinh PE-2

Hinh 8. M6 hinh chat tai thi nghiém vei da véi phoi tron loai 2 (twong dwong dat da bai
thai phan tang dwoi)

Két qua thi nghiém mo hinh chat tai vai xe xe CAT 777D thé hién hinh 9+12.

M6 hinh SA Mo hinh SB M6 hinh SC M6 hinh SD Mo hinh SE
Hinh 9. Mé hinh chat tai thi nghiém véi dat sét khé (twong dwong dat phi Dé tir)
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MohinhDA  MohinhDB Mo hinh DC M6 hinhDD Mo hinh DE
Hinh 10. M6 hinh chdt tai thi nghiém véi da dam (twong dwong ddt da thdi phdn tang trén)

B

B

P -

M6 hinh PA-1 M6 hinh PB-1 M6 hinh PC-1 Mo hinh PD-1 M6 hinh PE-1

Hinh 11. M6 hinh chdt tdi thi nghiém véi dd voi phoi tron loai 1 (twong dwong ddt dd né min
va dat da bai thai phan tang gitra)

M6 hinh PA-2 Mo inh PB-2 M6 hinh PC-2 ‘ Mo hinh PD-2 M6 hinh PE-2
Hinh 12. Mé hinh chat tai thi nghiém veéi da voi phoi trén loai 2 (twong dwong dat da
bai thai phan tang dui)
Duwa trén so liéu thu duoc tir cac thiét bi xac dinh trong tai trén cac truc cia thung xe,
két qua tinh toan vé kha nang chuyén chd vat liéu (dung tich, trong tai), phan bo trong tai
theo 05 mo hinh chat tai thi nghiém va&i cac vat liéu twong dwong the hién bang 3.

Bang 3. Két qua thi nghiém trén mé hinh chdt tdi cdc loai xe dién hinh

M6 HE e Cn T Trong tai chuyén ché P§ léch tam, cm
. . trong thung xe
Loai hinh ——— > =
: Thiét ke, Chénh i Chénh
xe thi ) Thuc 2 Thiét | Thuc 5 L,
hiém em3; té, cm? ech, ké, g té, g lech;, | Boem | Y.om cm
HEWET | saE2i | ™ % ’ : %
SA 1.787 | -18% 2398 | -36% | -1,67 -0,58 | 1,77
HD SB 1.759 | -20% 2360 | -37% | -1,84 | -0,55 | 1,92
465 SC 2189 | 1785 | -18% | 3.750 | 2.396 | -36% | -1,81 -0,60 | 1,90
2n |SD | 1.773 | -19% 2380 | -37% | -1,82 | -0,54 | 1,90
SE 1.826 | -17% 2.450 | -35% | -1,60 | -0,60 | 1,71
DA 2.189 2.254 3% | 3.750 | 3.651 | -3% | -2,67 | -0,19 | 2,67

=
LN
|
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Mo Dung tch L}}u'a dat i Trong tai chuyén cho bo léch tam, cm
Loai hinh o tr;ongthung e . T
xe thi Thicthe, Thuc C}}enh Thiét | Thuc L!jenh L;
nghiém e, té, cm3 tpehy ké, g té, g loeki, | Rjem | Xoian cm
i SAE 2:1 ' % ' ' %
DB | 2.118 -3% 3.431 -9% -1,64 -0,03 | 1,94
DC 2272 4% 3.680 -2% -2,17 | -046 | 2,22 |
DD 2.246 3% 3.638 | 3% | -2,46 | -0,10 | 2,46
DE 2.248 | 3% | 3671 | 2% | -1,89 | 0,10 | 1,89
PA-1 1.992 -9% 3.665 -2% -3,16 | -0,31 | 3,18
PB-1 1.956 | -11% 3.599 -4% -298 | -0,36 | 3,00
PC-1 2.189 1957 | -11% | 3.750 | 3.600 -4% -2,58 | -0,59 | 2,65
PD-1 2.007 | -8% 3.693 | 2% | -2,57 | -0,04 | 2,57
PE-1 1.990 | -9% 3.661 | -2% | -2,25 | -0,20 | 2,26
PA-2 1.992 | -9% 3636 | -3% | -334 | -0,33 | 3,36 |
PB-2 1956 | -11% 3607 | -4% | -3,73 | -0,45 | 376
PC-2 2.189 1957 | -11% | 3.750 | 3619 | -3% | -2,52 | -0,58 | 2,59
PD-2 2.007 | -8% 3.657 | 2% | -2,61 | -0,04 [ 2,61
PE-2 1994 | -9% 3.660 | -2% | -0,59 | -0,05 | 0,59
SA 2940 | -24% 3957 | -36% | -182 | -2,00 | 2,70
SB 2.846 | -26% 3831 | -38% | -1,73 | -0,18 | 1,74 |
SC 3.864 2.884 | -25% | 6.144 | 3.882 | -37% | -1,83 036 | 1,87
SD 3.009 | -23% 3950 | -35% | -1,87 0,37 | 1,90
SE 2954 | -23% 3.973 | -35% | -1,58 | -0,18 | 1,59
DA 3.780 | -2% | 6.124 | -03% | -341 | -2,13 | 4,02
DB 3.776 -2% 6117 | -04% | -2,35 | -2,54 | 3,47
DC 3.864 3.781 -2% | 6.144 | 6.126 | -03% | -3,00 | -2,80 | 4,10
DD 3.740 | -3% 6.059 | -1,4% | -2,10 | -2,22 | 3,05
CAT DE 3.759 | -2% 6.100 | -0,7% | -2,14 | -1,98 | 2,92
777D | PA-1 3.328 | -13% 6.124 | -03% | -315 | -2,48 | 4,00
PB-1 3.310 | -14% | 6.090 | -09% | -191 -2,82 | 3,41
PC-1 3.864 3286 | -15% | 6.144 | 6.046 | -16% | -2,58 | -2,02 | 3,28
PD-1 3326 | -14% 6.119 | -0,4% | -2,58 | -2,02 | 3,28
PE-1 3.315 | -14% 6.101 | -0,7% | -2,54 | -2,03 | 3,25
PA-2 3.311 | -14% 6.075 | -1,1% | -332 | -254 | 418
PB-2 3.326 | -14% 6.103 | -0,7% 2,39 | -2,87 |3.74
PC-2 3.864 3312 | -14% | 6.144 | 6078 | -1,1% | -2,52 | -3,10 | 4,00 |
PD-2 3.302 | -14% 6.060 | -1,4% | -2,61 | -2,38 | 3,54
PE-2 3.318 | -14% 6.088 | -0,9% | -0,66 | -1,92 | 2,03

3.2. Két qua thi nghiém
a.Lwa chon mo hinh chat tai

Tlr 40 md hinh chat tai thi nghiém trong phong, cho 4 loai vat liéu dai dién cho dét phu,
dat da bai thai cii va dat da nd min trén mo hinh twong duong ty lé 1:25 cua xe HD 465 7R,
CAT 777D thé hién bang 4, cho phép rut ra két luan sau:

- M6 hinh E Tai tdp trung chinh gitra, c6 do 1éch tam tai trong la nho nhat, khoi lwong
chat tai doi vai dat da dat da no min, dat da bai thai ct phan tang gitra va dudi trén thung xe
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Q= (0,98+0,994).Qtk, dam bao yéu cau theo khuyén cao ctia Nha san xuat. Nhw vay, mo hinh
chattai phu hop dwoc lwa chon theo thir tw wu tién sau: Mo hinh E>D>C>B > A.

- Doi voi déat phu Dé tir, dat da phan tang trén, trong tai dat da trong thung xe bing
62+66% so voi trong tai thiét ké cua xe, dung tich bang 74+83% véi dung tich chira dat da
thung xe theo tiéu chudn SAE (2:1), day la co s& dé xdy dung canh bao dung tich dat da trong
thung xe khi van chuyén dat phu trén cac mo than 16 thién thudc TKV.

Tién hanh kiém tra sy 6n dinh md hinh chét tai E khi 6 to di chuyén theo diéu kién
twong dwong ngoai thuc té cia mo than 16 thién: Do déc doc tuyén duong 8%, toc do o tai
xe CAT 777D: 11,4 km/h (hinh 12).

déc

Hinh 12. Kiém tra 6n dinh mé hinh chdt tdi E déi véi ddt da phéi trén loai 1 cia xe CAT 77D.

Két qua cho thdy: trong qua trinh 6 té di chuyén 1én, xudng dédc, vat liéu trén thiing xe
khong bi roi vai xuéng dwong mé hinh chét tai dim bao 6n dinh. Két qua do goc vat liéu trén
thing xe thé hién & bang 5.

Bdng 4. Goc doc vat liéu van chuyén trén thing xe

Goc déc vat liéu trén thung xe, dd
T Vat lidu Truéc Sau Bén canh
T T CAT HD CAT HD CAT HD
_ 777D | 465-7R | 777D | 465-7R | 777D | 465-7R

1 | Datsét o 23 22 21 20 23 24
2 | badam 28 24 28 32 30 30 |

ba voi phai tron loai 1 (dy =
3 |0,35m) 25 23 29 31 30 29

ba véi phoi tron loai 2 (dy, =
4 | 0,46m) 25 25 30 32 29 29 |

Nhuw vay, mo hinh chat tai pht hop véi dat da van chuyén tai cac mé than 16 thién lua
chon la mo hinh chat tai E, v&i trinh tw chat tai 1én thung xe tap trung & trong tim thung xe

b. Pé xuat cong nghé Laser 3D trong giam sat mo hinh chat tai

Thiét bi quét laser 3D dwoc lua chon dé quét thung xe ¢6 tai, khong tai thi nghiém véi
cac thong s6: Khoang cach quét: 0,5m - 130m; toc dod quét: téi 1.000.000 diém/gidy; camera:
hé thong 3 camera 36 MP ghi lai di¥ liéu tho 432 MPx cho hinh anh hinh ciu 360 ° x 300°
dwoc hiéu chinh; Dac tinh quét mau dong: tw dong thich nghi véi do sang; Trwong quét thing
ding: 300°.

* Thuc hién kiém chirng

Tién hanh quét Laser 3D thung xe khong tai mé hinh xe CAT 777D dé xay dung co s&
dir liéu ban dau phuc vu cho tinh toan dung tich chat tai.

Sau d6 quét thung xe c6 tai theo mo hinh chat tai E cta cac loai vat liéu twong dwong.
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Két qua quét Laser 3D thung xe CAT 777D khong tai co tai thé hién hinh 13.

a, Mo hinh SE b, M6 hinh DE
¢, Mo hinh PE-1 d Mo hinh PE-2

Hinh 13. Dir liéu dam may diém quét laser 3D mo hinh chat tai E cua xe CAT 777D cho
cac loai vat liéu twong

Tlr dir liu quét thung xe khi c6 tai va co s¢ dir liéu thung xe khong tai. Qua plmn meém
xtr ly dir liéu xac dinh dunCI tich dat da trén thung xe mo hinh “chat tai E cho cac loai vat liéu
twong duwong va sai so gitra dung tich tinh toan véi dung tich thue té do truc tiép qua can
khoi Iu(mg, thé hién hanu 5

Bdng 5. Két qua tinh todn dung tich thiung xe bang may quét Laser 3D va sai sé gitra cdc
phuong phup xdc dinh dung tich ddt dd trong thiing xe theo mé hinh chat tdi E

I [ Phwong phap xac dinh dung tich dat da trong thung xe
TT | M6 hinh chattai | Quét Laser 3D mat = Do dac truc tiép, Chénh lech %
—+ | datem’ @ | cm? N DA
] SE_ | 2.978 2954 | 0,81
2 | DE | 3750 _ 3.759 | 024
3 | PE1 _ 3305 3315 | 0,30
4 | PE-2 3.302 3.318 | -048

Qua bang 6 cho tlmy giam sat mo hinh let &11 han;‘ phuwong phap {1uet Laser 3D mat
datco do th['ll'l xac cao, ty lé chénh léch nho hon +/-1% (tir 0,24+0,81%) so voi dung tich do
dac trwc tiép. Phuwong phap giam sat mo hinh (hdt t Ai bang quét Laser 3D mat dat, ngoai st
dung dé canh bao khoi lu yng chat tai trén lhlm;_, xe, con dam ha“ tinh chinh xac dé ing dung
trong cong tac thong ké khoi lwong dat boc van tai bang 6 to, phuc vu cong tac quan ly san

lwong cac mo than 16 thién.

Trén co so thi ngjlnem trong p]mnv va kiém tra muirc do chinh xac cua cong nghé quét
Laser 3D, bai bao dé xuat Hé tlmng giam sat, canh bao dung tich chat tai (Hinh 14] voi phan
clrng va phan mém nhuw sau:

- Phan clrng: May quét Laser 3D: Dwa vao ky thuat phat va thuanh sang phan xa ngwoc
tir bé mit déi twong bang nang Iunng, song Laser dé ghi nhan dac diém doi twong trong khonG
gian; may tinh luvu triv va xu ly div liéu;



Advances in Surface Mining for Environmental Protection and Sustainable Development — 2025

ats 4O n

Hinh 14. Hé théng giam sat, canh bdo dung Hinh 15. Giao dién phdn mém gidm sdt
tich chat tdi dung tich chdt tai

- Phan mém giam sat dung tich chat tai: Tinh toan thé tich chira tai tir dam may diém
nhan duoc tir hé thong quét Laser 3D. Theo thong s6 ky thuat ctia xe dwa ra canh bao vé chat
tai cla xe.

4, Két luan

D liéu thu thap duoc tir qua trinh thuc nghiém trong phong thi nghiém phwong phap
giam sat mé hinh chat tai trén cac 6 té van chuyén dat da tai cac mo than 16 thién thudc TKV,
cho thay:

- M6 hinh chét tai pht hop la M6 hinh chat tai E: Tai tap trung khu vue trong tam thung
xe, c0 d0 léch tam tai trong la nho nhat, khéi lwong chat tai doi voi dat da nd min, dit da bai
thai cii trén thung xe twong duwong trong tai thiét ké cta xe. Dung tich chira dat phu bé ti
theo m6 hinh E 1ém nhét. Thi tw chat tai 1én thung xe don gian, dé dang thuc hién cho tho lai
may xuc

- Phuong phap giam sat mé hinh chat tai céng nghé quét lazer 3D mat dat c6 tinh chinh

xac cao, ty 1¢ chénh léch nho hon +/-1% (tir 0,24+0,81%) so véi dung tich do dac truc tiép,

va co the Lrng dung trong cong tac thong ke khéi lwong dat boc van tai bang 6 to, phuc vu
cong tac quan 1y san lwong cac mo than 10 thién.

Két qua thu dwoec tir phong thi nghiém c6 do tin cdy cao, dam bao co sd& khoa hoc dé
trién khai thwce hién ngoai nghlem phwong phap giam sat mo hinh chat tai trén cac 6 to van
chuyén dit da hién truomg mo than 16 thién.
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