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NGHIEN CUU TOI UU KET CAU CABIN DAU MAY DOI MO1 D19E
DE NANG CAO DO AN TOAN CHO NGUG1 LAI TAU

RESEARCH FOR OPTIMIZATION OF CABIN STRUCTURAL OF LOCOMOTIVE "D19E INNOVATION"

TO IMPROVE SAFETY FOR DRIVERS

TOM TAT

Hién nay giao thong dudng st van la loai hinh giao thong quan trong trong
viéc di lai va van chuyén hang hda, hang nam c6 hang triéu ngudi di chuyén bang
loai hinh giao thong nay. Van dé an toan dugng sat dugc nqusi dan va cac co
quan bd nganh dac biét quan tdm. Trong bai bdo nay sé trinh bay ndi dung
nghién ciiu: Phén tich tinh toan cac tinh hudng xdy ra va cham giita phuong tién
dudng bd va phuang tién dutng sat gy mat an toan cho nhan vién Idi tau. Thiét
ké lai cc cabin cta dau may xe |ta D19E do Trung Qudc ché tao trén co s6 tinh lyc
va cham va bién dang Cabin dau mdy D19E. S& dung phan mém ANSYS 18.2 dé
t6i uu hoa két cdu Modul vanh bao vé AT D19E. Két qua tao ra dugc san pham co
d0 an toan cao hon cho nguoi Iai tau khi xay ra va cham giita dau may D19E -
phuang tién dudng bd va cd chi phi hgp Iy nhat.

Tir khéa: Cabin ddu mdy D19E, bién dang, chuyén vi, va cham, ngoai luc, vit
liéu Q3458B.

ABSTRACT

Nowadays, railway traffic is still an important form of transportation in
travel and freight transport. Millions of people traveled by this type of
transportation every year. Railway safety is a particular concern for the people,
government ministries and agencies. In this article, the following research
content will be presented: Analysis and calculation of collisions between road
vehicles and railway vehicles which cause unsafety for train drivers. Redesigning
of Chinese-made D19E locomotive cabin based on the calculation results of the
cabin’s impact force and deformation. Using ANSYS 18.2 software to optimize
the structure of the AT D19E’s Protection Module. The result is a product with
higher safety for train drivers when a collision occurs between the D19E
locomotive and a road vehicle that has the most reasonable cost.

Keywords: Cabin of locomotive D19E, deformation, displacement, collision,
external force, material Q345B.
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1. GIGI THIEU CHUNG

Hién trang giao thong dudng bo va dudng sat Viét Nam
con nhiéu bat cap nén trong thai gian gan day sé lugng cac
vu tai nan giao thong trén dudng sat ngay cang nhiéu, vi
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du nhu tau SE3 va cham vao may muc lam chat banh
dudng ray tai Quang Binh; Xe container da c6 tinh vugt
dudng ngang c6 ngudi gac, ddng ldc tau hod mang sé hiéu
HP3 di dén dan dén vu tai nan giao thong nghiém trong tai
Hai Duong; Gan day la vu va cham cla tau SE19- 927 va
cham vdéi xe ben ché da gay hau qua 02 lai tau thiét mang
do chua l3p tdm tang cling ca bin ...

Qua khao sét trong nudc cling nhu trén thé gidi [2, 3]
tac gia nhan thdy cac trudng hop va cham theo thuc té ctia
Viét Nam véi cac tinh hudng dién hinh nhu sau :

- Pau may va cham véi phuong tién dudng bé o tai
trong dudi 2.500Kg trudng hogp nay thi vung va cham chu
yéu la phan gam tau, phan gam tau c6 két cdu rat cing
viing. Do d6 khi va cham hau nhu khong bi bién dang, it
nguy hiém cho ngusi lai tau.

- Dau may va cham véi cac phuong tién dudng bd co tai
trong >2.500kg (6 t0 tai, xe ben ch& da, container, xe boén...)
khi phuong tién di chuyén cit ngang dudng sit. Pay la
trudng hap nguy hiém nhat do 6 t6 tai thudng cé cac thung
chd hang c6 khéi lugng 16n va chiéu cao thanh thung <6
chiéu cao trén 2m nén phan va cham tap trung vao vé cla
dau may. Do vo tau cla dau may D19E c6 két cdu la tam
mong, nén trong thuc té€ phan nay thudng bi pha hay hoac
bién dang rat I16n. Vi vay cac tai x€ lai tau, ngudi ngoi trén
dau may thudng rat nguy hiém trong hgp nay.

2. PHUONG AN CONG NGHE NANG CAO PO CUNG
VUNG CABIN DAU MAY D19E

Trén cc s& phan tich mot s6 trudng hop va cham dién
hinh hay gédp cta dau may D19E vdi cac phuong tién giao
thong trén dudng bé. Tac gia nhan thay cé hai phuong an
dé nang cao hé sé an toan cho lai tau cda dau may D19E khi
xay ra va cham nhu sau:

Phuong an | (PA 1): Cai tao toan bé phan vé cta dau
may

- Cat bo toan bo phan khung va vé cl hai dau may véi
chiéu cao tinh t& mat san 800mm.

- Thay mgi vo bang mot vé lién khung thép c6 chiéu
day Ién hon nhung van dam bao cac chi tiéu ky thuat khi
van hanh
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Phuong an 1l (PA 2) : Lap thém modul ting ciing vao
ch6 can thay cho vo ci. Véi hai phuong an trén ching toi
c6 mot s6 danh gia sau: PA 1: Uu diém: phu hop khi ché tao
mai dau may vi sé gidm dugc trong lugng. Nhugc diém: khi
cai tao dau may cl chi phi cao, thgi gian dirng may lau. Lam
thay d6i két cau téng thanh cta Cabin dau may nén phai
tinh toan thiét ké lai. PA 2: Uu diém: don gidn cho cai tao
dau may cd, dé thao tac thao lap, chi phi gia thanh cai tao
thap va thai gian thi cong nhanh.

Qua phan tich & trén Phuong an Il (hinh 1) dugc lya
chon dé tién hanh nghién ciu tinh toan thiét ké dugc két
cdu t6i uu cta Modul vanh bao vé AT D19E lap cho dau
mdy D19E dé nang cao do an toan cho lai tau khi xay ra va
cham véi phuong tién giao thong dudng bo.

oo .

L

Hinh 1. PA 2 Modul vanh bado vé AT D19E

3. THIET KE MODUL VANH BAO VE LAP TREN CABIN
DPAU MAY D19E

Cdc théng sé ddu vao khi thiét ké gom:

- Trong lugng dau may va toa xe: 500 tan.

- Van t6c dau may: 120km/h.

- Phuaong tién dudng béd xe Container trong tai 40 tan
d6 ngang trén dudng.

- V4t lieu 1am vanh bao vé : Thép Q3458

- Bién dang t6i da 350mm.

- Khéi lugng khéng dugc vugt qua 3% téng khéi luong
dau may.

- Khi déng hoc vé tau khong thay ddi.

Nhu da phan tich & phan 2, trong phan nay sé tién hanh
thié€t ké 13p thém tam gia cudng, tang d6 an toan cho ngudi
lai tau. Cac cong viéc chinh gom:

- Dua vao phuong phap thiét ké ngugc dé xac dinh bién
dang dau tau tur d6 dua ra bién dang chinh xac ctia vo
thay thé.

- Tinh todn thiét ké so bo vo thay thé (tim dugc dé day
hgp ly ctia tam thay thé).

- Kiém tra bén déi vai vé thay thé.

- Tinh toan lua chon phuong én 13p ghép vo thay thé
vao gam dau may.

Sau khi st dung May quét 3D EinScan-Pro dé quét bién
dang vo dau may D19E két hgp véi phan mém Geomagic
Design X64. K&t qua thu dugc bién dang vé tau D19E nhu
hinh 2.
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Hinh 2. V4 Cabin ddu médy D19E sau khi ldy mau

Qua cong viéc thiét ké ngugc, tac gia da thiét ké chinh
xac dugc bién dang vé dau may va phan vé mdi can thay
thé. Dua vao két cdu khung xuong ctia dau may D19E theo
hé so ky thuat cta nha ché tao dau may D19E ta sé lap
Modul vanh bao vé nhu vé thay thé trén hinh 3.

, \ |
f [ .

Hinh 3. Két cdu dau may cé Iap vo thay thé

Dua theo theo két cau cla khung xuong dau may va
phuong &n cai tao vé may thi thay rang két cdu mat san
dudi dugc ghép bang tdn mdng day 3mm han trén khung
gam chinh. Khi phuong an cai tao la thay thé mét phan vo
cla dau may thi khéng han theo phan vo ci dugc vi
phuang an han nay sé cho lién két yéu trén vo. Do dé can
phai dung mai lap ghép buléng ecu M24 phan vé mai lén
truc ti€p khung gam méi c6 d6 ciing viing cao.

- Phan tich tinh toan dé day vé thay thé.
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Hinh 4. M hinh tinh todn vo thay thé

Trong phan nay tng dung kién thiic stic bén vat liéu [1],
dé thiét ké két cdu sa bd cla phan vé mdéi. Qua phan tich &
muc 2 ta sé cé moé hinh chiu luc nhu hinh 6.

- Vung va cham c6 kich thuéc 425.
- Phan vo6 méi dugc gan ciing trén khung gam.
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Nhu vay bai toan dat ra la can tim d6 day cla vo thay
thé cho vé cabin dau may D19E.

D{r liéu dau vao cho tinh toan nhu sau:

- Trong lugng dau may va toa xe: 500 tan.

- Van t6c dau may: 120km/h.

- Phuaong tién dudng bo xe Container trong tai 40 tan di
ngang trén dudng dan sinh.

- Vanh bdo vé vat liéu thép Q345B.

- Bién dang t6i da cho phép: 300mm.

- Hé s6 an toan ky thuat k= 1,25.

Trén mo hinh tinh toan khi va cham thi:

-m1 =40 tdn = 4.10%kg - Khéi lugng cla xe va cham.

-m2 = 500 tan = 5.10°kg - Khéi lugng cla doan tau thu
gon dua vé diém va cham.

-V=120km/h = 33,3 (m/s) van t6c khi va cham bang véi
van t6c van téc cia doan tau.

Méc thép Q345B dé lam v thay thé c6 :

- Ung suat bén cho phép: [c] = 785MPa

Pau ra can tinh toan: d6 day § dé théa man diéu kién
bén va diéu kién cliing doi vai vat liéu trén.

Budc 1: M6 hinh bai todn la bai toan va cham mét bac tu
do.

Pé gidi dugc bai toan ta can di tim hé s6 tai trong déng
khi va cham. Hé s6 tai trong déng dugc tinh bang céng
thuc sau:

\

gA.(1+ E—i)

& day: V: van téc va cham V = 33,3 (m/s). g: Gia toc
trong trudng g = 9,8m/s?

kd=

A Chuyén vi tinh do mét luc ngang.

P = m,.g dat tinh |én dam tai diém va cham.

m1 = 4.10%kg - Khéi lugng clia xe va cham.

m2 = 5.10° kg - Khéi lugng clia doan tau dua vé mo hinh
va cham.

Budc 2: M6 hinh tinh chuyén vi tinh tai diém va cham do
Iuc ngang P gay ra tai diém va cham nhu hinh 5.

Hinh 5. M@ hinh tinh toan chuyén vi tinh
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- Xét mat cat ngang 1-1 nhu trén hinh 5 ta c6 phuong
trinh can bang:
{Q1 =0
Ml = 0
- Xét mat cat ngang 2-2 nhu hinh 5 ta ¢6 phuong trinh
can bang
{Qz =P
Mz = _P.Z
0<Z<6625mm
Q,=4.10°(N)
M6 men uén tai diém B:
Ms=0,2125*4.10°= 0,85.10° (N.m).
M6 men uén tai diém A:
Ma=(0,2125+0,45)*4.10°= 2,65.10° (N.m).
Nhu vay ta c6 biéu d6 luc cit va momen udn khi dat
tinh nhu hinh 6.

85.000Nm

265.000Nm

Hinh 6. Biéu d6 luc cdt va mé men udn
Budc 3: Tinh chuyén vi tinh . D& tinh dugc chuyén vi tinh
tai diém va cham, st dung phuaong phap nhan biéu d6
Veresaghin [1]. Phuong phap nay thuc hién nhu sau:
Dat mot luc gid st P = 1 don vi luc tai diém va cham C.
Nhu vay ta c6 mé hinh gia st nhu hinh 7.
D

Hinh 7. M@ hinh khi dat P =1 dan vi luc

- Xét mat cat ngang 1-1 nhu hinh 7, ta c6 phuong trinh
can bang

- Xét mat cat ngang 2-2 nhu hinh 7 ta c6 phuong trinh
can bang:
{Qz =P
MZ == _P.Z
0<Z<6625mm
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M6 men uén tai diém B
Mg=10,2125 (N.m)

M6 men uén tai diém A:
Ma=(0,2125 + 0,45) = 0,6625 (N.m)

Nhu vay ta c6 biéu d6 luc cit va momen udn khi P =1
don vi luc nhu hinh 8.

0.2125Nm

0.6625Nm

Hinh 8. Bi€u do luc cit va md men udn (ing véi luc gid st P = 1 don vi luc
Ap dung Veresaghin ta c6 chuyén vi tinh tai diém va
cham:
n.Q M.M
A= T
n: hé s6 diéu chinh vi tng suat ti€p do Q gay nén la
phan b6 khéng déu trén mat cat ngang. Do mat cit ngang
khi va cham la tiét dién hinh chir nhat nénn =1,2
G: M6 dun dan hoi trugt ca vat liéu.
D6i véi vat liéu Q345B thi G = 4200kg/cm?= 4,2.10°N/m?
F: Dién tich mat cdt ngang F = 8 x 4,374 (m?)
E: M& dun dan héi clia vat liéu
D6i véi vat liéu Q345B thi G = 2100kg/cm?= 2,1.10°N/m?
J: M& men quan tinh cGla mat cat ngang
2,86x8°3
12
Vid<<1m nén
] =0,248% + 3,1 % 8§ ~ 0,2483
nQ.Q _ 0,00086735

+2%1,432%8§% 0,757 = 0,246° + 3,1 % §

GF 5 M
MM _ 000637 5( )
5 e M

Chuyén vi tinh tai diém va cham:
WQ.Q M.M 900086735 006375 6006375
= » ~ =
3 m T 8 &4 &
Budc 4: Tinh toan dé day clia vo tau thay thé

A=

Hé sé tai trong dong khi va cham la:
Vv

— ~4,028%°
g. A, (1 + 2—?)

kdz
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Theo bi€u d6 mé men udn hinh 8, ta thdy rang mat cat
ngang tai A la nguy hiém nhat Ma= 265.000Nm.
Ung suat tinh 16n nhat la:
. M, 265000 1.579.000
Omax = W™ Tooa55 T g3
1.43
Ung suat dong 16n nhat khi va cham
d ¢ 6.350.000/ N
Omax = Kq * Opax = T(F)
Chuyén vi dong I6n nhat tai diém C va cham
0,006375 0,0255
53 T sls (m)
Theo yéu cau bai toan thi Ung suat bén cho phép: [6] =
785MPa = 785.10° (N/m?); Bién dang t6i da [A] = 300mm =
0,3m; Hé sé an toan ky thuat ka= 1,25.
Vay dé day cla vo thay thé can phai dam béo theo 2
cong thuc sau:

Al =Ky *A' =4,028"5x

6.350.000
{kat xod < [o] 1,25 x — 5 < 785.000.000
Al <[A] 0,0255 -
81,5 -

{80 = 0,0467m = 46,7mm (chonchi éuay t heodd bén)
85 = 0,19332m = 193mm (chonchi éuday t heobi &ndang)

Tinh chon chiéu day theo suc bén vat liéu ta nhan thay
phai chon tdm vé c6 chiéu day t8i thiéu §; = 46,7mm. Néu
chon chiéu day theo cach trén sé lam tang trong lugng dau
mdy va tang chi phi vat tu nhan cong. D€ ti uu hda két
cadu nhém nghién ciu da chon thép tiéu chudn Q345B c6
do day & = 10mm dé thiét ké Modul vanh bao vé AT D19E
duéi dang tdm cong c6 nhiéu gan tang cling nhu hinh 9.
Luc nay viéc kiém tra theo d& bén va bién dang sé dugc
thuc hién theo biang phuong phéap phan t& hitu han trén
phan mém ANSYS 18.2.
4.TOI UU HOA KET CAU BANG PHAN TiCH KIEM TRA VA
CHAM CUA PHUONG TIEN PUGNG BO VA POAN TAU
TREN PHAN MEM ANSYS 18.2

Can cu theo cac théng s6 ky thuét cha cac phuong tién
dudng bé va tai liéu [4] tac gia da thiét ké dugc mo hinh va
cham nhu sau dé kiém tra lai va cham thuc té hinh 10.

Qua m6 hinh va cham phan ti€p xuc truc ti€ép clia cabin
vGi xe bon & chiéu cao 2200mm so véi mat dat. Phan thung
bén chia gas phia sau co bién dang hinh tru nén khi va
cham phan cabin ti€p xuc truc ti€p véi phan cong lam cho
cabin bi uén vao trong nhu trong thuc té.

* Piéu kién va cham:

+ Trong lugng xe bén la 41 tan, di chuyén bang qua
dudng ray véi van toc: 3,6km/h = 1m/s.

+ Trong lugng doan tau la 500 tan,di chuyén vdi van téc
120km/h = 33,3m/s.

+ Thai gian va cham dién ra thudng rat ngin. G day
ching t6i chon 1a 0,01 - 0,03s.
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Hinh 9. Modul vanh bao vé AT D19 13p Cabin dau mdy D19E

Budc 1. Dua mo hinh dau may va xe bon vao phan mém
Ansys 18.2.

Budc 2. Thiét 1ap cac thong s6 dé :

+Thiét lap van téc doan tau v = 33,3m/s

+Thiét lap van t6c xe bon v = 1m/s

Trudc khi xay ra va cham, gia thiét xe bén va cabin dang
ngang bang tam(theo mo hinh bén dudi), phan tdam quay
cUa xe bon sé dat & hang banh xe bén trai (phan khoanh)

+Thiét lap thai gian va cham end time = 0,03s

Budc 3: Chia ludi d6i tuong, chia lugi véi sé nat ~18.000
nut

Budc 4: Sau chay mé phong , két qua sau phan tich ta
thdy (ng sudt Von-mises: Gmsx = 84703MPa > Oa =
600MPa bién dang ddu mdy xay khi va cham nhu bang ting
suat va bién dang hinh 11.

Hinh 10. M hinh bai toan kiém tra va cham
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Details of “Equivalent Stress™ 2
By Time ~
| Display Time lLast |
Calculate Time History | Yes
Identifier B
Suppressed 'No
= Integration Point Results
'Dunlny Option Averaged
Average Across Bodies No
= | Results
' Minimum 1.6383e~006 Pa
Maximum |8.4703¢-010 Pa
'Minimum Occurs On | ThanTau
Maximum Occurs On | Cabin305
= | Minimum Value Over Time
Minimum 0. Pa
Maximum |5,1183¢-006 Pa
= Maximum Value Over Time
[ Minimum l0.Pa
Maximum [ 1.9288¢-011 Pa
+ Information I~

Hinh 11. Két qua bién dang Cabin dau may D19E

Khi va cham xdy ra, mat trudc cabin tiép xuc truc tiép
vGi bién dang cong ctia bon, lam cho cabin bj uén cong
theo chiéu ngugc lai. Luc nay xe bon theo tam quay sé
nghiéng qua bén trai, phan bién dang cong nhat ctia bén
bi ddy 1én, mat trudc cabin theo do6 bi kéo 1én theo phan
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bén lam cho mat ti€p xuc gilra cabin va san tau bi pha hay
lam bat cabin 1én. Trong qua trinh va cham,vi tri 2 bén canh
cabin chiu tadc dong luc I6n hon.

Sau khi diéu chinh lai két cdu tang chiéu day hai bén tu
10mm lén 20mm va han g& tang cing day nhu hinh 12. M6
phong th nghiém lai véi van téc doan tau dung dau may
D19E c6 trong lugng 500 tan di chuyén véi van téc
V = 120km/h khi c6 cac va cham véi loai phuong tién giao
thong la xe bén. K&t qua gia tri dd bén & hai canh sé dugc
nang cao trong khi mdc dé bién dang 0,2495m < 0,350m
nhu hinh 13. Modul vanh bao vé AT D19 du diéu kién an
toan cho ngudi lai tau.

.
Pooie -

il

Hinh 13. Két qua bién dang max 0.2945m Modul Vanh bdo vé AT19 khi va cham
5. KET LUAN

Thiét ké cai tién cabin dau may D19E 6 l1ap modul vanh
bdo vé AT D19E c¢6 phan két cau khong lam thay déi dac
tinh khi d6ng hoc ciing nhu tinh nang ky thuat van hanh
dau cha dau may. Cu thé trong lugng Modul vanh bao vé
AT D19E lap cho ca hai dau: 760 x 2 cai = 1.520kg < 3%
(Trong lugng dau may D19E 89 tan) = 2.670kg. Khi xay ra va
cham mac du Cabin dau may D19E bi bién dang thi van
con du khong gian an toan va bado vé dugc nhan vién lai
tau. Modul vanh bao vé AT D19E c6 két cau t6i uu da lam
nang cao dugc tinh kinh té cho c6ng tac cai tién sta chira
dau may ci ciing nhu ché tao dau may mdi sau nay. Diéu
quan trong nhat do 1a phu hop véi diéu kién thuc té Van tai
dudng sat cda Viét Nam.

Hién nay, san phdm Modul vanh bao vé AT D19E da
dugc ting dung I13p cho hon 30 dau may B6i méi D19E cla
Téng Cong ty Pudng sat Viét Nam.
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