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TOM TAT

Bai bao nay trinh bay két qua nghién ctru 1y thuyét xay dung mdi quan hé giira cac hé sb can lin, hé s6 bam cua
may kéo banh xich véi ty s giita ap luc trung binh va cho phép ciia dong co khi lam viéc trén dia hinh ddc doc.
Day 1 hai trong sb cac théng s6 dugc nghién ciru xay dung phuong trinh tinh ma khong can sir dung phép lap s6
hoc va c6 thé ap dung trong thuc té. Cac thong s da nghién ctru bao gém: kha nang chiu tai ctua dat dudi tac
ddng ctia ddng co banh xich, phu thudc vao tinh chét vat Iy va co hoc cua dét, ¢ tinh dén do déc; chidu sau cia
vét Itn; ap lyc trung binh va cho phép cta dong co bi gidi han boi d6 sau vét 1an; hé sb can lan cua xe di chuyén
trén doc; hé s6 bam ctia banh xich voi bé mit dét, co tinh dén su suy yéu cua dit khi lam viée. Cac thong s6 nay
gitip Iwa chon thiét bi khai thac phit hop véi didu kién do dbc va loai dit khac nhau. Ly thuyét dong luc hoc may
kéo, co hoc dét va cac két qua nghién ctru cing linh vuc trude kia di dugc tham khao ap dung.

Tir khoa: dia hinh doc, hé s6 bam, h¢ s6 can lin, khai thac gb, may kéo banh xich.

1. PAT VAN PE

Hién nay khai thac thac go dugc danh gia la
hiéu qua néu dam bao duoc cac tiéu chi vé kinh
té va moi truong. Dé dam bao hiéu qua kinh té,
can giam cac chi phi tiéu thu va can ting khéi
luong khai thac thac. Bén canh do, khai thac
cling can dam bao it tic dong dén moi truong
dac biét 1 moi trudng dat, cac cdy con va khi
phat thai. Piéu nay phu thudc rit 16n vao hé
théng may moc, thiét bi dugc lua chon.

O nhiéu qudc gia co hoat dong 1am nghiép
phat trién, nhimg céng cu van chuyén lam san
da duoc sir dung, tir lap diat duong cap dén may
kéo c6 trang bi toi1, cling nhu to1 ty hanh voi
nhiéu kich c¢& khac nhau. Sir dung cic may moc,
thiét bi hién dai c6 thé trd thanh hudéng di trién
vong, quan trong nham phat trién cac quy trinh
cong nghé khai thac & diéu kién Viét Nam.

Heé s6 s6 bam va hé s6 can lan 13 hai trong s6
cac thong sd dic trung cho kha niang chuyén
dong cuia may kéo. Cac hé sb nay duogc sinh ra
& ving tiép xtc gitra dai xich va mat duong. Néu
nhu hé sb bam qua nho thi dai xich c6 thé bi
truot quay khi momen xoén 16n truyén tir dong
co dén dai xich, lic d6 may kéo s& khong thé
tién vé phia trudc dugc. Bén canh do, cac hé sb
nay cho phép tinh todn ti€u hao nang luong
trong qué trinh van hanh may khai thac. Tuy
nhién, viéc tinh toan cac hé sb nay trong thuc té
con gap khoé khan do cac phuong trinh toan hoc

con phure tap, tinh g dung chua cao. Do d6, xay
dung cac phuong trinh don gian hon, thuén ti€n
hon 14 can thiét va ¢ y nghia thyc tién.
2. PHUONG PHAP NGHIEN CUU
2.1. Phuong phap ké thira tai liéu

Nghién ctru da thu thap, tham khao, chon loc
cac tai li¢u chuyén khao va nhirng nghién ctu
cung linh vuc trudc do vé dong luc hoc may kéo
banh xich 1am co s¢ nghién ctru 1y thuyét.
2.2. Phuwong phap nghién ciru 1y thuyét

Duya vao 1y thuyét 6 t6 may kéo, xac dinh
dugc cac thong sd anh huong dén qua trinh lam
viéc cua may kéo; xac dinh cac phu thudc ctua
hé sb can lan va hé s bam bao g6m kich thudc
bé mat tiép xuc cua dai xich voi mat dat, do sau
vét lun va ap luc cua dong co 1én dat. Dya vao
ly thuyét vé co hoc dit, xac dinh duge cac tinh
chét co 1y ctia dét, cc trang thai ing suat — bién
dang cua dat, cuong do chéng cit cua dat; xéac
dinh dugc cac yéu té c¢6 anh huong dén kha nang
chiu tai cua dat trong d6 co luc lién két riéng va
gbdc ndi ma sat cua hat dét. T d6 xac dinh ham
muc tiéu va cc tham sb phu thude. Str dung
phuong phap binh phuong nho nhit dé tim gia
tri cac tham s6 phu thudc sao cho ham dat cuc
tiéu va biéu dién qua cac phuong trinh gan dung
c6 do tin cay cao.
3. KET QUA VA THAO LUAN

Trong qua trinh hoat dong ciia may kéo banh
xich, toan bd than may s¢ chuyén dong tinh tién,
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va mot sé thyuc hién chuyén dong quay. Chyén
dong xay ra do su tuong tac cua cac luc tac dong
1én may kéo. Pong luc cua may duogc tao boi

dong co may kéo. Cac luc sau tac dong 1én may
kéo banh xich (Hinh 1):

Hinh 1. So @6 luc tac dung 1én may kéo khi 1én déc

- Lyc kéo tiép tuyén Px.

- Luc can: luc can lan Py (c6 xét dén sy bién
dang cua bé mat dfit), luc can 1én doc P; (1a lyc
thanh phan cua trong luong G theo phuong song
song voi mat duong), luc can khong khi Py, luc
can kéo & moc kéo P, luc can quan tinh P;.

- Trong luong toan by may kéo G.

- Phan lyc phéap tuyén cua mit duong tac
dung 1én may kéo.

Dé cho may kéo ¢ thé chuyén dong duge ma
khong bi trugt quay thi luc kéo tiép tuyén sinh
ra & ving tiép xtic gitta dai xich va mit duong
phai 16n hon hodc bang tong cac luc can chuyén
d6ng, nhung phai nho hon hoic bang luc bam
gitra dai xich v&i mat duong:

PPi+Py£Pj+Pn<Pi<P, (1)

Trong 1y thuyét 6 t6 may kéo ngudi ta thudng
ding khai niém lyc can tong cong ctia dudng Py,
bang téng luc can lidn va luc can 1én doc:

Py= PetP; (2)
3.1. Xdc dinh hé so cdn lin

Khi may kéo chuyén dong trén mat duong sé
¢6 lyc can lan tac dung song song véi mat dat
va nguoc chiéu chuyén dong tai vung tiép xtic
gitra dai xich va mat duong. Luc can lan phat
sinh 13 do bién dang cua dai xich va dudng, do
su tao thanh vét dai xich trén duong va do sy ma
sat & bé mit tiép xtc véi dudng. Chuyén dong
cia may kéo trén mat dat c6 lién quan dén chi
phi ning lwgng co hoc dé lam bién dang dét, lién
quan dén d6 truot cua dai xich, c6 lién quan dén
d6 bam dinh cua dat va dai xich, va ciing lién

quan dén lyc kéo ctia may. Chi phi ning luong
de 1am bién dang bé mat dat phu thude vao kich
thude cta vét lan va kha ning chiu tai cua dat

[1]:
A, =16 pdn 3)

Trong do:

1 14 chiéu dai vét lan;

b 1a chiéu rong trung binh cta phan tiép xuc
dai xich véi dat;

p 12 4p lyc trung binh cua may kéo 1én dét;

h 1a d6 sau vét lan.

Theo [1] ta ¢6 luc can lan duogc xac dinh:

Po=dA, /1=b] p(hydh @)

Dé tinh tich phan xac dinh (4) ta can su phu
thudc giai tich p(h). Piéu nay khong thuan tién
dbi véi cac phép bién ddi toan hoc (rat kho dé
biéu thi p theo h). Vi vay, sir dung bién ddi [2,
3] ta co:

b p(ydn=bhp—b[ h(p)dh  (5)

Suy ra lyc can lan do bién dang cua dat, duoc
xac dinh:

P, =bhp - bj: h(p)dh (6)
Hé sb can lan duoc xé4c dinh theo [1]:
h 1
Pn =77 h(p)dh (7)
plo

trong d6 1 1a chiéu dai trung binh ctia phan
dai xich tiép xtic voi dat.
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Hinh 2. So d tinh toan d9 sau vét lin

Trong cac nghién clru trude day cua ching
to1, da thu dugc cac cong thuc tinh chiéu sau veét

[un nhu sau [2, 3]:

H (H T+ AGx, —4x,) —[(H + A(x, —4x,))" + 4HAx, )

h= : )
4A(x, —2x,)
Vi
X, arctgL,x2 = arctg il ,A= P Jpab )
ab 1 - 72 2ab 1~ PP g
E E E
Khi khong gioi han chiéu day 16p bién dang Trong do:
(doi VO"l 16p daj[ chiu lyc y€u), cong thuc (8) g =5.22C + 109C +1,5B , (12)
dugc udc luong: s 10000
h, =limh = Ax, =2 _J7Pab_ (10 5,=1-2%9 4 (13)
fre L A 10000
B Trong do:

Trong do:
E 12 m6 dun bién dang tong cta nén dat;
J 14 hé s6 6 tinh dén ty 1¢ cac canh ciia phan

tiép xuc;

A 1a hé sb tinh dén chiéu day 16p dét bién
dang, a la hé s6 tinh dén do sau lan truyén bién
dang trong nén dat;

H 14 chiéu sau lan truyén bién dang;

ps 1a stre chiu tai cua dat.

Dua vao cac két qua nghién ctru [2, 4-7], ta

dugc phuong trinh tinh strc chiu tai cua dat:

Ps :qsé‘ﬁ (11)

C 1a luc lién két cua cac hat dat;

¢ 13 goc ndi ma sat cua cac hat dt;

B 1a chiéu rong cua dai xich.

Bén canh do6, dya trén céac két qua nghién ctru
[2,4-7], da ching minh cho vi¢c danh gia ap luc
cho phép tac dong 1én dat khi chiéu sau vét lun
khong qua 0,2 m:

Puin =4,(0,642+0,0351,g,)  (14)

Hinh 3-5 trinh bay két qua tich phan phuong
trinh (7) & do dbc p = 30° ddi véi cac loai dat
khéc nhau vé& d6 chat. Cac két qua tinh toan
duoc tom tit trong Bang 1.

Bing 1. Hé s6 can lin ciia may kéo banh xich, phu thude vao ty sb
giira 4p lre trung binh va 4p lwc cho phép (trén doc 30°)

Ty 1€ giira ap luc trung binh

Loai dét theo dd chit

va cho phép p/paam I11 (yéu) II (trung binh) I (chat)
0.5 0,0227 0,0199 0,0178

’ 0,0201 0,0174 0,0153

0.75 0,0469 0,0424 0,0395

’ 0,0378 0,0332 0,0298

1 0,0948 0,0915 0,0932

0,0658 0,0593 0,0549

Ghi chii: gid tri in nghiéng — hé sé trén bé mdt nam ngang.
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Két qua tinh toan hé sb can lan so vdi ty 18
gitra ap luc trung binh va ap luc cho phép cua
dong co may kéo 1én dat duoc trinh bay qua
Hinh 6. Tinh gan dung két qua tinh toan véi
phuong sai B = var, chung t6i thu dugc ham cua
hé s6 luc can & dang sau:

Pr = ¢R1)§Rﬁ (15)

Trong do:

oro 12 hé sb lyc can trén bé mit d& nam
ngang;

Srp 12 hé s6 xét dén anh hudng ciia goc doc
dén luc can lan:

2

0, =0,0306—0,0246¢, —0,0829—L—10,115| £ (16)
padm padm

oy =1+0,016/3 (17)
0.09 009
0.08 0.08
007 007

i
R 0,06 Py 0.06
0.05 005
0.04 0.4
S — 0024 .
0016 0020 0024 0.030 0.035 0.040 0.045 0.050
P. MPa p. MPa

Hinh 3. H¢ s6 can lin phu thudc vao ap lrc
trung binh (loai dit cé d¢ chit III,
qs = 0,047 MPa)

0.0%
0.08;
0.07;
?, 0.06
0.0
0.04
0.03

0.021—__ ' LAl
0.070080.090.100.110.120.13
P MPa
Hinh 5. H¢ s6 can Lin phu thudc vao ap lrc
trung binh (loai dat c6 dd chiit I,
qs = 0,223 MPa)
Suy ra h¢ so can lan:

——p—

0, =| 0,0306—0,0246g, —0,0829—L—+0,115

p adm

Hinh 4. H¢ s6 can lin phu thudc vao ap lrc
trung binh (loai dit cé dd chat II,
qs = 0,095 MPa)
0.091
0.081
0.07 I
0.061 II
0.04
0.03;
0.021

06 07 08 09 10
p’(padm

Hinh 6. H¢ s6 can Lin phu thudc vao ty sb giira
ap lwc trung binh va ap luc cho phép

[LJ (1+0,01643) (18)
padm
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Hinh 7. Twong quan giira h¢ s6 can lin voi ty ) giira ap lwe trung binh va cho phép

3.2. Xdc dinh hé sé bam

Dé cho may kéo chuyén dong duoc thi ving
tiép xuc gitra dai xich va mit dudng phai c6 do
bam nhét dinh duoc dic trung béng hé sb bam.
Néu d6 bam (hé s6 bam) thap thi dai xich c6 thé
bi truot quay khi cd momen xoan 16n truyén tir
dong co dén dai xich va luc d6 may kéo khong
thé tién vé trude duoc. Trudng hop nay thudong
xay ra khi may kéo dimg trén mat dat 1ay hoic
ding trén bang.

Lyc bam cua may kéo dugc xac dinh theo
phuong trinh [1]:

P = b_r 7 (x)dx (19)

Trong do:
Tx 14 g suét cat phan b6 doc theo miéng tiép
XUc;
x la toa do doc theo truc song song véi
chuyén dong ciia may.
Ham phan phdi x da biét:
1
T.(x)=——, (20)
1 L,
—+
T Gj(x)

max

Trong do:

tr 12 bude vau;

G 12 mé dun chéng cit cua dat;

j 12 bién dang cit cua dat;

Tmax 12 strc chdng cét 10n nhat cua dét.

Ham bién dang cit tuyén tinh doc theo toa do
x duoc 1ay [1]:

J(x) =58 (21)

Trong d6 S 13 hé s6 truot cua dong co day.

Strc chong cat 1on nhat cua dat phai duoc xéac
dinh c6 tinh dén cac dic tinh vat 1y, co hoc va
d6 chit cua nod:

T = C5(j) + ptang (22)

Trong d6 &(j) 1a mot ham tinh dén sy giam
sttc khang cua dat trong qua trinh cit:

17 J_]OSO

= 1-470 g0, @3)

0, J—Jo2t,

Trong do6 jo 1a gia tri bién dang cat ctia dat tai
do6 xay ra lyc cat ctua no.
Biéu thurc sau dé€ udc luong jo:

jO _ T,;Tgr [ g_lj (24)

G C
Trong d6 1o 14 strc chdng cét 1on nhit cua dat
khong tinh dén luc cat:
=C+ ptangp (25)
Véi gid tri Pr, hé s6 bam duoc tinh:

B
pbl ol J: 7 (x)dx (26)

T
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Chung ta can chil ¥ dén tinh chat bac thang
ctia ham &(j), ddc trung cho su giam sitc chdng
cit cung voi sy phat trién bién dang cua vét cét
dat. Do tinh chét thay ddi cua j(x) theo do dai
ctia phan tiép xuc véi dit, nén viéce tich phan cac
biéu thire (19), (26) 1a kho khan.

Dé giai quyét phuong trinh (19), (26), chung
t61 str dung phwong phap tich phan sd. Trén hinh
8 thé hién két qua tinh toan hé s6 bam véi hé sb
truot cho cac loai dat khac nhau tai S = var, p=
Padm.

03 !
N 11
11
0.2
Ju_]"
0.11
0 . . . . .
0 01 02 03 04 05
s

Hinh 8. Méi quan h¢ giira h¢ s6 bam va h¢ s truot

Theo cac khuyén nghi[1, 8, 9], nén tién hanh
tir hé s6 trugt S=0,2 (sinh ra do strc can cua dat
va dic diém thiét ké cua dai xich). Két qua tinh
toan cho thdy ddi vi may kéo banh xich ¢6 S >
0,1 thi hé sb bam thay d6i khong dang ké nén
chap nhan udc luong duoc trong nghién ciru cia
chiing t61.

Tinh hé s6 bam theo (27) cho céac loai dét
khac nhau khi 4p lyc thay d6i trong khoang p =

0.251
Hr
0.24
0231 | .
0016 0.020 0.024
. MPa

Hinh 9. H¢ s6 bam ciia may kéo banh xich
trén dit yéu

118

0,5padm ... Padm tai S =0,2; cac Kkét qua dugc trinh
bay trong cac hinh 9 - 11. So sanh két qua thu
duoc cho cac loai dit khac nhau va téng hop lai
trong Hinh 12. Sau do, ching ta sé thu duoc cac
ude tinh vé hé sd bam cua dong co banh xich,
tuy thude vao ty 1€ gifra 4p luc trung binh va ap
luc cho phép ddi véi cac loai do chat dat khac
nhau, dugc trinh bay trong Bang 2.

0.291
028
.IUT
0.27
026
0.03 0.04 0.05
D. MPa

Hinh 10. Hé s6 bam ciia may kéo banh xich
trén dit c6 do chit trung binh
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0.321
031
Hr
0.301
0291
0.08 0.10 0.12
P. MPa

Hinh 11. H¢ s6 bAm clia may kéo banh xich
trén dat chit

0.321
0.301 I

Hy 028
1

0.261
0.241 II

05 06 07 08 09 10
PP iy
Hinh 12. H¢ s6 bAm clia may kéo banh xich,
tuy thudc vao ty 1€ giira ap lwe trung binh va
cho phép ddi véi cac loai dat

Bang 2. Hé s6 bam tuy thudc vao ty 18 giita 4p lwc trung binh va cho phép

Loai dit theo d chit

Ty 1€ ap luc trung binh va

cho phép p/padm III (yéu) II (trung binh) I (chat)
0,5 0,260 0,290 0,324
0,75 0,239 0,270 0,302
1 0,229 0,258 0,288

Tir két qua tinh gan ding, chung ta thu dugc
cong thic tinh hé sb bam ctia dong co banh xich
tuy thudce vao ty 1€ gitra ap luc trung binh va cho

phép, ciing nhu kha ning chiu lyc (véi hé sb
truot 1a dong co S =0,2):

11, =0,253-0,066—2—+0,925¢ —2,11¢> 7)
padm

Hinh 13. Twong quan giita hé s6 bam véi ty sb giira ap lwc trung binh va cho phép
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Vi du: may kéo co6 trong luong M = 15 tan,
van hanh trén doc 1én dén B = 20°, strc chiu tai
ctia dat gs = 0,09 MPa. Thong sé hinh hoc cua
banh xich: chiéu rong phén tiép xac b = 0,6 m,
chiéu dai phan tiép xuc 1 = 5b = 3 m. Trong
luong ctia may 1a G = 0,147 MN; 4p suét trung
binh cua dong co 1én mat dat p = 0,041 MPa,
nho hon gia tri cho phép paam = 0,05 MPa theo
cong thirc (14). Hé s6 bio hoa nang lugng [3] 1a
3,82 kW/t,do d6 cong suét dong co cia may nén
lay x4p xi 57,3 kW. D6 ddc ma may vuot qua
dugc co xét dén d6 bam 1a p = 12.4°, nho hon
gia tri thyc té nén phai sir dung thém toi kéo lam
viéc song song v4i may, va kéo lyc T theo cong
thirc [3] tbi thiéu phai 1a T = 0,0273 MN = 27,3
kN.

4. KET LUAN

Hién nay, cac thiét bi phuc vu khai thac nhu
méy kéo banh xich két hop toi hodc toi ty hanh
duogc st dung kha phd bién trén dia hinh dbc do
nhitng vu diém vé kha ning lam viée. Viéc
nghién ctru cac thong s anh huong dén qua
trinh 1am viéc cia may kéo banh xich 1a can
thiét, c6 ¥ nghia thyc tién va co thé ap dung ddi
véi diéu kién & Viét Nam.

Nghién ctru di xay dung duoc mdi twong
quan gitra cac hé sb can lan va hé s6 bam phu
thugc vao ap luc trung binh va cho phép cua
méy kéo tai 6 dbc 0 - 30° va cac loai dat voi do
chit khac nhau. Ap luc trung binh va cho phép
1a tiéu chi phd bién dugc st dung lam tham
chiéu lua chon may kéo tai nhiéu nudc c6 hoat
dong 1am nghiép phat trién. Pay 1a chi sé dé
danh gia tac dong cho phép cta hé théng dai
xich lén dét.

Bang phuong phap binh phwong nho nhit,
dua ra dugc phuong trinh tinh cac hé sé don
gian hon va thuan tién hon. Phuong trinh tinh
cac hé sb can lan va hé sd bam cia may kéo
banh xich trén dia hinh déc dua ra co thé ap
dung trong thyc té, gitp giam thoi gian tinh toan
va lya chon thiét bi phu hop. Két qua ma nghién

cuu dat duogc 1a tai liéu tham khao cho nhiing
nghién ctru vé sau.
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Ky thudt & Cong nghé

DETERMINATION OF SOME SPECIFICATIONS OF CRAWLER ENGINE
TRUCKING CHARACTERISTICS ON STEEP TERRAIN

Do Tuan Anh, Dinh Ba Bach, Dang Thi To Loan
Vietnam National University of Forestry

ABSTRACT

This article presents the results of theoretical research on building the relationship between rolling resistance
coefficients, traction coefficients of crawler tractors and the ratio between the average and allowable pressure of
the engine when working on the vertical slope of the ground. These are two of the parameters studied to build
equations without using arithmetic iteration and can be applied in practice. The studied parameters include: soil
load capacity under the action of the crawler motor, which depends on the physical and mechanical properties of
the soil, taking into account the slope; depth of settlement; the average and permissible engine pressure is limited
by the depth of settlement; rolling resistance coefficient of the vehicle moving on the slope; coefficient of
adhesion of the crawler to the ground surface, taking into account the weakening of the soil when working. These
parameters help in selecting mining equipment suitable for different slope conditions and soil types. The theory
of tractor dynamics, soil mechanics and previous research results in the same field have been applied.
Keywords: coefficient of friction, crawler tractor, drag coefficient, forests on slopes, mountain forests.
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