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Abstract: The train traction calculation tasks are to be determining the train mass, testing
the train mass, determining the running time and establishing the train operation chart in
sections, and so on. To determine the running time and to establish the train operation chart
in sections, first of all, it is necessary to determine and establish the resultant force and the
unit resultant force of trains in operation. The trains operating on railways are quite
diverse, because many different types of locomotives are used for different masses of
trains. The determination of the running time and the train operation chart, including the
unit resultant force, must be done for each specific train, resulting in a huge amount of
computation that takes a long time when calculating by the traditional method. Therefore,
it is necessary to develop a general calculation program to solve the problem quickly and
accurately. The general program includes some basic modules corresponding to the above
tasks. The article presents the process of developing a program to calculate and to establish
the unit resultant force curves for trains with locomotives and wagons Railways used in
Vietnam as a module in the mentioned general program.
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Tom tat: Nhiém vu ciaa viéc tinh toan sire kéo doan tau duong sat 1a xac dinh khéi luong
doan tau, kiém nghiém khéi luong doan tau, xac dinh thoi gian chay va xay dung biéu d6
van hanh cua doan tau trong khu gian... Dé xac dinh thoi gian chay va xay dung dugc biéu
dd van hanh cua doan tau trong khu gian, truéc hét can xac dinh va xay dung duoc hop luc
va hop luc don vi cua doan tau trong qua trinh van hanh. Cac doan tau van hanh trén
duong sit kha da dang, do nhiéu loai dau may khac nhau dam nhiém véi cac khdi luong
doan tau khac nhau. Viéc xac dinh thoi gian chay va biéu do van hanh, trong d6 c6 hop luc
don vi, phai dugc tién hanh cho timg doan tau cu thé, dan dén khdi luong tinh toan rat lon,
mat nhiéu thoi gian néu thyc hién bang phuong phap tinh toan truyén thong. Vi vay, can
xay dung mot chuong trinh tinh toan tong hop dé giai quyet bai toan da néu mot cach
nhanh chéng va chinh x4c. Chuong trinh tong hop nay bao gom mot s6 mé dun co ban,
tuong (tng va&i cac nhiém vu da néu ¢ trén. Bai bdo nay trinh bay qua trinh xay dung
chuong trinh tinh toan va thiét 1ap duong cong hop luc don vi cho céc doan tau vai céc loai
dau may, toa xe sir dung trong nganh duong sit Viét Nam (BSVN), véi tu cach 1a mot mo
dun trong chwong trinh tong hop da néu.

Tir khoa: chuong trinh tinh toan, sirc kéo doan tau, hop luc don vi, biéu d6 van hanh.
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1. PAT VAN PE ’ ‘

Qua trinh tinh toan strc kéo doan tau dudng sat bao gobm cac ndi dung chinh nhu sau:

1. Xac dinh khoi lvong kéo Q cua doan tau doi véi mot loai dau may cu thé nao d6
theo do déc tinh toan i, ctia tuyén dudng va toc d¢ tinh toan V, caa dau may [1-4], [6-10]:
F - P(a);) + 1y, )g

(@ +i Jo

Q=  tAn 1)
trong do: ,

Q - khoi lugng kéo cua doan tau, tan;

F, - luc kéo tinh toan (luc kéo vanh banh) caa dau may, N;

P - khéi luong tinh toan cua dau may, tan;

@,V @, - luc can co ban don vi cia ddu mdy, toa xe & toc do tinh toan, N/KN;

i, - do déc tinh toan hodc do déc han ché ( quy déi) cua tuyén duong, (%o);

g - gia téc trong truong, g = 9,81 m/s?.

2. Kiem nghiém khoi lugng kéo trong mot s6 trudng hop sau day [1-4], [6-10]:

- Tinh toan va kiém nghiém khéj lwong kéo theo do Q6c doan khai dong

- Tinh toan va kiem nghi¢m khoi luong kéo theo chieu dai hiru hiéu durong ga

- Tinh toan va kiém nghi¢m khoi luong kéo theo ban kinh cong nho nhat

- Tinh t’Oén va kiem r)ghiérr] khoi lwong kéo theo dieu Ki¢n loi dung dong nang vuot
doc ¢0 tri so lon hon tri so do doc tinh toan

3. Xac dinh thoi gian chay cta doan tau trén khu gian va vé @6 thi t= f (S)[1-4], [6-
10].

4. X8y dung bicu d5 van hanh cua doan tau trén khu gian va v& do thi V = f (S)[1-4],
[6-10]. » o

Doan tau van hanh trén duong sat rat da dang, do nhiéu loai dau mdy khac nhau dam
nhiém vai khoi luong doan tau khéc,biét nhau. Cac ndi QUng néu trén can dugc thuc hién
cho tung doan tau cy thé, do d6 khoi lugng tinh toan rat I6n. Vi vay, can xay dung mot
chuong trinh tinh toan tong hgp, nham thuc hién viéc tinh toan mot cach nhanh choéng,
thuan lgi va chinh xac.

Dé tinh toan va xay dung duoc cac dd thi t=f(S) va Vv = f(S), trudc hét can tinh
toan hop luc don vi tac dung 1én doan tau cy thé vira xéc dinh. Noi dung bai bao nay trinh
bay viéc “Xay dung chuong trinh tinh toan hop luc don vi ctia doan tau trén duong sat Viét
Nam”, la mot phén trong chuong trinh tong quat cua dé tai NCKH cap Truong “Xay dung
quy trinh tinh toan strc kéo doan tau trong nganh duong sat Viét Nam”, ma so6 T2020-CK-
011.

2. CO SO TINH TOAN HQP LUC VA XAY DUNG PUONG CONG HQP LUC
DPON VI CUA POAN TAU
2.1. Hop luc tac dung 1én doan tau

Trong qua trinh van h‘anh, doan tau chiu ba loai luc tac dung Ién no la luc kéo, luc can
va lyc ham, cac luc nay deéu la ham so6 cua toc do doan tau. Khi van hanh trén duong thang
va bang phang, khong c6 duong ham, thi hop luc tac dung 1én doan tau & cAc trang thai van
hanh 1a [1-4], [6-10]:

Trang thai van hanh kéo:
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C.=F -W,=1(V), kN 2
Trang thai van hanh chay da:
Coq =W, =f,(V), kN €©)
Trang thai van hanh ham:
Chz_(wcd+BT)= f3(V),kN (4)

trong do: ‘

F. - luc kéo cua dau may, kN;

W, - luc cén co ban cua doan tau, KN;

W,, - luc can co ban cia doan tau khi chay da, kN;

B; - luc hdm cta doan tau, kN.

Ty s6 giita hop luc C tac dung 1én doan tau véi trong luc caa nd duoc goi 1a hop luc
don vi, ky hiéu la c:

C

(P+Q)g

Do 16n va phuong cua hop luc tac dung lén doan tau quyét dinh trang thai van dong

cta n6, do d6 muén phan tich sy van dong doan tau dé xac dinh téc do V, thoi gian chuyén
dong t, quang dudng hdm Sk va quan hé giira chdng, thi phai biét qui luat bién d6i cua hop
lyc tac dung Ién doan tau & cac toc do khac nhau. Vi vay, trong tinh toan sic kéo can phai
xay dung duong cong hop luc phu thude vao téc do, hay goi don gian 1a duong cong hop
lyc. Trong thuc té nguoi ta thuong dung dudng cong hop lyc don vi c6 dang tong quét 1a

c="1(V ( ) Pudng cong nay 1 co s& dé giai quyét cac van dé vé tinh toan stc kéo doan
tau.
2.2. Hop luc don vi va dwong cong hop luc don vi ciia doan tau

Dé xay dung dudng cong hop luc don vi ciia doan tau, trudc tién can tinh va lap bang
hop luc don vi cia doan tau ¢ ba trang thai van hanh: kéo, chay da va ham tuong ng Vvai
toc do khac nhau. Khi tinh toan va v& duong cong hop luc ¢d thé loi dung dic diém lyuc can
phu dudng déc quy doi khong phu thudc vao tdc do, do d6 lic nay chwa xét d&én lyc can
phy, ldy day 1am co s& dé vé ra duong cong hop luc don vi, sau d6 khi str dung duong
cong hop luc méi xét dén anh hudng caa luc can phuy [1-4], [6-10].

a. Cong thezc tinh hop luc don vi
- Hop luc don vi van hanh kéo:

F-W, F —(Pa)c'J +Qa)5)g

. N/KN )

“ (P+Q)g (P+Q)g
- Hop luc don vi khi chay da:
W, —(Pa)(’)cd +Qa)5)g —(Pa)écd +Qa)5)
Cy = 9 = = ,N/KN @)
(P+Q)g (P+Q)g (P+Q)

- Hop luc don vi khi ham thuwong:

Gy :w :_[ﬂhtlooowngqd +(Pa)(é§_'_+QQ)a)6)‘| :_(O'SbT +a)(')cd) ' NN (8)

trong do:

F, - luc kéo vanh banh caa dau may; néu nhiéu may kéo hoic phu day thi Ia tong huc
kéo cac dau may, N
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@y, @), - luC can co ban don vi ctia dau may & ché do kéo va chay da, N/kN;

oy - luc can co ban don vi cua toa xe, N/KN;

B - hé s6 ham thuong, dugc lay 120,5(5, =0,5);

.« - hé s0 ma sat quy doi gitra gudc hdm véi banh xe;

6,,- ham Suit quy doi cua doan tau;

b, - luc hdm don vi quy doi (chuyén dbi), N/KN.

2.3. Quy trinh xay dung dwong cong hep lwe don vi

2.3.1. Cac thong s6 ban dau

a. Thong so ky thugt cua dau may ‘

Céc thong so ky thuat co ban va dac tinh sic kéo cua cac loai dau may stir dung trong
nganh duong sit Viét Nam (PSVN) duoc cho trong bang 1.

Stc can co ban don vi cua cac loai dau may sir dung trong nganh duong sat Viét Nam
dugc xac dinh theo biéu thirc tong quat trong [6] va dugc cu thé hoa trong [5] va thé hién

cho trong bang 2. ’ ‘
Bang 1. Dac tinh sirc kéo mot so loai dau may diesel dang st dung trong nganh BSVN.

Thong s6 Loai dau méy va huc kéo dau may Fx, kN
D5H DOE D10H D11H D12E D13E D18E D1%E D20E
Congthicrue 2-2 20-2 2-2 2-2 2%-2% 3-% -3 3-3 %-3
Khai lugng P=400 P=5%5 P=580 P=56,0 P=56,0 P=720 P=840 P=810 P=810
chinh bj, t
Khéi luong gq=100 q=136 gq=145 q=140 q=140 g=120 q=140 gq=135 q=135
truc, t
Toedo, Stic kéo, kN
kmh
0 Fi=99,64 F=156,0 F=1920 F=162,0 Ft=146,0 F=216,0 Ft=255,0 F«=3700 F=260,0
v, =97 = - - - - - -
80,07
10 - 1280 1354 1400 1420 1790 2000 3400 2543
v, =120 - F.°=1230 - - - - - -
v, =155 - - - - - F’ =1605
v, =156 - - F =100 | F7=2210
v, =160 - - - - F. =120
v, =162 - - F.” =1080
v, =188 - - - - - - - - F.”=2340
20 - 915 937 F> =90 1100 1350 1400 1700 2250
30 - 66,0 64,6 780 630 84,0 105,0 116,0 1544
40 - 480 417 56,0 46,0 62,0 80,0 88,0 1150
50 - 350 333 46,0 355 490 62,0 730 90,8
60 - 285 29,2 375 293 410 520 60,0 750
70 - 240 256 319 250 340 450 50,0 64,6
80 - 215 - 280 225 300 380 450 57,0
90 - 185 - 26,0 - 288 300 420 504
100 - 16,0 - 250 - - 288 371 450
110 - - - - - - - - -
120 - - - - - - - - -
Virex 65 114 70 100 80 96 96 100 120

(Nguon: Ban Pau may-Toa xe, Tong Cong ty PSVN)
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Bang 2. Biéu thirc sirc can co ban don vi ciia dau méy diesel trong nganh DPSVN
thiét 1ap theo biéu thirc tong quat ctia QTSK 1985.

Dg}u Thong sé k thuat cia diu may Biéu thuc sirc can co ban don vi, N/kN
may Po, t n o, t q, kN D,m R, m c,m S, m2 @, =A+BV +CV?

D5H 40 4 10 100 10,06 2,82 3,825 10,787 @, =1,97+0,00931V +0,000122V?
D9E 54,5 4 13,6 136 9,144 2,743 3,658 10,034 % =1,621+0,00931V +0,000834V
D10H 58 4 14,5 145 12,676 3,046 3,793 11,553 @, =1,56+0,00931V +0,000902V *
D11H 56 4 14 140 14,006 2,870 3,608 10,355 a)o =1,593+0,00931V +0,000838V *
D12E 56 4 14 140 13,306 2,754 3,854 10,614 a)o =1,593+0,00931V +0,000859V ?
D13E 72 6 12 120 14,476 2,730 3,635 9,927 @, =1,75+0,00931V +0,000625V *
D18E 84 6 14 140 15,50 2,800 3,800 10,64 a)o =1,593+0,00931V +0,000574V ?
D19E 81 6 135 135 16,892 2,90 3,900 11,31 wo =1,623+0,00931V +0,000633V*
D20E 81 6 135 135 19,18 2,82 3,945 11,125 @, =1,593+0,00931V +0,0006221V *

b. Thdng sé ky thudt cua toa xe

Céc thong sé ky thuat co ban cua cac loai toa xe sir dung trong nganh PSVN dugc cho
trong bang 3.

Stc can co ban don vi cua toa xe sir dung trong nganh DPSVN dugc cho trong bang 4
[3,4-6].

Bang 3. Thong sé ky thuat co ban cua cac loai loai toa xe sir dung trong nganh DSVN.

TT Ky hiéu Téc do Tu trong Tai trong Chiéu dai S6
toa xe CAU tao (gitra 2 dau dam) gudc ham
Toa xe khach
1 A 80 30 10 19,7 16
2 A-TH2 100 40 10 20,7 16
3 An 80 30 10 19,7 16
4 An-TH2 100 36 8 20,7 16
5 An-TH2 100 36,5 7,5 20,7 16
6 B 80 30 10 19,7 16
7 Bn 80 30 10 19,7 16
8 Bn-TH2 100 36 8 20,7 16
9 CVPD 80 39,5 2,5 19,7 16
10 | CVPD-TH2 100 41,5 2,5 20,7 16
11 | DLCC-TH2 100 36 8 20,7 16
Toa xe hang
12 | G-An Do 80 18 35 13,5 8
13 G-Ru 80 20 30 14,7 8
14 G-TQ 80 15,7 30 12,7 8
15 G-VN 80 20 30 12,7 8
16 | G-VN mdi 100 20 35 14,7 8
17 | H- An bo 80 16 40 13,5 8
18 HC 80 30 10 19,7 16
19 | HC-TH2 100 36 8 20,7 16
20 H-Ru 80 20 30 14,7 8
21 H-TQ 80 14,4 30 12,8 8
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22 M-TQ 80 15,5 35 13,8 8
23 N-TQ 80 13 30 12,7 8
24 N-VN 80 15 30 12,7 8
25 P-TQ 80 16,8 30 11,2 8
26 P-VN 80 15 30 11,3 8
27 R-TQ 80 19 40 12,2 8
28 T-VN 80 19,6 10 12,7 8
29 XT-TQ 80 25,6 40 16,7 12

Bang 4. Luc can co ban don vi cua toa xe su dung trong nganh DSVN.

(Nguon: Ban Pau may-Toa xe, Tong Cong ty DSVN)

Toa xe 4 truc Loai 6 truc C0ng thic sic can don vi, N/KN
Hang nang b truot @, =10+0,04V +0,00032V 2
Hang rong o, =12+ 0,02V +0,0017V ?
Hang nang 6 lan , =0,7+0,04V +0,00032V 2
Hang rong wy =09+0,02V +0,0017V >

Khéach o truot o, = 2,6+0,036V +0,00029V ?
6 lan @, =15+0,026V +0,00029V 2

2.3.2. Cic buwéc tién hanh 7 ‘
bé tién hanh tinh toan hop luc don vi cho mét doan tau cu thé nao do, can thuc hién
cac budc theo trinh ty cho trong bang 5, nhu sau [1], [7+9]:

Bang 5. Bang thdng sé tinh todn hop lec don vi ciia doan tau.

TT Ché d6 kéo Ché d6 chay da Ché d6 ham
\% F @y Wo‘ a’n; Wu” W, F—W, fi—a, g Wogg Wogg *Wn“ Wy Prs b, @yeq +0,50;
km/h | N | N/KN N/kN | N | N N/KN | N/kN | N N N/kN N/KN | N/kN
1 2] 3 4 5 6 | 7 8 9 10 | 11 12 13 |14 ] 15 16
0
max

- Cot 1: Toc do cua dau may tir 0 dén toc d cau tao Vmax. ,
- Cot 2: Suc kéo cua dau may (tinh bang N) twong tng véi toc d6 da cho. So ligu nay
lay tir duong dac tinh sic kéo cua dau may (bang 1).
- Cot 3: Tinh stic can co ban don vi @, Cia dau may twong ting véi toe do da cho theo
cac cong thac trong bang 2. ‘ ’
- Cot 4: Tinh suc can co ban cia dau may twong ng vai toc do da cho theo cong thac
W, =Pa,g, N
- Cot 5: Tinh sirc can co ban don vi cua toa xe @, twong Gng Voi tbc do da cho theo
cac cong thic trong bang 3. ’
- Cot 6: Tinh strc can co ban cua doan xe twong tng Vaéi toc do da cho theo cong thic

W, =Qa,g, N
- Cot 7: Tinh sirc can co ban caa doan tau trong tng véi tée do da cho theo cong thirc
W, =W, +W,, N
- Cot 8: Tinh hop luc tac dung 1én doan tau & ché do van hanh kéo theo cong thic
C.=F -W,,N
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- Cot 9: Tinh hop luc don vi tac dung 1én doan tau & ché d6 van hanh kéo theo cong
thirc

C, _ BWe f, —@,, N/KN (13)
(P+Q)g
- Cot 10: Tinh strc can co ban don vi khi chay da cua dau may theo cong thic
Wy = 2,4 + 0,01V + 0,00035V2, N/KN (14)
- Cot 11: Tinh stic can co ban khi chay da cua dau may theo cong thirc
Woeg = Pa)cl)cdg N (15)
- Cot 12: Tinh lyc can co ban cua doan tau khi chay da theo cong thurc
W, =W, +W,, N (16)
- Co6t 13: Tinh luc can co ban don vi cua doan tau khi chay da theo cong thirc
= —L, N/KN 7)

Cy=
cd cd (P + Q) g
- Cot 14: Tinh toan hé sé ma sat guc ham quy doi theo cong thirc

Poa = 0,27% )
- Cot 15: Tinh toan lyc ham don vi doan tau theo cong thirc
"= +BT Qg 10(2?%2) gKQd =10000,0, , N/KN. 19)
trong do:
Ch A (20)

“ (P+Q)g
ham suit quy d6i doan tau, 1a thong s6 phan anh ning lyc him doan tau.
Viéc tinh todn hdm suat quy doi ctia doan tau: bao gom hdm suat quy doi cia dau may
va hdm suat quy doi cua toa xe.
Ap luc gudc ham quy doi

D Ky = Kad' + K, kN (21)
trong do:
K& - ap luc gube ham quy doi cua dau may, kN;
Kgén =My, Ky, KN (22)
K - ap luc guéc ham quy doi cua toa xe, kN;
K& =my K, , kN (23)

v6i:  my ,m - s truc caa mot dau may va mot toa xe;

K, K, - 8p luc gudc ham trén mot truc cua dau may va toa xe, dugc lay theo theo
Quy trinh suc kéo cia DSVN, kN. 7

Sau khi tinh dugc ham suat quy doi theo cong thuc (19), thay vao cong thac (18) sé€
xac dinh duoc lyc lyc ham don vi b, cua doan tau.

Két qua tinh toan duoc dién day du vao bang 5. Tir két qua trong céc cot 9, 13 va 16
6 thé vé duogc 3 duong hop luc don vi:

- Pudng hop luc don vi khi van hanh kéo: ¢, = f,(V);
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- Puodng hop lyc don vi khi chay da: ¢, = f,(V);
- Pudng hop luc don vi khi him thuong: ¢, = f,(V).

3. XAY DUNG CHUONG TRINH TiNH TOAN VA THIET LAP PUONG CONG
HQP LUC PON VI CUA POAN TAU

3.1. Lwu dé thudt todn

Bang ngdn ngir lap trinh Java, tién hanh xay dung chwong trinh tinh toan véi luu dd
thuat toan thé hién trén hinh 1.

Nhap vao cac thong sb ciia diu may:

®'9ca = 2,4 + 0,017 + 0,0003577
Vmax, 7 o0, F km, Fi kd, P > Mdm, Kdm, w '0
Woea = P w’mdg
Fu(7) (=10, 20, ..., 120)
Wea = Woea + W7o
i o = _I/Vcrl
Nhip vao céc thong sb ctia doan tau: “ (P+Q)g
Pry, QI, QZ, M, Ki, 070 l
dm
i qu = mdedm
| g=9,81 m/s | Koy =nm.K,
I SR, <K& +K
=0 |
| , 3k,
« § =
T (P+O)g
V4100
S o =5 00
br= 1000@{](16{](]
Ch = ‘(O,SbT + 0)'00(1)
b v
Wo=Paw'o(V)g \_| V=7+5
O =nu(Q1 +02) i
W'o=Q0w oV)g
Wo=Wo+ W Béng két qua:
Cx = Fy(V) — Wy ’o, Wo, "0, W, Wo,Ck c,
c @ "vcd, Wed, C€ed, @qa, b, cn
¢ =—2= D6 thi ey(7), cca(1), en(V)
f O (P+O)g

bb thi Fi(T7)

Hinh 1. Luu db thuét todn cia chwong trinh.

Chuong trinh c6 cac chuc nang chi yéu nhu sau:
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Tép tin: Tao mai, luu tép, mo tép, thodt.

Két qua tinh toan: Bang két qua tinh toan tong hop, bang két qua tinh toan hop luc
don vi.

Vé do thi: dudng dac tinh stc kéo dau may, cac dudng cong hop luc don vi twong tng
véi cac doan tau cu thé.

3.2. Céc giao di¢n chinh cia chwong trinh

Céc giao dién chinh thé hién trén céc hinh 2-4.

Tinh toédn hop Iuc don vi doan tau - X

Tép tin Chi'c ndng Trg gilp

CuUuREEYME

Théng s6 ddu may Théng s doan tiu
Ky hiéu dau may: | V=10 km/h, 7= kN Loai doan tau: hang ~
T6c d§ ciu tao: km/h V=20 km/h, £, = kN 58 lugng toa xe:
Téic 69 dai han: km/h V=30 km/h, £, = ki Ty trong: an
Stic kéo khdi dong: K V=40 km/h, £, = Y TR o
Sifc kéo ¢ai han: K V=50 kmyh, £, = Kl e
Ap lyc gudic hd ddi: KN/t
Kh3i krang: tin V=60 kmjh, £, = e p e gubc ham auy o1 e
Lu'c can o ban don vi: N/kN
S truc: V=70 km/h, = kN
@ = + v+ v
Ap lyc gudc hdm quy déi: kM/truc V=80 km/h, F, = kN
Luc can co ban don vi: N/kN V=90 km/h, = kN
wy= + v Vv V=100 kmfh, £, = kN
V=110 km/h, £, = kN
V=120 kmjh, £, = kN

fang tao s6 i md

Hinh 2. Giao dién nhép sb liéu ban dau.

| £ | M& tép s4 liéu ot
Look in: Tinh tean hep luc DV 2020 ~ & Er [
= lib |= D19E keo doan tau khach
Re:gni |= 1.D9E keo tau hang 15 xe G (795 1) |= D19E keo hang 17 xe G (901 1)
Ttems = 2.D'10H keo tau hang 15 xe G (795 1) = D19E keo hang 25 xe G (1325 1)
|= 3.D11H keo tau hang 15 xe G (795 ) = D19E keo tau hang 10 xe G (530 1)
. = 4D12E keo tau hang 15 xe G (795 1) |= D19E keo tau hang 20 xe G (1060 t)
Desktop | = 5 013F keo tau hang 15 xe G (795 )
|= 6.D18E keo tau hang 15 xe G (795 1)
&= |= 7.D19E keo tau hang 15 xe G (795 1)
Documents | = g D20E keo tau hang 15 xe G (795 1)
" |= D12E keo tau hang 17 xe G (901 1)
L—'g |= D12E keo tau hang 20 xe G (1060 t)
ThisPC  |= D12E keo tau hang 25 xe G (1325 1)
L,e$ File name: |
Network  Fjjag of type: | Text files (*.txt) v Cancel

Hinh 3. Giao dién mé tép s6 liéu.
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Tép tin Chl'c ndng Trg gidp

AT =

Ky hiéu ddu may:

Téc dd cdu tao:

Tdc d§ dai han:

Si'c kéo khai dong:

Sirc kéo dai han:

Khdi lrgng:

S truc:

Ap lyc guBc hdm quy ddi:
Lirc can co ban don vip NN

@', =

7 1.621

+ | 0.00931

Tinh todn hdp Iuc don vi doan tau

DOE
114
12
156
123

54.5
4

50

~ ol @

Théng s6 dau may

km/h
km/h
kN

kni

knftruc

v+|0.000834| ¥

V=10 km/h, £, =
V=20 km/h, F, =
V=30 km/h, F, =
V=40 km/h, F, =
V=50 km/h, F, =
V=60 km/h, F, =
V=70 km/h, F, =
V=80 km/h, £, =

V=90 km/h, £, =

V=100 kmjh, £, =
V=110 kmjh, F, =

V=120 km/h, £, =

Théng s doan tau

128 kM Loai doan tau: hang ~
91.5 kM 58 lrgng toa xe: 15
66 kN Ty trong: 18 tan
48 KN Tai trong: 35 tan
5 w S truc: 4
Ap Iwc qusc hidm quy doi: 50 kN/truc
28.5 kM 5 2 4 /
Lue can co ban don vt N/kN
24 kM
o= 07 |+ 004 |v+|oo0032 |
21.5 kn
18.5 kM
16 kM
o kM
1] kn

A3 md tép 56 féu: "1.09F keo tau hang 15 xe G (795 t).ixt’

Hinh 4. Giao dién hién thi s liéu tinh toan.

3.3. M4t sé két qud tinh toan
Do thi dac tinh sirc kéo cua cac loai dau may thé hién trén cac giao dién hinh 5-8.

|£ | Budng déc tinh stic kéo cla dau may D10H - a X |£ | Dudng dac tinh sic kéo cla dau may D11H - [m] X
200 170
192 160 N 162
120 150
140
160
130
140 120
110
120 100
z ............... (16.2, 108) § 90
=100 g |
20 70
60
&0 50
40
40 20
- 20
10
o 0 :
0 5 10 15 20 2% 0 I/ 40 45 50 S5 60 65 70 0 10 20 30 40 50 0 70 80 20 100
V (km/h) V (km/h)
3 A . \ - - , z X X 7 N
Hinh 5. b6 thi duong dac tinh stc kéo thyc té cua dau may D10H va D11H.
|£ | Budng dac tinh siic kéo cla ddu may DIE - m] X | £ Budng dac tinh siic kéo cla ddu may D12E - [m] X

160
150
140
130
120
110
100

156

0 10 20 30 40

S0 60
V (km/h)

70 80

90 100 110

150
140

130
120
110

(16, 117)

100
90
80

F (kN)

70
60

50

0 5 10 15 20 25 30 35 40 45 S0 S5

V (km/h)

Hinh 6. D6 thi dudng dic tinh suc kéo thuc té cia dau may DIE va D12E.
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220

|£] Buding dac tinh sic kéo cla dau may D13E

216

200

180

160

140

120

F ()

100

80

&0

40

20

0

|2 Buding dac tinh sitc kéo cla dau may D18E

260

o 5

o 15

20 25 20 35 40 45 S0 S5 60 65 70

v (km/h)

75 80 8 90 95 100

240

220

200
(15.6,190)
180
160

140

F(kN)

120

100

80

0 S5 10 15 20 25 320 35 40 45 S0 S5 60 65 70

V (km/h)

75 80 85 90 95 100

Hinh 7. D6 thi duong dic tinh suc

kéo thyc té cua dau may D13E va D18E.

|£] Buding dac tinh sic kéo cla dau may D19E

380
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

60

40

20

370

F (k)

o

50 &0

70

v (km/h)

80

a0 100 110

120

|2 Buang dac tinh sic kéo cla dau may D20E

260
240
220
200
180
160

140

F (kn)

120

100

0 10

20 30

40 50

60 70
v (km/h)

80

a0

100

110

120

Hinh 8. P6 thi duong dic tinh stc kéo thuc té cia dau may D19E va D20E.

Két qua tinh toén tong hop va két qua tinh toan hop luc don vi & céc ché do kéo, chay
da va ham doi voi doan tau hang 795 tan do dau may D19E keéo, gom 15 toa xe G cho dudi
dang bang so6 va do thi, thé hién trén cac giao dién hinh 9-11.

|£] Bang két qua tinh toan HLDV: 1.D9E keo tau hang 15 xe G (795 t).txt

M0 Fk() w0 (W/kN) wo'(N) wO”(Nfki) wo"(N) wo(n) ck(n) ckn/ii) PRCLR ORI BT (W/kn)  ch (W/ki)
0.0 156000 | 1.621 | B66.660 | 0.700 | 5450.265 | 6325.925 |149674.0...| 17.960 | 2400 | 1283.148 | 6742.413 | -0.800 0.270 | 103.677 | -52.647
5.0 142000 | 1.688 | 902.695 | 0.908 | 7081.447 | 7984.141 [134015.8..| 16.081 | 2.459 | 1314.558 | 8396.005 | -1.007 0.227 | 87.088 | -44.552
10.0 | 128000 | 1.797 | 961.024 | 1.132 | 8828.411 | 9780.436 [118210.5..] 14.185 | 2.535 | 1355.325 |10183.736| -1.222 0.198 76.030 | -39.237
12.0 | 123000 | 1.853 | 990.599 | 1.226 | 9562.137 |10552.735|112447.2..| 13.493 | 2570 | 1374.252 [10036.388| -1.312 0.189 72.574 | -37.599
15.0 | 111188 | 1.948 | 1041.649 | 1372 |10700.159|11741.808|99445.692| 11.933 | 2.629 | 1405448 |12105.607 | -1.453 0.177 | 68.130 | -35.518
20.0 91500 2.141 1144,568 1.628 |12696.691|13841.259|77658.741| 9.319 2.740 1464.927 |14161.618 -1.699 0.162 62.206 -32.802
25.0 78750 2.375 | 1269.782 | 1.900 |14818.005|16087.787|62662.213| 7.519 2.860 | 1533.763 [16351.768| -1.962 0.150 57.508 | -30.761
30.0 66000 2.651 | 1417.290 | 2188 |17064.103|18481.393|47518.607| 5.702 3.015 | 1611.955 |18676.057 | -2.241 0.140 53.912 | -29.197
35.0 57000 2.968 1587.094 2,492 |19434,983|21022.077|35977.923 | 4.317 3.179 1699.503 |21134.486 -2.536 0.133 50.896 -27.984
40.0 48000 3328 | 1779192 | 2.812 |21930.647|23709.839(24290.161| 2.915 3.360 | 1796.407 |23727.055| -2.847 0.126 | 48.382 | -27.038
45.0 41500 3.720 | 1993.584 | 3.148 |24551.095|26544.679|14955.321| 1.795 3.550 | 1902.668 |26453.762| -3.174 0.120 | 46.256 | -26.302
50.0 35000 4,172 2230.272 3.300 |27296.325|29526.597 | 5473.403 0.657 3.775 2018.285 |29314.610 -3.518 0.116 44,433 -25.734
55.0 31750 4.656 | 2489.254 | 3.868 |30166.339|32655.592| -005.502 | -0.100 | 4.000 | 2143.258 [32300.597| -3.877 0,112 | 42.853 | -25.304
60.0 28500 5.182 | 2770.530 | 4.252 |33161.135|35031.666|-7431.666 | -0.892 | 4.260 | 2277.588 |35438.723| -4.253 0,108 | 41471 | -24.088
65.0 26250 5.750 | 3074.102 | 4.652 |36280.715|39354.817|-13104.817| -1.573 | 4.529 | 2421.374 |38701.989 | -4.644 0,105 | 40.251 | -24.770
70.0 24000 6.350 | 3399.968 | 5.068 |30525.079)42025.047|-18925.047) -2.271 | 4.815 | 2574.316 |42009.394| -5.052 0,102 | 39.167 | -24.635
75.0 22750 7.011 | 3748.120 | 5.500 |42804.225|46642.354|-23802.354 -2.867 | 5.119 | 2736.714 |45630.939| -5.476 0.009 38.197 | -24.574
80.0 21500 7.703 | 4118.584 | 5.048 | 46388.155|50506.739|-20006.739) -3.481 5.440 | 2008.469 (49296.623| -5.915 0.097 | 37.324 | -24.577
85.0 20000 8438 | 4511.335 | 6.412 |50006.867|54518.202|-34518.202) -4.142 | 5779 | 3089.580 |53006.447 | -6.371 0.085 36.534 | -24.638
20.0 18500 9.214 | 4926.379 | 6.892 |53750.363|58676.743-40176.743) -4.821 6.135 | 3280.047 [57030.410| -6.843 0.003 35.816 | -24.751
95.0 17250 | 10.032 | 5363.719 | 7.388 | 57618.643 | 62982.362|-45732.362 -5.488 6.509 | 3479.871 |61098.513| -7.332 0.092 | 35.160 | -24.912
100.0 16000 | 10.892 | 5823.353 | 7.900 |61611.705|67435.058|-51435.058 -6.172 | 6.900 | 3689.051 |65300.756 | -7.836 0.080 34.550 | -25.115
105.0 8000 11793 | 6305.282 | 8.428 |65720.551|72034.833|-64034.833) -7.684 7.300 | 3007.587 [69637.137| -8.356 0.089 34.006 | -25.359
110.0 i 12.737 | 6809.506 | 8.972 |69972.179 76781.685|-76781.683 -9.214 7.735 | 4135479 |74107.658 | -8.893 0.087 | 33.496 | -25.640
114.0 0 13.521 | 7228.937 9.419 |73456.126 | B0685.064 -80685.064) -9.682 8.089 4324,530 |77780.656 -9.333 0.086 33.115 -25.891

Hinh 9. Két qua tinh toan tong hop cho dudi dang bang s6 d6i vai doan tau hang 795 tan do dau
may D19E kéo, gom 15 toa xe G.
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|£| Bang HLDV: 1.D9E keo tau hang 15 xe G (795 t).bxt — O X
V (kam/h) cod = F2(V) (/i)

0.0 17.960 -0.809 -52.647
5.0 16.081 -1.007 44,552
10.0 14,185 -1.222 -39.237
12.0 13.493 -1.312 -37.599
15.0 11,933 -1.453 -35.518
20.0 0.319 -1.639 -32.802
25.0 7.519 -1.962 -30.761
30.0 5.702 2.241 -29.197
35.0 4.317 -2.536 -27.984
40.0 2.015 -2.847 -27.028
45.0 1.785 -3.174 -26.302
50.0 0.657 -3.518 -25.734
55.0 -0.109 -3.877 -25.304
60.0 -0.892 4,253 -24.088
65.0 -1.573 4.644 -24.770
70.0 -2.271 -5.052 -24.635
75.0 -2.867 -5.476 -24.574
80.0 -3.481 -5.915 -24.577
85.0 1,142 -6.371 -24.638
0.0 -4.821 -6.843 -24.751
95.0 -5.488 -7.332 -24.912
100.0 -6.172 7.836 -25.115
105.0 -7.684 -8.356 -25.359
110.0 9.214 -8.803 -25.640
114.0 -0.682 0,333 -25.891

Hinh 10. Két qua tinh toan hop luc don vi ¢ céc ché do kéo, chay da
va ham cho dudi dang bang so doi véi doan tau hang 795 tan
do dau may D19E keéo, gom 15 toa xe G.

|£ | Buding cong HLEV: 1.D9E keo tau hang 15 xe G (795 t).txt - O X

110
100
20
30
70

&0 . . ~
Kéo Chay da Ham

v (km/h)

50
40
30
20

10

Di
20 15 10 5 a -5 -0 -1 20 25 30 35 40 45 50 55
c (N/kN)

|[—Kéo: ok = fL{v) —Chay da: ccd = f2(v) — Ham: ch = f3(v)]
'Hinh 11. Biéu d6 hop luc don vi & cac ché do kéo, chay da
va ham d6i v4i doan tau hang 795 tan do dau may D19E kéo, gom 15 toa xe G.
Két qua tinh toan hop luc don vi véi mot s6 doan tau cu thé do céc loai du may khéc
nhau kéo dugc thé hién trén cac hinh 12-18.
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1£/Bang HLDV: D19E keo hang 17 xe G (301 t).bxt - B = |£] Pusng cong HLBV: D19E keo hang 17 xe G (901 t).bet — m} x

v (km/h) ck = F1(V) (N/kN) ch = f3(V) (N/kN) 120
0.0 37.632 -0.840 -52.691 ~ -
5.0 35.879 -1.036 -44.591 110
10.0 34.108 -1.248 -39.272
15.0 22.849 -1.476 -35.549 100
15.6 21.496 -1.504 -35.178
20.0 15.983 -1.720 -32.830 20
25.0 12.915 -1.980 -30.786
30.0 9.830 -2.256 -29.219 80
35.0 8.077 -2.549 -28.003
40.0 6.307 -2.857 -27.054
45.0 5.194 -3.182 -26.315 Kéo Chay da Him
50.0 4.064 -3.523 -25.744
55.0 3.020 -3.880 -25.311
60.0 1.959 4.253 -24.993
65.0 1.037 4.642 -24.772 40
70.0 0.097 -5.047 -24.635 30
75.0 -0.601 -5.489 -24.571
80.0 -1.316 -5.906 -24.572 20
85.0 -1.944 -6.360 -24.631
90.0 -2.580 -6.830 -24.742 10
95.0 -3.351 -7.315 -24.900 0
100.0 -4.130 -7.818 -25.101
T05.0 o597 e 5043 40 35 20 25 20 15 10 S o 5 .—10 -15 20 25 -20 -35 40 45 50 55
110.0 -9.082 -8.870 -25.622 ¢ (N/kN)
1150 2,658 9420 25936 v [—Keo: ¢k = fL(v) — chay da: ced = 2(v) —Ham: ch = B3(v)]

N 2 1A . \ h . K \ \ \
Hinh 12. Bang gia tri va duong cong hop lyc don vi ctia doan tau hang
A : / Z. A X
do dau may D19E kéo, khoi lugng 901 tan gom 17 toa xe G.
|£/Bang HLDV: D19E keo tauhang 0xe G (1060 Dbt — O X |£] Buang cong HLDV: D19E keo tau hang 20 xe G (1060 t).txt - O X

V (km/h) = f1(v) (/) IRSERPIOICCOM  ch = £3(v) (u/kn)
0.0

32.290 -0.821 -52.682 ~ 120,

5.0 30.752 -1.018 -44.582 110

10.0 29.198 -1.232 -39.264

15.0 10.473 -1.461 -35.542 100

15.6 18.305 -1.490 -35.171

20.0 13.529 -1.707 -32.824 a0

25.0 10.851 -1.969 -30.781

30.0 8.155 -2.247 -29.215 80

35.0 6.604 -2.541 -28.000 - 70

40.0 5.036 -2.851 -27.053 T"

45.0 4.031 -3.177 -26.316 5 60 Kéo Chay da Him
50.0 3.010 -3.520 -25.746 ~

55.0 2,060 -3.878 -25.314 = s0

60.0 1.094 4.253 -24.097

65.0 0.244 -4.643 -24.778 40

70.0 -0.623 -5.050 -24.642 a0

75.0 -1.283 -5.473 -24.580

80.0 -1.961 -5.912 -24.582 20

85.0 -2.567 -6.367 -24.642

0.0 -3.189 -6.838 -24.754 10

95.0 -3.914 -7.326 -24.913 0

100.0 -4.635 -7.829 -25.116

050 e i S350 3 30 B 20 15 10 5 0 5 -0 5 20 325 30 35 40 45 50 55
110.0 -9.067 -8.884 -25.640 © (N"’kN)

150 L] 8436 259% v [—Keéor d: = fL(v) —chay da: ced = f2(v) —Ham: ch = fa(v)]

3 2 HF4 . by 1 . 9 by 1 by
Hinh 13. Bang gié tri va duong cong hop luc don vi cua doan tau hang
A z z A A A
do dau may D19E keéo, khoi Iugng 1060 tan gom 20 toa xe G.
2] Bang HLDV: D19E keo hang 25 xe G (1325 .ot - b X |£] Busng cong HLOV: D19E keo hang 25 xe G (1325 th.xt - O X

v (km/h) ck = F1(v) (n/kn) ch = f3(v) (N/kn) 120

0.0 26.072 -0.798 -52.672 ~ =

5.0 24.785 -0.997 -44.572 110

10.0 23.481 -1.213 -39.254

15.0 15.544 L4494 -35.533 100

15.6 14.591 -1.473 -35.163

20.0 10.672 -1.692 32.817 90

25.0 8.447 -1.956 -30.775

30.0 6.206 -2.236 -29.210 a0

35.0 4.820 -2.532 -27.997 - 70

40.0 3.557 -2.844 -27.052 =

45.0 2.678 -3.172 -26.316 5 60 Chay da Ham
50.0 1.783 -3.516 -25.748 =~

55.0 0.943 -3.876 25318 = 50

60.0 0.086 4.252 -25.002

65.0 -0.679 4.645 -24.784 40

70.0 -1.461 -5.053 -24.651 30

75.0 -2.078 -3.478 -24.590

80.0 -2.713 -5.019 -24.594 20

85.0 -3.201 -6.376 -24.655

90.0 -3.887 -6.848 -24.768 10

95.0 -4.568 -7.337 -24.930 0

1000 5267 7842 A 30 25 =20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 50 55
105.0 -7.149 -8.364 -25.378 N

110.0 -9.049 -8.901 -25.660 ¢ (N'd kN)

1150 2.620 0454 25077 v [=Kea: ek = fL(v) — chay da: ced = 2(v) —Ham: ch = fa(v)]

Hinh 14. Bang gia tri va duong cong hop luc don vi ciia doan tau hang
do dau may D19E kéo, khoi Iugng 1.325 tan gom 25 toa xe G.
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|#| Budng cong HLDV: 1.D9E keo tau hang 15 xe G (795 t).txt

110

Chay da

v (kmy/h)

20 15 10 5 0 5 -0 15 20 25 30 35 40
« (N/KkN)

[—Kéo: c = f1(v) — Chay da ced = £2(v) — Ham: ch = f3(v)]

-5

50

55

| £ Buding cong HLDV: 4.D12E keo tau hang 15 xe G (795 t).txt - m] X

Chay da Ham

v (km/h)

20 15 10 5 0o 5 -0 -5 20 25 30 35 40 45 50 55
< (N/KN)

[=re0: ek = f1{v) —Chay dir eed = f2(v) —Ham: eh = fa(v)]

Hinh 15. Buong cong hop luc don vi ciia doan tau hang 795 tan
gom 15 toa xe G do dau may D9E va D12E kéo.

|£) Buéng cong HLDV: 2.D10H keo tau hang 15 xe G (795 t).txt

70

hay da

v (km/h)

25 20 15 10 5 0 -5 -0 15 20 -25 -30 35 40
« (N/kn)

[—K&o: ck = f1(V) =—Chay da: ccd = f2(V) —Ham: ch = fﬁ('u)‘

45

50

-55

|£) Buéng cong HLDV: 3.D11H keo tau hang 15 xe G (795 t).txt - O X
100

90
80
70
60
50 Kéo

Chay da Ham

v (km/h)

40

30

20 15 10 5 0 5 10 -15 20 25 30 35 40 45 50 55
« (N/kN)

[—rea: d = fuiv) —chay g ccd = f2(v) —Ham: ch = (V)]

Hinh 16. Buong cong hop luc don vi cia doan tau hang 795 tan
gom 15 toa xe G do dau may D10H va D11H kéo.

|£] Buéng cong HLDV: 5.D13E keo tau hang 15 xe G (795 t).txt -

60

Ham

v (km/h)

25 20 15 110 5 o 5 -0 -15 20 25 30 35 40
¢ (N/kN)

—Ké&o: d = f1(V) =Chay da: ccd = f2(v) —Ham: ch = fﬁ(v)‘

-5

50

55

|£] Buting cong HLDV: 6.D18E keo tau hang 15 xe G (795 t).txt - ] X
90
80
70
60
£ Kéo Chay da Ham
=40
30
20
10
0
3! 02 20 15 10 5 0 5 -0 -15 20 25 30 35 40 45 S0 55
C(N/kN)
[ reo: de = fatv) —Cchay dis ced = f2(v) —Him: ch = f3(v)|

H‘Inh 17. Buong cong hop lue don vi cua doan tau hang 795
tan gom 15 toa xe G do dau may D13E va D18E kéo.
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|£] Budng cong HLDV: 7.D19E keo tau hang 15 xe G (795 th.txt - a X |£] Budng cong HLDV: 8.D20E keo tau hang 15 xe G (795 t).txt - m] X

Chay da Ké Chay da

45 40 35 30 25 20 15 10 5 0 5 .10 -15 20 5 30 35 40 -45 S0 55 " s , 15 10 5 0 5 -0 A5 0 35 30 35 a0 45 S0 55
« (N/kN) © (N/KkN)

[—K&o: e = (V) — Chay di ccd = £2(V) — Ham: ch = 3(V)] [=reo: dic = f1iv) —Chay da: ced = 2(v) —Ham: ch = f3(v)|

Hinh 18. Buong cong hop luc don vi ciia doan tau hang 795 tan
gom 15 toa xe G do dau may D19E va D20E kéo.

Trén céc hinh 11-14 thé hién biéu d6 hop luc don vi cua 04 doan tau hang do dau may
D19E kéo, gom doan tau 15 xe G (795 tin); 17 xe G (901 tan); 20 xe G (1060 tin) va 25 xe
G (1.325 tan) va toc d6 can bang twong tng trén dudng bang lan luot 1a xap xi 70, 70, 65
va 60 km/h.

Trén cac hinh 11-14 thé hién biéu d6 hop luc don vi cua 8 loai ddu may D9E, D12E,
D10H, D11H, D13E, D18E, D19E va D20E kéo cing mot doan tau hang 15 xe G (795
tan), va thiy rang toc do can bang trén duong bang cua ching la khac nhau, va lan luot xap
xi 1a 50, 50, 50, 60, 60, 70, 70 va 80 km/h (tri s6 chinh xac can duoc lay tir két qua tinh
toan trong chuong trinh).

4. KET LUAN

Chuong trinh dé xay dung cho phép xac dinh mét cach nhanh chong tri s6 hop luc don
vi cua bat ky doan tau cu thé nao ¢ ba trang thai van hanh kéo, van hanh chay da va van
hanh ham, duoc thé hién dudi dang bang s6 liéu va dudi dang d6 thi. Gia tri hop luc don vi
duoc str dung dé tinh toan thoi gian chay va téc do cua doan tau trén khu gian va v& cac
biéu d6 tuong ing t=f (S) va Vv = f(S).

Puong cong hop lec don vi dugc st dung dé phan tich trang thai van hanh caa doan
tau, trong d6 co: phan doan chiéu huéng luc gia téc cia doan tau; xac dinh toe do can bang
cua doan tau & cac ché do van hanh trén cic do doc khac nhau.

Chuong trinh d4 xay dung chi 1a mot mé dun trong chwong trinh tong hop, s& duoc két
ndi v&i chuong trinh t6ng hop tinh toan strc kéo doan tau.

LOI CAM ON ‘ ,
Nghién ctru nay duoc tai trg boi Truong Pai hoc Giao thong van tai trong dé tai ma so
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