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TOM TAT

Tén dé tai: Thiét ké nang cip hé théng xe Danabus diesel thanh xe dién
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Trong bdi canh nganh giao thong vén tai dang chiu ap luc phai cat giam phat thai
khi nha kinh, déc bit tir cac phuong tién su dung nhién liéu hoa thach nhu xe buyt, viéc
chuyen do6i sang phuong tién sir dung ning luong dién dugc xem 13 giai phap thiét thuc
va bén vitng. Xe buyt Danabus — phuong tién cong cong phd bién tai Pa Nang — khi sir
dung dong co diesel khong nhiing ti€u hao nhién li¢u 16n ma con phat sinh lugng khi
thai gay 6 nhiém mai truong dang ké. Vi vdy, nghién ctru chuyén doi Danabus tir dong
co diesel sang dién 13 hudng tiép can phu hop, gop phan giam phat thai va nang cao cht
luong song db thi.

Do an tap trung vao viée thiét ké va mo phong hé thong truyen dong dién hoan
chinh cho xe Danabus, bao gom lwa chon dong co dién, thiét ké hop s6 giam tdc, tinh
toan hé thong pin, h¢ thong diéu khién va sac dién. Khéc véi viée ché tao xe méi, dé tai
Iwa chon giai phép cai tao trén nén tang xe buyt hién c6 nham tiét kiém chi phi dau tu,
dong thoi dam bao tinh kha thi trong trién khai thuc té tai Viét Nam.

Nhom da khao sat cac thong sb6 van hanh thyuc té cua xe, tir d6 lua chon dong co
HVH250-090S va pin LiFePO4 phu hop vo6i nhu cau di chuyén trong d6 thi. Qua trinh
nghién ctru bao gom mo phong hé thong truyen dong theo chu trinh WLTC loai 2, danh
gla tiéu thu nang luong, kiém tra cac chi tiét co khi nhu hé thong treo, phanh bang phan
mém Inventor. Ngoai ra, hé thong sac va diéu khién trung tim ciing dugc thiét ké dé
dam bao xe van hanh an toan, hi¢u qua.

Két qua nghién ctru khong chi dé xuat phuong an chuyén do6i kha thi va hiéu qua
vé mit ning lugng, ma con gbp phan thuc day xu hudng phat trién giao théng xanh, than
thién moi trudong, dac biét tai cac do thi nhu thanh pho Pa Nang.



LOINOI PAU

Hién nay, bién ddi khi hau dang tré thanh mét trong nhitng thach thirc nghiém
trong nhat dbi v6i con ngudi. Trong bdi canh toan cau dang hudng téi phét trién bén
vitng va giam phat thai khi nha kinh. Nganh giao thong van tai 1 mét trong nhitng ngudn
phat thai 16n, lam gia ting nhanh chong ngudn 6 nhiém khéng khi. Thé gii dang chung
tay thyc hién cac bién phap cat giam

Trudce xu thé d6, Viét Nam no6i chung va thanh phé Da Nang noi riéng dang tung
bude tiép can véi viée chuyén dbi phuong tién giao thong truyen théng sang str dung
nang luong sach. Bac biét, viée chuyén d6i xe buyt dong co ddt trong sang xe buyt dién
12 mot giai phap hiéu qua va tiét kiém nham giam luong khi thai, bao vé mdi truong va
phtt hop véi dinh huéng phat trién ha tang giao thong xanh, bén viing.

Nhan thiy duoc tdm quan trong clia van dé ndy, nhom ching em di Iya chon va
thuc hién dé tai: “Thiét ké nang cap hé thong xe Danabus diesel thanh xe dién”. Pay 13
dé tai thiét thuc b0 ich, gitp nhém em hoan thién trong vige két hop kién thirc da hoc va
thue hanh tai xuong. Day 1a mot dé tai mang tinh thuc tién cao, giiip nhoém cung cd va
van dung tong hop cac kién thirc da dugc hoc vao giai quyét mot van dé cu thé, sat voi
nhu cau thyc té cta dia phuong.

Chung em xin giri 161 cam on sau sic dén Quy thay co trong khoa Co khi Giao
thong, truong Dai Hoc Bach Khoa Da Néng da hd tro giup d truyén dat nhimng bai hoc,
nhirng kién thtrc quy bau trong subt thoi gian qua.

Dic biét, chung em xin chn thanh cam on thay TS. L& Minh Tién da tan tinh
gitip dd, dua ra nhiing dinh huéng nghién ctru cling nhu hudng giai quyét mot s van dé
dé ching em c6 thé hoan thanh tot dé tai. Trong thoi gian 1am viéc véi thay, chung em
da duoc hoc hoi thém nhiéu kién, k¥ nang luén thé hién mot thai do nghién ctru nghiém
tic, hiéu qua va day ciing 1 diéu rat can thiét cho chiing em trong qua trinh hoc tap va
lam viéc sau nay.

Mic du d3 cb ging, xong do diéu kién thoi gian va kién thirc cia nhém em con
han ché, cho nén dé tai khong thé tranh khoi nhirng thi€u so6t. Vi vay, chung em rat mong
nhan dugc sy dong gép y kién cua quy thay co.

Ching em xin chan thanh cdm on!

Ngay 30, thang 05, nam 2025

Sinh vién thuc hién
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

MO DPAU

1. Muc dich thwe hién dé tai

- Nghién ctru va dé xuét giai phap chuyén doi xe buyt Danabus sir dung nhién liéu
diesel tai Pa Ning sang xe buyt dién mot cach hiéu qua, gop phan giam phat thai khi
nha kinh, nang cao chat lvgng méi trudng, hudng téi hoan thanh muc tiéu NET ZERO
cua Viét Nam vao nam 2050.

- Nang cao hiéu qua st dung ning lugng xanh va tiét kiém chi phi.
2. Muc tiéu dé tai

- Chuyén doi xe buyt Danabus diesel thanh xe buyt dién.

- Tinh to4n chon dong co dién va thiét ké hop giam tc phu hop vdi xe.

- Thiét ké, tinh toan hé théng pin va hé théng tram sac cho xe.

- Tinh to4n kiém nghiém hé thong phanh, treo va thiét ké hé thong giam sat.
3. Pham vi va d6i twong nghién ciru

- Pham vi nghién ctru: Phat trién giai phap cong nghé ning luong xanh nham dap
ung yéu cau muyc ti€u phat thai rong khi nha kinh vé “0” vao nam 2050.

- P6i tugng nghién ciru: Xe buyt Danabus - Gazelle City A68R52/B26.
4. Phwong phap nghién ciru
- Nghién ctru 1y thuyét dé dua vao thuc té.
- Thu thép tai liéu dua trén cac cong trinh béo cdo khoa hoc di cong b, tap chi uy tin.

- Nghién ctru co s& 1y thuyét vé dic diém cua pin Lithium Ion va tinh todn tram
sac.

- Tinh toan chon dong co dién va thiét ké hop giam tbe.
- Tinh to4n kiém nghiém hé théng phanh va treo.
- Thiét ké hé thong tram sac va hé thong giam sat.
5. Ciu tric cia dd an
- Tong quan vé dé tai va cac phuong an chuyén doi.
- Tinh toan thiét ké.
- Tinh toan kiém nghiém hé théng phanh va treo.

- Tinh toan thiét ké tram sac va gidm sat van hanh.

GVHD: TS. Lé Minh Tién 1
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

CHUONG 1: TONG QUAN

1.1 Tinh hinh bién @6i khi hiu toan ciu
1.1.1 Thuec trang bién déi khi hdu toan cdu hién nay
Bién d6i khi hau: Bién d6i khi hau 1a su thay ddi cua khi hau trong mot khoang
thoi gian dai do tac dong cua cac diéu kién ty nhién va hoat déng ciia con ngudi, biéu
hién boi sy ndng 1én toan cau, myc nudc bién dang va gia ting cac hién tugng khi tuong
thuy van cuc doan.
Hién nay, bién doi khi hau dang dién bién ngay cang phuc tap. Dién hinh 13 mot
s0 thuc trang nghiém trong nhu sau:
% Sy gia ting nhiét do trai dat: 10 nim gan day nhat 1a nhitng nim néng nhat timg
dugc ghi nhan.

B Lowess smoothing
Annual mean /
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Hinh 1.1: Chi s nhiét d6 dat — dai duong toan cau tir 1880 — 2024 [1]

Biéu dd nay cho théy su thay ddi nhiét d6 bé mat toan cau so vd&i nhiét do trung
binh dai han tir nim 1951 dén nam 1980. Nhiét do bé mit trung binh cua Trai dat vao
nim 2024 13 nhiét d6 4m nhat ting dugc ghi nhan, hon khoang 2,65 do F (1,47 do C)
vao nim 2024 so v6i nhiét d6 trung binh tién cong nghiép vao cubi thé ky 19 (1850-
1900). [2]
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Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién

Hinh 1.2: Sy thay ddi nhiét do bé mat trai dat giita nim 1884 va 2022 [1]

Mau xanh dam cho théy cac khu vuc mat hon muc trung binh. Mau dé dam cho
thay cac khu vuc am hon murc trung binh, qua d6 c6 thé thay nhiét dd bé mat trai dat da
tang cao nhu thé nao so véi qua khu.

< Muc nuéce bién ting cao, bing tan: Muc nudc bién toan cau dang dang cao
do hién tugng néng 1€n toan cau do con nguoi gay ra, voi toc do gan day chua
tung co6 trong hon 2.500 nam qua.|[2]

Hinh 1.3: Sy thay ddi d6 cao cia muc nudc bién toan cau tir 1993 dén nay [3]

Muyc nudc bién dang chu yéu 1a do hai yéu t6 lién quan dén sy nong 1én toan cau:
lugng nude bo sung tir cac tang bang va song bang tan chdy, va sy gian nd cua nudc
bién khi n6 am 1én.[2]

Tay Nam Cuc hién dang 14 ving dong gop 16n nhit trong viéc 1am cho muc nudc
bién dang toan cau. BDong thoi, cac 16p bang trén Greenland va Antarctica dang tan chay
nhanh chéng. [2]
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

Hinh 1.4: Sy suy giam khdi lugng bang & Nam cuc (a) va Greenland (b) [4]

Khoi luong bang tan chay 6 Nam Cuc khoang 150 ty tan mdi nam, Greenland dang
mét khoang 270 ty tAn mdi ndm, gbp phan lam myc nude bién dang cao.

*.

% Sw gia ting cac hién twong thoi tiét cwe doan: bao gdm su gia ting cua cac
con bao, han han va 1l lut hay sy bién do6i dot ngot ctia khi hau.

Bién d6i khi hau da dan dén su gia tang vé tan suat va/hodc cuong do cua mot sb
loai thoi tiét cuc doan. Cac con bao nhu cuong phong hodc xoay thuan nhiét doi co thé
mang luong mua 16n hon, gy ra 1l lut 16n hay sat 16 dat do dat bao hoa.

Céc hién tuong thoi tiét thuong xuyén va dir déi hon, chang han nhu nang néng
nghiém trong va luong mua 16n s& gy ra nhiéu tdc dong hon dén nhoém dan cu dé bi ton
thuong:

o Cac dot nang néng khic nghiét vao nam 2003 va 2010 la nguyén nhén gay ra
80% s0 ca tr vong lién quan dén thoi tiét & chau Au tr nam 1970 — 2019.

e Nhiét d6 khac nghiét trén 40°C va tham chi 50°C dang ngay cang xay ra thuong
xuyén trén toan the gioi.

1.1.2 Nguyén nhan gdy ra bién déi khi hdu

Blen d6i khi hau da gay ra nhimg hau qua v6 cung nang né nhu thién tai, dich bénh,
thoi tiét cuc doan... tac dong xau dén ca con ngudi va mdi truong. Khong nhiing thé,
bién d6i khi hau con de doa dén nén tang hé sinh thai, gy nguy co tiét chung cho nhleu
loai sinh vat. Ma nguyén nhan chinh gay ra bién ddi khi hau va sy nong 1én toan cau 1a
vi su gia ting néng d6 vuot muc cho phép cua khi nha kinh.
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Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién

CAC LOAI KHi NHA KiNH

CFC: 3%

CH.: 19% CO:: 72%

Hinh 1.5: Phan tram khi nha kinh trén toan cau [5]

Carbon dioxide (CO2) 1a mdt loai khi gitr nhiét quan trong, phat sinh tir viéc khai
thac va d6t nhién liéu hoa thach (nhu than, dau va khi ty nhién), tir chay rirng va cac qua
trinh ty nhién nhu phun trao nti Iva. ..

Carbon dioxide trong khi quyén 1am nong hanh tinh, 13 nguyén nhan chinh gay ra
hién tuong bién ddi khi hau trén toan cau. Hoat dong cuia con ngudi di lam ting ham
lugng carbon dioxide trong khi quyén 1én 50% trong vong chua day 200 nam.

YEAR

Hinh 1.6: Mtrc CO2 trong khi quyén tir 1958 dén nay [6]
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Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién
Ké tir khi thoi dai cong nghiép bat dau vao thé ky 18, cac hoat dong ctia con ngudi
da lam tang luong CO2 trong khi quyén, lugng CO2 hién nay da tang 150% so véi gia
tri cua n6 vao nam 1750.

Hinh 1.7: Su thay d6i ndng do CO2 trong khong khi giira nim 2002 v&i 2022 [6]

Qua hinh co6 thé thiy duoc mau sic thay doi tir nhat sang dam khi lugng CO>
tang ttr 365 phan tri¢u (ppm) vao ndm 2002 1én hon 420 ppm ¢ thoi diém hién tai.

Khoang mot nura luong carbon du thira do cac hoat dong cua con ngudi nhu sinh
hoat, san xuat khai thac, phat trién cdc nganh cong nghiép... thai ra hang nim van nam
trong khi quyen Khi hép thu bic xa Mat Troi xuyén qua tang khi quyén chiéu xudng
mit dat. Miat dat nong 18n va birc xa song dai vao khi quyén dé CO2 hap thu khién nhiét
d6 khong khi ting. Pay 12 nguyén nhan dan dén sy néng 1én cia trai dat va bién d6i khi
hau hi¢n nay.

1.1.3 Anh hwong ciia nganh giao théng vin tdi dén viéc bién doi khi hiu

Giao thong van tai nam trong top nhitng nganh coéng nghiép tao ra lugng khi nha
kinh (CO») 16n nhét, chiém 37% luong khi thai toan cau do st dung nhién liéu hoa thach
dé 1am nhién liéu va tao ra dién. Luong khi thai tir nganh van tai da tang voi tde do trung
binh hang nim gan 1,7% tir nim 1990 dén nam 2021, nhanh hon bat ky nganh nao khéc.
Nganh nay chiu trach nhiém cho khoang mot phan niam luong khi thai GHG (khi nha
kinh) va khoang mot nira lwong oxit nito trong khi quyén.
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Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién
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Hinh 1.8: Phat thai khi nha kinh theo nganh trén thé giéi [7]
Theo dir liéu naim 2022 ctia Co quan Niang luong Qudc té (IEA), ti 1¢ gy 6 nhiém
khong khi cua céc loai phuong tién: [8]
e Giao thong duong bo la ngudn phat thai quan trong nhit cta cic phan nganh
van tai, chiém 74% lugng phat thai CO2 toan cau cia nganh van tai.
e  Van tai bién 1 phan nganh c6 ham luong carbon cao thir hai, chiém 11% luong
phat thai CO2 toan cau cua nganh van tai , tiép theo la hang khong (10%).
e Van tai duong sat va duong ong 1a cic phan nganh c6 ham luong carbon thap
nhat, chiém lan lugt 1% va 4% tong lugng phat thai CO2 ctia nganh vao nam
2022.

3t CO,

G

Year

® Rood Rail p Shipping Aviation Pipoline trangport

Hinh 1. 9: Phan b6 khi thai CO2 theo loai phwong tién trén toan cau nim 2022 [8]
1.2 Muc tiéu NET ZERO

Net Zero: hay "Phat thai rong bang 0", 1a mot muyc tiéu moi truong nham giam
lugng phat thai khi nha kinh (nhu CO2, CH4, N20) do con ngudi giy ra xuong mirc can
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

bang véi kha ning hap thy hoic loai bo khi thai cua Trai DPat, dén mtc ma tong lugng
khi thai rong dugc gidm xuong bang khong.

Muc tiéu dat duoc phat thai rong bang 0 nham giam thiéu tac dong cta bién doi
khi hau theo Thoa thuan Paris, véi hy vong gilt mirc tang nhiét dg toan cau dudi 2°C va
no luc han ché sy tang nhi¢t dudi mue 1.5°C so véi mure trude thoi ky cong nghiép.

Vén dé nay khong chi doi hoi viéc giam thiéu phat thai tir cac ngudn nhu giao
thong, san xuat cong nghiép va san xuat dién ning, ma con bao gbm viéc tang cuong
kha ning hip thu carbon thong qua cac bién phap nhu trong rimg méi, bao ton rung,
cong ngh¢ thu gir va luu trir carbon. Ca chinh phu, doanh nghiép va ca nhan déu can
cam két giam phat thai va hd tro cac giai phap cho kha nang hép thu carbon, tao ra mot
nén kinh té toan cu it carbon hon va bén vitng hon.

1.2.1 Muc tiéu NET ZERO ciia cdc nwdc trén thé gici

Dé dbi pho vai bién doi khi hau, cong dong quoc té da cam két hudng toi viéc giam
phat thai khi nha kinh. Muc tiéu Net Zero da tr¢ thanh trong tam trong chién luoc cua
nhiéu qudc gia.

Tai COP29 (nam 2024), My, Anh, va Lién minh chau Au d3 cam két dat Net Zero
vao nam 2050. Trung Quoc dat muc tiéu vao nam 2060, trong khi An D6 s& hoan thanh
vao nim 2070. Diéu nay thé hién nd luc toan cau trong viéc sir dung nang luong tai tao
va giam phu thudc vao nhién li¢u hoa thach. Hon 70 quéc gia, bao gom ca nhimg nudce
gdy 6 nhidém nhat thé gi¢i nhu Trung Qudc, My va Lién minh chau Au (EU) di dit ra
muc tiéu Net Zero, chiém khoang 76% luong khi thai toan cau.

Bén canh do, hon 1.200 cong ty da dua ra cac muc ti€u dya trén khoa hoc phu hop
v6i 16 trinh Net Zero. Hon 1.000 thanh phd, hon 1.000 t6 chic gido duc va hon 400 t6
chtrc tai chinh da tham gia chién dich “Race to Zero” (cudc dua dén Net Zero), cam két
hanh dong mét cach nghiém thc, khin treong nhim giam mot nira luong khi thai toan
cau vao nam 2030.

1.2.2 Cam két NET ZERO ciia Vié¢t Nam

Viét Nam cam két’ dat Net Zero, dua muc phat thé}i r(‘)‘ng vé 0 vao nim 2050 tai Hoi
nghi thugng dinh vé bién do6i khi hau cua Lién hop quoc lan thar 26 (COP26).

- Céc cam két va ké hoach hanh dong: [9]
e 11/2021: Viét Nam cam két giam phét thai rong bang 0.
e 12/2021: Thanh lap Ban chi dao qudc gia trién khai cam két tai COP26.
e 7-2022 : Thu tudng phé duyét Dé an trién khai COP26.

e 12-2022: Viét Nam ky thoa thuan JETP, cac d6i tic G7 cam két huy dong 15,5
ti USD.

e 8-2023: Thu tuéng phé duyét dé an trién khai JETP.

- Muc tiéu:
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Hinh 1.10: Mtrc chi tiéu giam luong phat thai [9]

Trong ké hoach phat trién nganh di¢n dén nam 2030, muc tiéu vé kiém soat luong
khi nha kinh phat thai duoc dé ra 1a khodng tir 204 dén 254 trigu tan, du kién con tir 27
dén 31 triéu tin vao nim 2050. Chung ta huong o1 viéc giam muc phat thai dat dinh
khong vugt qua 170 triéu tan vao nam 2030, voi diéu kién rang cic cam két theo JETP
ctia cac doi tac quoc té duogc thuc hién day du va hiéu qua.

Thong qua Chién luge qubc gia V;é bién doi khi héu va Chién luoc qudc gia vé
tang trudng xanh giai doan 2021-2030, tam nhin dén nam 2050, Chinh phu Viét Nam
de}t muc tiéu dén ndm 2030 s€ gidm 43,5% lugng phat thai va sé dat mirc phat thai rong
bang 0 vao nam 2050.

- Cac bién phap hudng td1 Net Zero:

+ St dung nang lu:qng tai tao: phat trién ning luong mit troi, ning luong gid, ning
luong khong phat thai..

+ Tang cuong hiéu qua nang luong: cai tién cong nghé trong diy chuyén san xut,
tiét kiém nang luong, t6i uvu hoa viée sir dung ning luong. ..

+ Bao vé va trong rimg: ting do phu xanh cta rimg, ngin chin viéc chit pha, huy
hoai rung...
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Hoan thién phap ly, cd ché Phét trién ngudn ndng
thu hiit tai chinh xanh Iugng téi tao
Thanh I18p Trung tam Thic ddy giam phat
Ning lugng tai tao thai giao thong,
quéc gia khi nha kinh
Phat trién ndng nghiép Béo vé, phuc héi
sinh thai, carbon thip tai nguyén
Dau tu ha ting, dé thi Thiic ddy ngoai giao khi hau,
thich (ing bién déi khi hdu thu hit ngudn Iyc quéc té

Hinh 1.11: C4c bién phap dé dat Net Zero cua Viét Nam [9]

- Nganh giao thong vén tai chiém phan 16n luong phat thai khi nha kinh & Viét
Nam. Vi vy can phai diy manh cac hoat dong 1am giam murc phat thai ctia nganh nay
dé dat duoc muc tidu Net Zero. Cac bién phap dé giam phat thai:

+ Chuyén do6i van tai hanh khach tir phwong tién ca nhan sang phuong tién giao
thong cong cong va than thién moi truong.

+ Gi6i han mic tiéu thu nhién liéu ddi véi xe co gidi san xuét, lap rdp va nhap
khau méi.

+ Chuyén d6i phuong thirc van tai tir dudng bo sang cac phuong thirc van tai than
thién moi truong nhu duong sat, duong thiy ndi dia va duong ven bién.

+ Phat trién phuong tién st dung nhién liéu than thién maéi trudng nhu: Str dung
xe buyt CNG...

+ Khuyén khich str dung nhién liéu sinh hoc, mé rong phéi tron.
+ Str dung xe may di¢n, 6 t6 dién va xe buyt dién.
1.3 Hién trang va dinh huwéng phat trién giao thong bén virng tai Pa Ning
1.3.1 Hién trang phat thi tai thanh phé Pa Ning

Hoat dong giao thong van tai 13 mot trong nhitng ngudn gy tac dong 16n ddi véi
moi trudng khong khi do thi thanh phd. Theo S& GTVT, d6 thi hoa nhanh két hop véi
nhu ciu di lai ting cao tir d6 gia ting s6 lugng phuong tién di chuyén trén dia ban lam
tiéu thy nhién liéu (xang, dau) va tao ra lugng khi thai 16n 1a nguyén nhan chinh tao sirc
ép ciling nhu gay 6 nhiém khong khi.

Bang 1.1: Luong phat thai CO2 tai Pa Nang nim 2013 va du doan nam 2030 [10]

2013 2030
Y Luwogng phat thai o Luwgng phat thai o
Nguon (nghin tan) 7o (nghin tan) %
Nong nghiép 2 0,1 12 0.1
Cong nghiép 880 33 5779 42.6
GVHD: TS. L& Minh Tién 10
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2013 2030
A Lwong phat thai o Lwong phat thai o

Nguon (nghin tan) %o (nghin tan) 7o
Thuong mai 151 5,7 1169 8.6
Sinh hoat 459 17,2 1235 9,1
Van tai hanh
Khéch 546 20,5 1838 13,5
Van tai hang hoa 626 23,5 3131 26
Tong 2,665 100 13563 100

Niam 2013, van tai chiém 44% tong phat thai — 13 ngudn 16n nhét, vugt ca cong
nghiép. Dén 2030, phat thai van tai van chiém khoang 36-39% tong phat thai, du c6
giam ty trong twong dbi do cc nganh khac ting manh. Vi vay wu tién giam phat thai
van tai 1a then chdt dé dat muc tiéu NETZERO va phat trién bén viing & ba Nﬁng.

100%

e B = Xebujt
80%

70% Ot
60%

0% B Xemiy

40%

30%

20% I'l—l
10% i et
0%

2013 2030

= Xedap

Hinh 1.12: Ti trong phuong thirc van tai tai Da Néang [10]

Trong co ciu phuong tién giao thong tai Pa Nang, xe may dang chiém ty trong ap
ddo, gay ra nhi¢u h¢ lyy nghiém trong nhu un tac giao thong, 6 nhiem khong khi va gia
tang phat thai khi nha kinh ttr khu vuc van tai.

=> Tir nhitng phan tich trén, c6 thé khang dinh: phat trién giao thong cong cong la
huéng di tat yéu dé giam tai hé thong giao thong, giam phat thai khi nha kinh va nang
cao chat luong song do thi. Trong do, viéc vu tién phat trién hé thong xe buyt hién dai,
sach va tién loi can duoc dat 1am trong tim trong chién luoc giao thong bén viing cua
thanh phd.

1.3.2 Tinh hinh giao théng céng céng va dinh hwéng phdt trién bén viing

Cac phuong tién giao thong trong thanh phé 13 ngudn gy 6 nhidm 16n cho khong
khi va 12 nguyén nhan cta cac van dé nhu tic dudong, anh huong dén strc khoé con ngudi.

Dé giam strc ép 1én moi trudng khong khi, thanh phd da thuc hién khuyén khich
phat trién hinh thirc van tai hanh khach cong cong bang xe buyt. Toan thanh ph6 hién
c6 20 tuyén, trong do c6 90 xe Danabus 26 cho dang hoat ddng trong cac tuyen trg gia.
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Hinh 1.13: Xe buyt cong cong Danabus [11]
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Hinh 1.14: Cac tuyén xe buyt cong cong ¢ Da Ning [11]
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Hién nay, thanh phé Pa Ning dang khong ngung phat trién van tai hanh khach
cong cong ca vé chit va luong; tang hiéu qua dau tu phat trién xe buyt cong cong phu
hop v6i chién luge phét trién giao thong xanh va bén vimg cta thanh phd.

St dung xe buyt mang lai nhiéu lgi ich cho ca nhan, cong ddng va méi truong. Doi
v6i c4 nhén, xe buyt giup tiét kiém chi phi xing xe, bao dudng phuong tién va chi phi
dd xe. Hanh khach con c6 thé tin dung thoi gian trén xe buyt dé thu gidn, doc sach hoic
nghe nhac, thay vi phai cing thang l4i xe trong tinh trang ket xe.

Vé mit xa hoi, xe buyt gitp giam dang ké sé lugng xe ca nhan trén dudng, gop
phan giam un tic giao thong, dic biét 1a trong gid cao diém. Quan trong hon, viéc su
dung xe buyt giip giam luong khi thai CO2, bao vé moéi truong, gop phan vao muc tiéu
xay dyng mot thanh phd xanh, sach, dep. Pa Nang di va dang hudng téi phat trién mot
hé thdng giao théng than thién v6i moi trudng, trong d6 xe buyt dong vai trd quan trong.

1.4 Xu hwéng chuyén ddi xe buyt dién trén thé giéi va & Viét Nam
1.4.1 Xu huong s dung xe buyt dién lam phwong tién cong cong

Phén tich va danh gia hoat dong cua cac nha san xuat xe 0 to chd hang va xe buyt
hién dai cho thay cac quy trinh cai tién tap trung vao viéc han ché muec tiéu thu dién
ning va giam muc phat thai chit 6 nhiém trong khi thai, ciing nhu ting hiéu qua cua cac
bién phap an toan chu dong va thu dong. Hau qua tiéu cuc cua sy gia tang 0 to, thé hién
& 6 nhiém mdi truong do cac san pham co hai trong khi thai, dugc thira nhén 1a mot
trong nhirg yéu td quan trong chinh cua su phat trién xa hoi trong tuong lai.

Qua trinh d6 thi hoa va su gia ting s6 luong cac thanh phd 16n da dua ra y tuong
str dung rong rai hon phuong tién giao théng cong cong tudn thu cac yéu cau vé moi
truong. Phuong tién giao thong cong cong tré nén than thién hon véi moi truong, xe
buyt dién duoc sir dung ngdy cang nhiéu.

Viéc ap dung xe buyt dién trong doi xe cong cong do thi dang phat trién trén toan
thé gidi. Theo Trién vong xe di€n nam 2024 , “Xe buyt thanh phd tiép tuc dién khi hoa
voi toc do nhanh chong va vuot qua 60% doanh s6 ban hang vao nam 2030, dat 83%
vao nam 2040 va s€ chiém 86% doi xe toan cau. [11]

Nhirng lgi ich cta xe buyt dién:

e Gigm 6 nhiém khong khi: Khong phat thai khi 6 nhiém nhu CO2, NOx hay byi
min, giup cai thién chat luong khong khi va gidm 6 nhiém.

e Tiét kiém chi phi: chi phi bao tri va van hanh thuong thip hon so v&i xe buyt
chay bang nhién li¢u hoa thach.

e Cai thién hiéu sut: bong co di¢n cung cép md-men xoin tic thi, gitp xe buyt
tang toc nhanh va muot ma hon. Hi¢u suat chuyén doéi cua dong co di¢n cao.

e Giam tiéng on: hoat dong ém i, giam 6 nhiém tiéng On trong do thi

e Than thién voi moi truong: sir dung ning lugng tai tao giup giam tic dong dén
moi truong. Gidm phu thude vao nhién li€u hoa thach
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Nhu vay, su phat trién ctia xe buyt dién la khong thé ban cai va trong thoi gian tdi,
co thé day s¢ la phuong an t61 wu cho muc ti€u gidm thi€u phat thai khi nha kinh, bao vé
moi truong.

1.4.2 Xu hwéng chuyén déi xe buyt dién trén thé gici va ¢ Viét Nam
< Trén thé gi6i

Hién nay trén thé gidi, xu hudng chuyén doi nhirng phuong tién cong cong gia cii
st dung nhién liéu hoa thach thanh xe st dung dién dang tro thanh mot phan quan trong
trong « chién luoc phat trién bén ving cua nhiéu thanh phé. Didu nay khong chi gitup giam
6 nhiém khong khi ma con giam tiéng 6n va tiét kiém chi phi van hanh.

Viéc chuyén doi xe buyt chay bang dau diesel sang xe dién chay bang pin 13 mot
giai phap thay thé tot cho viéc mua lai mé1 mot chi€c xe buyt dién, n6 ré hon, bén viing
hon, nhanh hon va c6 lgi cho moi truong.

Pé dat duoc cac muc tiéu ciia EU — chi riéng tai chau Au, it nhat 38.000 xe buyt
s€ phai chay bang dién vao nam 2030 va phai dat dugc muyc tiéu giam 55% lugng CO2.
Nhung trén thyc té, nang lyc san xuat dy kién cua cac nha san xuat xe buyt dién hién tai
1a toi da 9.100 xe buyt di¢n vao nam 2030, chua thé dat dugc muc tiéu st dung xe buyt
dién dé giam thiéu lugng CO> thai ra moi trudng [12]. Vi vdy, viée chuyén doi cac xe
buyt cii chay bang dong co dt trong thanh xe buyt chay bang dién s& 1 giai phap bd
sung dé nhanh chong gia tang s6 lugng xe buyt xanh cho nganh van tai.

< O Viét Nam

O Viét Nam, chii trong phat trién phuong tién giao thong cong cong sir dung ning
luong xanh 1a rat can thiét dé giam phat thai va hudng toi muyc tiéu Net Zero vao nim
2050. Muyc tiéu dé ra 13 nim 2025 bt dau str dung xe buyt dién va udc dat ty 18 sir dung
30% vao 2030[12].

Giai phap chuyén ddi xe buyt str dung dong co dbt trong thanh xe buyt dién cang
1a giai phap toi wu gitip nhanh chong chuyén d6i xe buyt cong cong thanh phuong tién
xanh. Hién nay, nudc ta co 8.746 xe buyt, 89% trong sd d6 1a xe buyt diesel. Khi nging
hoan toan phuong tién giao thong st dung nang luong hoa thach, lugng xe buyt nay sé€
bi lang phi. Vi vdy, chuyén d6i xe buyt diesel thanh xe dién s& giup giam 6 nhiém va tin
dung t6i da nguodn tai nguyén san co.
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CHUONG 2: CAC PHUONG AN CHUYEN POI XE BUYT PIEN

2.1 Cac phuong 4n chuyén ddi
2.1.1 Khdi qudt vé lich st phdt trién xe di¢n
- Xe (;Iién khong phai 1a mot ¥ tudng ‘mé’i mé ma thuc su da c,(') m@t lich st dai dér}g
ké. Tu thé ky 19, cac phuong tié€n chay bang dién da canh tranh déi dau vdi nhiing chiée
xe chay bang hoi nudec.

Vao khoang nhirng nam1832 va 1839, Robert Anderson, mot nguoi Scotland, da
sang ché ra loai xe dién chuyén chd ddu tién. Nam 1842, hai nha phat minh My 1a
Thomas Davenport va ngudi Scotland Robert Davidson trd thanh nhitng ngudi dau tién
ap dung pin cho xe dién. Pén nim 1865, Camille Faure da thanh cong trong viéc cai
thién kha ning luu trit dién trong pin, gitp xe dién di chuyén dugc xa hon. Phap va Anh
13 hai qudc gia tién phong dua xe dién vao hé théng giao thong vao cudi thé ky 18. Pén
nam 1935, xe dién da gan nhu bién mat do khong canh tranh dugc vé chi phi nguyén
lidu va gia thanh ché tao so véi 6 to st dung dong co dot trong.

Bit dau tir thap nién 60, 70 cua thé ky 20, thé gi6i phai d6i mat véi hai van dé 16n
mang tinh toan cau. Cac ngudn nang luong hoa thach nhu dau mo, than da bat dau can
kiét. Moi truong ngay cang 6 nhiém nghiém trong, trong do ngudn phat thai lon la tur
cac phuong tién giao thong, déc biét la 6 to chay bang xang. Trong bdi canh do, ta thay
rang 6 to dién 1a giai phap toi wu cho ca hai van dé 16n, d6 1a 1y do khién no tro thanh
mdi quan tdm didc biét tir nira sau thé ki 20 tro lai ddy va cang ngay cang tré thanh mdi
quan tdm 16n ctia nganh cong nghiép 6 t6 va cac nha khoa hoc trén toan thé gidi.

2.1.2 Phén logi

Céc cap d6 xe xanh s& dugc phan loai theo mirc d6 phat thai khi CO» (khi gay
hi¢u tng nha kinh) ra moéi truong cing nhu vai tro cua dong co dién. Theo cach phan
chia nay, trén thi trudong hién c6 4 loai chinh lan luot nhu sau:

e Hybrid (HEV - xang lai dién)

e Plug-in Hybrid (PHEV - xe hybrid c6 cam sac)
e BEV (xe thuan dién chay pin)

e FCEV (xe di¢n su dung pin nhién li¢u hydro).
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Hinh 2.1: Phan loai xe dién [12]
a. Xe thuin dién BEV (Battery Electric Vehicle)

Xe chay hoan toan bang dién, con dugc goi la xe dién chay bang pin (BEV), co
dong co dién thay vi dong co ddt trong. Xe st dung b pin c6 stre keo 1on dé cung cap
nang luong cho dong co dién va phai dugc cdm vao 6 cam trén tuong hodc thiét bi sac.
Mot s6 dong xe BEV trén thi truong 1a Vinfast VFS, Tesle Model 3 .

Xe dién BEV, so voi cac loai xe dong co dbt trong truyen thong, thi n6 kha don
gian va d& van hanh. Ciu trac hé thong truyen lyc don gian nhit bao gdm mot pin dién
ap cao, mot dong co dién véi bo didu khién dién tir cong suat va mot hop sb téc d6 don
(hoic 2 cip). BEV con duogc goi 1a xe dién thuan tay, dé phan biét véi Xe dién Hybrid
(HEV), ¢6 hé théng truyén luc hybrid (d6ng co d6t trong cong v6i dong co dién).

Dng co difn x
B didu kheén didn tir \ . ” /D

s Cau tao:

\
\

B{ doi dién
Hé thong tan nhigt ~
[
| o
Pin

Cong sae

Hop 50
Bd sac wéa xe

Ac quy phu
Hinh 2.2: C4u tao xe dién BEV [13]

e Ac quy (phu tro hoan toan bang dién): Trong xe dan dong dién, dc quy phu cung
cap di¢n cho céac phu kién cua xe.
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e (Cong sac: Cong sac cho phép xe két no1 véi ngudn dién bén ngoai dé sac b pin
kéo.

e B0 chuyén ddi DC/DC: Thiét bj nay chuyén d6i ngudn DC c6 dién ap cao hon
tr bo dc quy xe kéo sang nguoén DC c6 dién ap thap hon can thiét dé chay cac
phu kién ctia xe va sac lai ac quy phu.

e Dong co dién kéo: Sir dung niang lugng tir bd pin kéo, dong co nay dan dong
cac banh xe cua xe. Mgt sO phuong tién st dung dong co may phat dién thuc
hién ca churc nang truyén dong va tai tao.

e BO sac tich hop: Lay nguon dién xoay chiéu dugc cung cap qua cong sac va
chuyén ddi thanh ngudn DC dé sac pin kéo. N¢ ciing giao tiép voi thiét bi sac
va theo doi cac dac tinh cua pin nhu dién ap, dong di¢n, nhiét do va trang thai
sac trong khi sac bg sac.

e BO dicu khlen dién tr cong suat: Bo phén nay quan ly dong nang luong dién
dugc cung cap bai pin kéo, kiém soat toc do ciia dong co kéo dién va mo-men
X04n ma nod tao ra.

e Hé thong nhiét (1am mat): Hé thong nay duy tri pham vi nhiét 6 hoat dong thich
hop cua dong co, dong co dién, thiét bi dién tir cong suat va cac by phan khac.

e BO pin kéo: Luu trir dién dé st dung cho dong co kéo dién.

e Hop s6 (dién): Hop s6 truyén nang luong co hoc tir dong co kéo dién dé dan
dong cac banh xe.

b. Xe Hybrid (HEV — Hybrid Electric Vehicles)

Xe hybrid HEV 12 loai phwong tién vén tai sir dung ca nang lugng tir dong co dot
trong va dong co dién. Piém dic biét cia xe nay 1a kha nang luu trit ning luong trong
pin, khong can cim sac nhu cac xe dién thong thuong. Thay vao do, pin dugc sac thong
qua co ché phanh tai tao va tir nang lugng cta dong co dét trong.

Viéc st dung dong co dién dé hd tro cung cap cong suat cho xe co thé giip giam
kich thuéc cua dong co dot trong, tao ra sy hi¢u qua hon trong viéc tiét kiém nhién liéu.
Pin ciing c6 thé cung cdp ning lugng cho cac thiét bi phu tro trén xe va giam tai cho
dong co khi xe dang dung den do chang han. Nho tinh nang két hop nay, xe hybrid HEV
mang lai hiéu qua vuot trdi vé tiét kiém nhién liéu ma khong anh hudng dén hiéu suat
hoat dong cua xe.

s Cau tao
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Hinh 2.3:C4u tao xe dién BEV [13]

e Ac quy (phu): Trong xe dan dong dién, ac quy phu dién ap thap cung cap dién
dé khoi dong xe trude khi kich hoat ¢ quy kéo; nd ciing cung cap nang luong
cho céc phu kién xe.

e B chuyén d6i DC/DC: Thiét bj nay chuyén doi nguon DC ¢6 dién ap cao hon
tr bo dc quy xe kéo sang nguén DC c6 dién ap thap hon can thiét dé chay cac
phu kién ctia xe va sac lai ac quy phu.

e May phat dién: Tao ra dién tir cac banh xe quay trong khi phanh, truyén ning
lugng do trd lai bg pin kéo. Mot s6 phuong tién str dung dong co may phat di¢n
thuc hién ca churc nang truyén dong va tai tao.

e DPong co dién kéo: Sir dung niang lugng tir bd pin kéo, dong co nay dan dong
cac banh xe cua xe. Mgt s0 phuong tién sit dung dong co may phat dién thuc
hién ca churc nang truyén dong va tai tao.

e Hé thdng 6ng xa: Hé thong xa dan khi thai tir dong co ra ngoai qua dng xa. Chat
xuc tac ba chi€u dugc thiét ké dé giam lugng khi thai ra khoi dong co trong hé
thong Ong xa.

e B0 nap nhién liéu: Mt voi tir bd phan phéi nhién liéu gén vao thung chura trén
xe dé do day binh.

e Binh xing (xing): Binh nay chira xang trén xe cho dén khi dong co can dén.

e Dong co dbt trong (danh lira bang tia lira dién): Trong cdu hinh nay, nhién liéu
duoc phun vao dudng ong nap hodc budng dot, noi nhién li€u dugc két hop véi
khong khi va hon hop khong khi/nhién liéu dugce dot chay bang tia Itra tir bugi.

e B0 diéu khién dién tir cong suit: B6 phan nay quan 1y dong ning luong dién
dugc cung cap boi pin kéo, ki€m soat toc do cua dong co kéo dién va md-men
Xxo0an ma no tao ra.
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e Hé thong nhiét (lam mat): Hé thong nay duy tri pham vi nhiét d hoat dong thich
hop ctia dong co, dong co dién, thiét bi dién tir cong suit va cac b phan khac.

e B0 pin kéo: Luu trir dién dé su dung cho dong co kéo dién.
e Hop $6: Hop ) truyén nang lugng co hoc tir dong co hodc dong co kéo dién dé
dan dong cac banh xe.
c. Xe hybrid cim sac (PHEV — Plug-in Hybrid Electric Vehicles)
Plug-in Hybrid Electric Vehicle, viét tit 1a PHEV, dich nguyén nghia 1a Xe dién
lai c6 cam dién, tirc 1a xe dién Hybrid c6 thé cdm sac dién bén ngoai. Sau day chung ta
goi la Xe dién Plug-in Hybrid hodc Xe Plug-in Hybrid hay don gian 1a PHEV.

Xe két hop Plugin Hybrid PHEV st dung mot vién pin kha to dé cung cap nang
luong cho dong co dién, két hop voi mét loai nhién liéu khac nhu xang hodc dau diesel,
dé thuc day dong co hodc ngudn nang lugng khac. PHEV co6 thé sac pin thong qua céac
thiét bi sac nhu cim vao tram sac, dong co va h¢ théng phanh tai ché. Viéc str dung dién
tir ludi dién dé van hanh xe mot phan hodc toan bo thoi gian gitp giam chi phi va tiéu
thu nhién liéu so vdi cac phuong tién thong thuong. PHEV ciing c6 thé giam luong khi
thai phat ra, tiy thudc vao ngudn dién va cach van hanh xe khi hoat dong hoan toan bang
dién.

< Cau tao

He thing caz xa

) ) Ho nap nluén béu
PXag o A0t rong

B g kinkén dodn o

B chavén b DCIX

H¢ thong lam mat Binh xing

B pin kdo

Cong sx
Ny co dién
Miry phit dsn

Hop wo

B0 sac wén bo mach

*in
I e L T

Hinh 2.4: C4u tao xe dién BEV [13]

e Ac quy (phu): Trong xe dan dong dién, ac quy phu dién 4p thap cung cap dién
dé khoi dong xe trude khi kich hoat ¢ quy kéo; n6 ciing cung cap ning luong
cho cac phu kién xe.

e (Cong sac: Cong sac cho phép xe két ndi voi nguon dién bén ngoai dé€ sac bd pin
kéo.
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e B§ chuyén d6i DC/DC: Thiét bi nay chuyén doi nguon DC ¢6 dién ap cao hon
tor b ac quy xe kéo sang nguon DC cé di¢n ap thap hon can thiét dé chay cac
phu kién cua xe va sac lai ac quy phu.

e May phat dién: Tao ra dién tir cac banh xe quay trong khi phanh, truyén ning
lugng do trd lai bo pin kéo. Mot s6 phuong tién sir dung dong co may phat dién
thuc hién ca chirc nang truyén dong va tai tao.

e Pong co dién kéo: Sir dung ning luong tir bo pin kéo, dong co nay dan dong
cac banh xe cua xe. Mgt s6 phuong tién sit dung dong co may phat dién thuc
hién ca churc nang truyén dong va tai tao.

e Hé thong xa: Hé thong xa dan khi thai tir dong co ra ngoai qua 6ng xa. Chét xuc
tac ba chiéu duoc thiét ké dé giam luong khi thai ra khoi dong co trong h¢ thong
ong xa.

e May nap nhién liéu: Mot voi tir bo phan phdi nhién liéu gin vao thung chira trén
xe dé do day binh.

e Binh xing (xing): Binh ndy chira xing trén xe cho dén khi dong co can dén.

e Dong co d6t trong (danh lura bang tia ltra dién): Trong céu hinh nay, nhién liéu
dugc phun vao duong 6ng nap hoac budng ddt, noi nhién lidu duoc két hop véi
khong khi va hon hop khong khi/mhién lidu dugc dbt chay bang tia lira tir bugi.

e B0 sac tich hop: Lay nguon dién xoay chiéu dugc cung cap qua cong sac va
chuyén dbi thanh ngudén DC dé sac pin kéo. N¢ ciing giao tiép voi thiét bi sac
va theo doi cac déc tinh cua pin nhu dién ap, dong dién, nhiét do va trang thai
sac trong khi sac b0 sac.

e BO diéu khlen dién tir cong suat: Bo phén nay quan ly dong nang luong dién
dugc cung cap bai pin kéo, kiém soat toc do ctia dong co kéo dién va mo-men
X04n ma né tao ra.

e Hé thong nhiét (1am mat): Hé théng nay duy tri pham vi nhiét d6 hoat dong thich
hop cua dong co, dong co dién, thiét bi dién tir cong suat va cac by phan khac.

e B0 pin kéo: Luu trir dién dé sur dung cho dong co kéo dién.

e Hop sé: Hop sb truyén niang lugng co hoc tir ddng co va/hodc dong co kéo dién
dé dan dong cac banh xe.

d. Xe dién chay bang nhién liéu hydro (FCEV — Fuel Cell Electric Vehicles)

Xe dién chay bang pin nhién liéu (FCEV) 1a loai xe sir dung hé thong diy tuong
tu nhu xe dién thong thuong. Piém dic biét ctia FCEV chinh 1a viéc nang luong duogc
Iuru trir dudi dang hydro va sau d6 chuyén doi thanh dién ning thong qua pin nhién lidu.
Khac véi cac loai xe sir dung dong co ddt trong truyén théng, FCEV khong phat ra khi
thai gay hai cho moi trudong, gitp giam thiéu tac dong tiéu cuc dén khong khi va st
khée con nguoi.

s Cau tao
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Ngiin xép pin p
‘ . hien ligu =
Pong co dign " \ e
\ \ .,

BO nap
nhién ligu

B chuyén doi

Binh nhién

Hé thong lam mat 1iéu (hydro)

Hop s0

B6 dicu khién dién tir cong suit

Hinh 2.5: Cau tao xe FCEV [13]

e Ac quy (phu): Trong xe dan dong dién, dc quy phu dién 4p thap cung cap dién
dé khoi dong xe trudce khi kich hoat ic quy kéo; nd ciing cung cap ning luong
cho céc phu kién xe.

e B0 pin: Pin dién 4p cao nay luu trit nang luong dugc tao ra tur phanh tai tao va
cung cap nang lugong bo sung cho dong co kéo dién.

e B0 chuyén doi DC/DC: Thiét bi nay chuyén do6i nguén DC co dién ap cao hon
tr bo dc quy xe kéo sang nguén DC c6 dién ap thap hon can thiét dé chay cac
phu kién ctia xe va sac lai ac quy phu.

* Dong co dién kéo (FCEV): Str dung nang luong tir pin nhién liéu va bd pin ko,
dong co nay dan dong cac banh xe cua xe. Mot s6 phuong tién str dung dong co
may phat dién thyc hién ca chirc ndng truyen dong va tai tao.

e Ngan x€p t€ bao nhién li¢u: Tap hop cac dién cuc mang riéng 1€ st dung hydro
va oxy dé san xuat dién.

e May nap nhién liéu: Mot voi tir bo phan phdi nhién liéu gan vao thung chira trén
xe dé do day binh.

e Binh nhién li¢u (hydro): Luu trir khi hydro trén xe cho dén khi pin nhién liéu
can dén.

e BJ diéu khién di¢n tir cong suat (FCEV): B phan nay quan 1y dong nang lugng
dién dugc cung cap boi pin nhién li¢u va pin kéo, kiém soat toc do cua dong co
kéo dién va mo-men xoan ma no tao ra.

e Hé thong nhiét (lam mat) - (FCEV): Hé thong nay duy tri pham vi nhiét d hoat

dong thich hop cua pin nhién li€u, dong co dién, thiét bi dién tir cong suét va
cac bd phan khac.
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e Hop sb (dién): Hop ) truyén nang lugng co hoc tir dong co kéo dién dé dan
dong cac banh xe.

2.2 Lya chon phwong 4n chuyén doi
2.2.1 Gidi thigu tong quan vé xe Danabus Pa Ning
Bang 2.1: Thong s6 k¥ thuat xe buyt DanaBus — Gazelle City A68R52/B26 [14]

Kich thudc Gia Tri
Dai x Rong x Cao (mm) 6800 x 2200 x 2720
Chiéu dai co so (mm) 3950
V£é&t banh xe trudc / sau 1750/ 1560
Khoang sang gam xe (mm) 150
Ban kinh quay vong nhé nhat (m) 6.9
Kha ning leo doc (%) 30.5
Téc d6 t6i da (Km/h) 107
Dung tich thung nhién li€u (1) 80
Trong Lugng
Trong lugng khong tai (kg) 3400
Trong lugng toan tai (kg) 4990
S6 chd ngdi 26 (18 chd ngdi + 8 chd ding)
Pong co
Kiéu dong co Cummins [SF2.8s5F148, Euro V
Loai dong co Diesel, 4 ki, 4 xi lanh théng hang, turbo t‘éng

ap, lam mat khi nap, phun nhién li¢u di¢u
khién dién tir

Cong suat cyc dai (PS/rpm) 140/3400
M6 men xoén cuc dai (Nm/rpm) 320/1400-2700
Thé tich binh xang (1) 80
GVHD: TS. Lé Minh Tién 22
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Dung tich xi lanh (cc) 2776
Hp sb
Loai Co khi, 5 s0 tién, 1 s0 i
L(")p
Thong s6 10p (trude/sau) 195/75R16C
Hé thong 14i Banh rang-thanh rang, trg lyc thuy luc
Hé Thong treo
Trudc Doc 1ap, 10 xo xo4n, giam chin thuy luc
Sau Phu thudc, nhip l4+bau hoi, giam chan thuy
luc
He théng phanh Thuy lyc tirqa Illl_;cbcihilg lsih\f)énl%:,B plglanh dia c6

a. Tong quan

DanaBus — San phém xe Mini City bus cao cip theo tiéu chuan Chau Au, kiéu
dang hién dai, nang dong rat phit hop v6i xu thé phuc vu cho thanh phd hién dai, nang
dong. Strc manh va chét luong vuot trdi vugt qua moi thir thach. Cong nghé tién tién
mang dén sy an toan, thoai mai.

Hinh 2.6: Xe buyt DanaBus

b. Ngoai that

Xe buyt DanaBus mot thiét ké dot pha véi kiéu dang hoan toan mdi, hién dai, nang
dong. Xe buyt DanaBus s¢ hitu thong s6 kich thudc chiéu Dai x Rong x Cao lan lugt 1a
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6.800 x 2.200 x 2.720 (mm), chiéu dai co so dat 3.950 mm va khoang sang gam xe 13

150 mm.
-

2200 mm

mm
6300 mm

MAT TRUGC CABIN MAT HONG TRAI (BEN TA/)

-
L~

—

MAT SAU XE MAT HONG PHAI (BEN PHL)

Hinh 2.7: Téng quan xe buyt Dana Bus [7]
c. Noi that

Noi that xe buyt DanaBus dugc thiét ké rong rai, cabin thodi mai va rong rai. Cac
tinh nang dac biét cuia cabin bao gém céc chi tiét tinh té, tiéu chuin chau Au, vat liéu
noi thit cao cap. Véi hé thdng chudng - dén bao 1én xudng xe. Cac ghé da duoc thi
nghiém va da dugc chirng minh 1a thodi mai va thuén tién cho nguoi dung. Khong chi
vay, xe con dugc thiét ké mot khong gian rong va & gitra ngan danh cho nguoi dung xe
lan hodc ngudi co xe day dimng. Déng thoi, noi that trang bi hién dai va tién nghi vdi
diéu hoa tiéu chuan két hop cing céac ctra gié dugc trang bi dén ting vi tri ghé ngdi, c6
co cau dong mé phu hop, thun tién cho hanh khach st dung.
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Hinh 2.8: N¢i thit xe buyt Danabus

2.2.2 Gidi thiéu dgng co, khung gam, hé théng treo
a. Pong co

Pong co Cummins ISF 2.8s5F148, tiéu chuan Euro V, van hanh manh mg, tiét
kiém nhién li¢u. Loai nay nhe, nho gon va dong co hi¢u qua két hop vuot troi cong sut
va mo-men xoan véi thoi gian st dung 1au dai cude séng, hidu suat tuyét voi va thap sy
tiéu thu dau.

Puoc xay dung bang cach sir dung cac thanh phan duoc cung cip boi nha san xuat
hang dau toan cau do l1a dugc bict dén véi do tin cdy vuot troi. La su lua chon 1y tuong
cho xe du kién s€ hoat dong véi hi¢u suat cao khoi lugng cong vige.

Hinh 2.8: Bong co trén DanaBus [6]
b. Thian & Khung gim
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Xe buyt DanaBus dugc phat trién dya trén nén tang khung gdm d3 trai qua qua
trinh thr nghiém k¥ ludng trén duong va da dugc ching minh boi thoi gian hoat dong
cua dong xe thuong mai hang nhe xe buyt DanaBus. Duoc xay dung trén co so kinh
nghiém va cong nghé tién tién, xe buyt DanaBus khong chi dam bao chat luong vuot
troi ma con tao ra mot trai nghi¢ém di lai hi€u qua va tién loi cho ngudi sur dung.

»

Hinh 2.9: Khung gam trén DanaBus [6]

Xe buyt DanaBus dugc san Xuit véi cac bd phan dugc ma kém, c6 chtra chét xtc
tac bao vé chéng an mon. Diéu nay gitip dam bao rang xe khong bi anh huéng boi su dn
mon trong sudt thoi gian dai, cy thé 13 trong khoang thoi gian 1én dén 8 nam, bat ké
quing duong di di dugc hoan thanh. Piéu nay cho thiy chit luong va d6 bén cua xe tai
xe buyt DanaBus, gitip nguoi dung yén tdm khi str dung xe trong thoi gian dai ma khong
can lo lang vé van dé an mon anh hudng dén hiéu suat hoat dong cua xe.

Hinh 2.10: V6 & Than xe Dana Bus [6]
c. Hé théng treo

Hé thong treo doc 1ap 1a mot phan quan trong trong viée dam bao su ém 4i va 6n
dinh cua viéc van hanh xe. Bﬁng cach hoat dong doc 1ap voi tay 1ai, hé théng nay giup
ci thién tinh chinh xac va linh hoat cta viéc 1ai xe. Diéu ndy c6 nghia 1a khi ban 1ai xe
qua cac diéu kién duong khac nhau, hé thong doc 1ap s& giup xe duy tri d6 6n dinh va
tiép xtic tot voi mat duong, tir d6 mang lai trai nghiém lai xe an toan va dé dang hon.
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Hinh 2.12: Hé thong treo truéc DanaBus
d. H¢ thong phanh

Trén xe, hé thong phanh dia dugc tich hop dé cung cap mirc do an toan cao nhat
cho ca tai xé va hanh khach. Diéu nay giup duy tri sy 6n dinh cia xe va tao dleu kién dé
nguoi 1ai co thé kiém soat xe mot cach hidu qua, ngay cé trong tinh hudng can phanh
gap. Phanh dia khong chi gitip xe ding lai mot cach nhanh chéng va hiéu qua véi hiéu
suat 1én dén 60-80%, ma con nhe hon so v6i hé thdng phanh tang tréng, gitip giam trong
luong tong thé cia xe.

Hinh 2.13: Hé thong phanh trén xe DanaBus [6]
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2.2.3 Lwa chon phwong dn chuyén déi toi wu:

% So sanh giira cac phwong an chuyén doi:

Bang 2.2: Cac phuong an chuyén do6i

Tiéu chi BEV HEV PHEV FCEV
Nguén dong . \ \
lre Motor dién Motor va ICE Motor va ICE Motor

Nguon nang

B6 pin

Pin va nhién

Pin va nhién li¢u

Pin nhién liéu

luong li¢u chay chay hydro
Khithai | <0Ong  phat oy Pht thai Khong phat thai
thai carbon carbon

Chi phi van

Chi phi van

Cao hon xe dién

Cao hon xe dién

Cao hon xe dién

liéu hoa thach

thach

hanh hanh théap
. | Tuy thudc vao
Pham Vi . . A
n dung luong | Cao hon xe dién | Cao hon xe dién | Cao hon xe di¢n
hoat dong )
pin
Thap, phuong | Thip, phuong an ’ ,
Cao, nho tdp |an  su  dung|su dung nhién | Thap, han ché
U didm khi trgng phkat nh}en lleu thay | liéu thay thé van | ve AmatA cong
chuyén déi trién  nguoén | thé van chua | chua thay thé | ngh¢, khong thé
nang lugng | thay thé duogc | dugc hoan toan | phat trién rdng
tai tao hoan toan nhién | nhién li€u hoa | rai

% Li do lra chon phuwong 4n chuyén déi Danabus thanh xe BEV:

- Giam Thiéu O Nhiém Mdi Truong:

+ Khong phat thai khi nha kinh: Xe diénNkh(A)ng st dung nhién }iéu h(’)a~ thach va
khong thai ra khi CO2, NOx hay cac chat 6 nhiém khac, gitp gidm thiéu 6 nhiém khong

khi trong d6 thi.

+ Chébng bién doi khi hau: Xe dién dong gop vao viéc giam phat thai carbon, gitip
dat duoc cac myc ti€u phat trién bén virng va cam két giam thiéu khi thai nha kinh ma

nhiéu quéc gia dang theo duoi.

+ Tiém nang str dung nang luong tai tao: Xe dién co thé sir dung ngudn nang lugng
tai tao (nhu dién mat troi, gio) dé sac, gop phan vao vi¢c phat trién h¢ thong giao thong

xanh.

Chi Phi Van Hanh Thap Hon:
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+ Chi phi nhién liéu ré hon: chi phi van hanh (sac dién) thudng thap hon nhiéu so
voi chi phi nhién li€u cua xe chay bang dau diesel hodc xang.

+ Chi phi bao tri thap hon: Xe dién co it by phan chuyén dong hon so véi xe dong
co dot trong, diéu nay giup giam thiéu chi phi bao tri va sira chira, vi khong can thay
dau, khong c6 bd loc khi thai, khong c6 bd phan truyén dong phuc tap.

- Ha tang sac va kha nang trién khai:

+ Cac tram sac dién dang ngay cang trd nén pho bién, va nhiéu khu vuc dang trién
khai cac tram sac nhanh, giup vi¢c sac xe tré nén ti€n loi hon.

- HS Tro Chinh Sach va Tiém Ning Phat Trién

+ Chinh séch hé trg ctia chinh phii: Cac chinh phu trén toan thé gioi dang cung cap
céc uu dai, hd tro tai chinh va giam thué cho viéc sir dung phuong tién giao thong xanh
nhu xe dién. Piéu nay lam giam chi phi dau tu ban dau va gitp thuc day qué trinh chuyén
doi.

+ Pau tu vao ha téng sac: H¢ théng tram sac cho xe di¢n dang dugc phat trién
manh mé tai nhiéu thanh phé va qudc gia. Piéu nay gitp giam bét lo ngai vé viéc thiéu
ha tﬁng sac va khién viéc st dung xe dién trd nén kha thi hon.

- Tiém Ning Cai Tién Cong Nghé va Tiét Kiém Nang Luong:

+ Pin va cong ngh¢ ngay cang phat trién: Cong nghé pin cho xe dién dang ngay
cang tién tién hon voi dung luong lon hon, thoi gian sac nhanh hon va chi phi thap hon.
Diéu nay gitp xe dién c6 thé di chuyén xa hon véi mdi 1an sac, giai quyét van dé quang
duong di chuyén han ché.

+ Hi€u suat cao: Pong co dién c6 hi¢u suat chuyén doi ning lugng cao hon nhicéu
so v&i dong co dot trong, gitip xe dién tiét ki€ém nang luong va hoat dong hiéu qua hon.

- Tinh Pong B va Tién Loi:

+ Tién ich trong méi trudng d6 thi: Xe dién rat phu hop véi cac tuyén xe buyt noi
d6, vi chung c6 thé chay trong méi truong do thi, noi ¢ tic nghén giao thong, voi chi
phi van hanh thap va khong phét thai. Piéu nay giup cai thién chat luong khong khi
trong cac thanh phé 16n.

+ Giam tiéng 6n: Xe dién hoat dong rat ém 4i, giam tiéng on giao thong, dic biét
trong cac khu vuc doé thi dong duc.

2.2.4 Két lugn

Qua phén tich ¢ trén, ta thdy rang tinh trang 6 nhiém moi truong va tinh trang khan
hiém vé ngudn tai nguyén dic biét 12 nhién liéu hoa thach dang dan dién ra véi tuong
lai cua nhan loai. Dat ra cho cac nganh cong nghiép trén toan cau, dac bi¢t 1a nganh cong
nghiép 6 to v6i nhitng thach thirc 16n vé cong cudc cai cach dong co dét trong st dung
nhién li€u hoa thach thanh cic dong xe st dung nhién li¢u xanh, than thién vé1 moi
truong. Vai nim gan day, Viét Nam di c6 nhiéu chi truong, chinh sach va chién lugc
vé phat trién nganh cong nghiép 6 t6, dic biét 1a khuyén khich phat trién phuong tién
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giao thong phat thai thap hoic khong phat thai. Bay 1a xu thé tat yeu duoc khuyén khich
tai nhiéu quéc gia va cing la cam két ctia Chinh phu Viét Nam nham hudng t61 myc tiéu
phat thai rong bang 0 vao nim 2050. Tuy nhién, thuc té van doi hoi nhiéu chinh séach hd
tro t6t hon dé doanh nghiép manh dan dau tu vao linh vuc 6 to st dung nhién li¢u sach
giam phat thai 6 nhiém.

Sb luong xe 6 t6 & nude ta trong nhirng nim gan ddy gia ting nhanh chdng, vuot
xa so vo1 du bao cua cac co quan quan ly nha nudce. Vi vay, viéc lam giam muc d§ phat
thai 6 nhiém tr cac phuong tién giao thong luén la dbi twong dugc chil y nghién ciru cta
cac nha san xuat 6 t6 huéng dén. Vi thoi dai cong nghé cao thi viéc sur dung nhing
chiéc 6 t6 thong minh, dong co dién s€ la mot trong nhirng budc tién d6i mai, ap dung
cac cong ngh¢ hién dai vao san xudt 0 t6. Vi tinh hinh d6 viéc cai tao chuyén doi nhirng
chiéc xe 6 t0 cii di qua sir dung thanh nhitng chiéc xe than thién véi méi truong 1a hét
sttc can thiét va hiéu qua mang lai cuc ki cao. Chuyén doi 6 t6 Danabus truyén thong
thanh 6 t6 dién 14 dé tai co tinh thyc tién phu hop nhét voi tinh hinh chung cta xi hoi.
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CHUONG 3: TINH TOAN THIET KE

3.1 Tinh toan, thiét ké hé thong truyén lhre
3.1.1 Lwa chon phwong dn din dong

Hé théng truyén dong cua xe dién thé hién su két hop cua cac h¢ théng dién va co.
Hé théng dién thu thap ning luong tir pin va cung cép cho mot hoac nhiéu dong co bing
cach sir dung dién tur cong suat. Cac loai bo chuyén d6i va bién tan khac nhau nim trong
phan dién tir cong suit. Mot bo truyén dong, mot bd ly hop va mot bo vi sai duoc két
hop dé tao thanh hé thong co hoc.

Truyén dong Paong co
co khi dién
Ngudn
( ) nang lugng ( )

Hinh 3.1: Cau hinh 6 t6 dién c6 dién [15]

Xe dién chay bang pin duoc cung cap ning luong bai mot hoic nhiéu dong co dién
c6 cau tric don gian nhat vi dong co c6 thé c6 duoc cong sudt duge chi dinh. Cac yéu
td co ban can thiét cia hé théng xe dién la dong co, bo diéu khién, nguén dién va hé
théng truyén dong.

’ Mot 6 t6 dién co ban d}rc_yc minh hoa trong hinh’3.2. No bao g6m ba hé théng chu
yéu: h¢ dong luc dién, h¢ thong nang lugng, va hé thong phu trg.

e H¢ dong luc di¢n bao gém: hé théng diéu khién xe, bd chuyén doi dién, céac
dong co dién, truyén dong co khi, va banh chu dong.

e Hé théng ning lugng bao gdm ngudn nang luong bd phan quan 1y nang luwong,
va b phan tiép nang luong dién.

e Hé thong phu trg bao gdm tro lyc lai, diéu hoa, ngudn cung cip ning luong phu
tro.
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Phanh

2 S Tin hiéu ﬁo chuyén Ddng 00 \ X’\.'.en
didy khidn doi dién — g o
2. vl &en hy
A :

L |
[
|

Quan Iy [Pa— Ngudn
nang luomg nang hsom Fudn nang Try lpe
1 N = lmmu ,xlu

>

Bieu hoa
khéag kin

Sac pin
’ ]

T

|
Hinh 3.2: C4u hinh xe dién hién dai
Mot sb phuong an b tri hé thdng dong luc cho xe dién: [15]

e Phuong 4n 1: Hé théng truyén dong thong thuong gom: B vi sai (D), hop s6
(GB), ly hop (C) va dong co dién (M) thay thé dong co dot trong dit phia sau
xe (Hinh a).

e Phuong an 2: Pon gian hoa hop sO va ly hop truyén thong, thay vao do la bo
giam tdc voi ty sb truyén cb dinh dé truyén lyc tir dong co dién dén banh trude
chua dong (Hinh b).

* Phuong an 3: Tich hop cum dong co dién - hop giam tdc va vi sai vao cau banh
xe chu dong (Hinh c), gitp cho hé thong dong luc ctia xe don gidn, gon nhe.

e Phuong an 4: H¢ théng dong luc str dung 2 dong co di¢n, loai b()’b(f) truyén dong
vi sai, mdi dong co dan dong mot banh xe va hoat dong & mot toc do khac nhau
khi chiéc xe chuyén hudng hay quay vong.

e Phuong 4n 5: Nham tiép tuc don gian hoa viéc diéu khién xe, dong co cé thé
dugc dat phia trong mdt banh xe. Mot cdp banh rang nhé dugc dat trong banh
xe dé€ giam toc do va nang cao mo-men dong co.

e Phuong 4n 6: Loai bo hoan toan truyén dong banh rang gitta dong co dién va
banh xe chu dong, dau ra roto cua mot dong co dién toc do thap dat bén trong
banh xe ¢6 thé duoc két ndi truc tlep véi cac banh xe. Viéc kiém soat toe do cua
dong co dién twong duong véi viée kiém soat téc do clia banh xe, va vi thé tc
do cua xe duoc diéu khién. Tuy nhién, vi¢c sép Xép doi hoi cac dong co dién
phai c6 métmo-men xo0dn cao hon dé khoi dong va ting toc xe.
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Hinh 3.3: Cac phuong an bd tri hé théng dong luc cua 6 t6 dién [15]
M — Dong co dién; HS — Hop s6; VS — Vi sai; GT — Bo giam tdc ¢ dinh;
=> Lwa chon phwong dn dén djng:

Nhin chung, c6 2 phuong an 1a st dung mot dong co dién va st dung 2 dong co
dién lam ngudn dong luc chinh cho xe.

Phuong 4an st dung 1 dong co dién c6 nhitng wu diém:
e Tuong thich cao véi xe goc: Tan dung hé thong vi sai va truyén lyc co san—
gitp gidm chi phi va thoi gian chuyén doi.

e Don gidn, dé bao tri
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e Hiéu suat 6n dinh
Phuong an st dung 2 dong co ¢6 nhitng vu diém:

e Loai bo vi sai (D): Diéu khién mé-men xoin doc 14p cho ting banh xe — Cai
thién d§ bam duong va kha nang van hanh trén dia hinh phtrc tap.

e Hicu suat cao: Gidm ton that nang lugng do khong ¢ vi sai co khi.

Bang 3.1: So sanh phwong an chuyén dbi:

Tiéu chi 1 dong co dién 2 dong co dién
. ., | Thap (tan dung co cdu truyén luc | Cao (cin 2 dong co + hé diéu
Chi phi T , ¥
cO san trén xe co sO) khién)

DOtEI:;HIC Don gian Diéu khién phirc tap

Hiéu suat | On dinh Cao (giam ton that co khi)
Kha nang X .
didu chinh Han ché Linh hoat

=> Lura chon phwong 4n din ddng: Vi cac phuong an dan dong trén, can nhic
theo thuc té vé cac van dé nhu chi phi, tinh kha thi va kha nang chuyén doi, nhom nghién
ctru dé xuét thyc hién chuyén d6i xe Danabus str dung hé din dong thong thuong, thay
thé dong co dot trong diesel bang mot dong co dién, tan dung hé théng truyén luc sin
cd cua xe.

[ Banhxe sau J [ Banh xe trudc J

Bo
Hoép, digy =
vi giam, khién Bin

i sai — t5e
Causau Céc déng | S

Hé thong phanh

thay lue
o —
[ Banh xe sau ] — KET N dién [ Banh xe trudic. ]
— K&t ndicg khi

Két ndi thay lue

Hinh 3.4: So d6 hé théng truyén luc Danabus sau cai tao thanh xe dién
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Phuong an ndy 1a phuong 4n téi wu va hidu qua nhét vi né tin dung cac co ciu
trong hé thong truyén luc cia xe co so, khong can phai cai tao lai h¢ thong truyén luc,
két cau cua xe khong bi thay d61 qua nhi€u lam anh hudng dén tinh ndng dong hoc ban
dau cua xe.

Qua trinh chuyen d6i xe Danabus st dung dong co truyén thong sang xe dién BEV
s€ loai bo dong co dbt nhién liéu va cac hé théng lién quan va thay thé bang dong co
dién va cac co cdu bd tro khac. Bang cach danh gia tong quan, ¢ day chung ta co 2 su
lua chon 1a gift lai bo vi sai hodc 1a bo di bd vi sai va thay hoan toan hé théng dan dong
banh sau bang motor. Dé t6i uu hoa viéc chuyén d6i, phuong an cai tao xe dién BEV
van gitr lai bd vi sai cia xe co sO, phuong 4n ndy c¢6 nhiéu vu diém nhu sau:

e  Giam thoi gian tinh toan chuyén doi.
e Tiét kiém chi phi.
e Giam c4c chi tiét méi.

3.1.2 Bé tri cdc co ciu trong hé théng

*.

«» Lua chon vi tri dat dong co:

Khi Iyra chon vj tri ldp ddt dong co dién trén 6 t6 cho BEV, can luu ¥ rang viée truy
cap dé dang dé bao tri va stra chita, dam bao dong co dugc lam mat hi€u qua va an toan
n6 trong phong. Pit ngudn dién gan nhat va thiét bi diéu khién hiéu suat t6i uvu. Viéc
bao v€ co s¢ khoi nudc va bui ddm bao hoat dong 6n dinh trong moi tinh huong. Cén
duy tri khoang cach an toan tir cdc ngudn nhiét dé tranh qua nhiét. Cubi cing, thiét ké
tiét kiém khong giup toi wu hoa cong niang va tao ra trai nghiém lai xe.

Vi phuong an dan dong di lya chon & trén, nham dam bao it tiéu hao chi phi va
don gidn trong qua trinh chuyén doéi, dong co di¢n s€ thay thé vi tri cua dong co dot
trong va két noi voi hdp giam toc.

/7

< Lua chon vi tri dat pin:

Pin xe dién Danabus duoc bd tri dudi ghé hanh khach, gitip phan phdi khéi luong
déu din, tao su on dinh va tiét kiém khong gian. Vi tri nay ciing 1am giam nguy co hu
hong va chay nb trong va cham, dong thdi dé bao dudng hu hong. Tuy nhién, pin kich
thudce 16n c6 thé gay kho khan cho hanh khach va sinh nhiét, yéu cau hé théng 1am mat
hiéu qua. Can can nhic ky thuat can thiét dé dam bao can béng, hiéu suét hé théng treo
va tinh toan 6n dinh cua xe. Binh nhién liéu duoc loai bo dé tao khong gian cho pin.
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Vi tri dat dong co

Vi tri dat pin

Hinh 3.5: Vi tri dong co dién va pin trén Danabus sau khi chuyén doi
3.1.3 Tinh chon dong co dién

Trong diéu kién van hanh thuc té & thanh phd, xe buyt khong can di chuyén & tdc
do cao, khong chay quéa 60—70 km/h.

=> Vi vay, chon van toc toi da cua xe thiét ké 18 vinax = 80km/h.

Véi mirc téc do nay co thé chon dong co nho hon, tiét kiém chi phi, nhe hon, giam
tai hé thdng diéu khién, pin, tan nhiét. Ti wu hoa kha ning ting toc — leo déc & dai van
tdc quan trong hon.

Cong suat can thiét cua dong co dién c6 thé tao ra luc kéo Fu dung dé thing luc
can lan cia mat duong Fy, luc can 1€n doc F;, lyc can gio Fy va lyc quén tinh khi ting
toc Fj.

Hinh 3.6: Cac luc tac dung 18n 6 to khi 1én déc
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- Phuong trinh tinh tong luc can tac dung 1én 6 t6 [16]:
F,=F,+F+F,+F, 3.1)
+ Luc can lan duoc tinh [16]:
F,=mg.f 3.2)
Trong d6o: f—hé s6 can 1an. Vi vimax < 22 m/s, chon £= 0,015
m — khéi luong toan tai, m = 4990 (kg)
= F, =4990.9,81.0,015 =734,279(N)

+ Luc can lén dbc dugc tinh [16]:
F =m.gsina (3.3)
Trong d6:  a (d6) — goc doc cia mat duong. Chon o = 15°
= F; =4990.9,81.sin(15) =12669,684(N)
+ Lyc can gi6 [16]:
F, =K.AV (3.4)
Trong do: K- H¢ sb can khong khi, theo bang 1-4 trang 29 [16], chon K = 0,35
A— (m?) Dién tich can chinh dién, ddi vai xe du lich, A = 0,8.B.H
Véi B — Chiéu rong 6 t6, B = 2200 (mm),
H — Chiéu cao 6 t6, H=2720 (mm).
v (m/s) — van tbc tuong dbi cua xe voi khong khi
= F,=0,35.(0,8.2,2.2,72).22,22° = 827,252(N)
+ Luc can quén tinh [16]:
F.=m,.]j (3.5

J
, . 2 e LA L. . L . Av .
Trong d6:  j (m/s”) — gia toc tinh tién, j = e chonj=1,2 m/s.

=>F =m,.j=4990.1,2 = 5988(N)

Pé han ché cong suat cho dong co dién ta khong cho phép xe hoat dong & ché do
6 ca 4 lyc can xay ra cung lic. Chang han, khi xe 1én doc ta chi cho phép xe chay déu
va van tdc nho nén bo qua lyc quan tinh va lyc can gio, hoac khi xe dang chay & toc do
t6i da thi xem nhu khong ton tai lyc can 1én dbc va luc quan tinh. Ta chon trudng hop
xe chay & tdc d6 t6i da vimax = 80 km/h dé xac dinh cong suat lién tuc cta dong co dién.

Tuy nhién trong diéu kién van hanh thuc té tai d6 thi, xe buyt thuong xuyén phai
tang toc tu trang thai dung, dic biét khi kho1 hanh, dung don tra khach hodc vuot xe.
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Do d6, can phai xét dén nhu cau luc kéo khi ting téc dé dam bao dong co du kha nang
dap tmg cac truong hop lam viéc. Trong truong hop nay, khoang van tdc can gia toc 16n
duogc xét dén 1a 0 — 40 km/h va muc tiéu 13 chon ra cong suat tdi da cua dong co dién.

Vi vay, ta tinh chon dong co dién dya trén hai truong hop:
% Truong hop 1: Xac dinh cong suit lién tuc theo luc can ldn va luc can gié & van

tdc tOi da Vmax = 80 km = 22 ,22 m/s.
+ Luc can lan: Ff =734,279(N)

+ Luc cén gio: F, =827,252(N)

+ Luc can can thiét tong cong trong trudng hop nay:
F, =F, +F, =734,279+827,417=1561,7(N)

totl
+ Cong suit can cua xe trong truong hop nay [16]:
P, =F =1561,7.22,22 =34704(W) =34,7(kW)

M totl* max

+ Cong suét can thiét ciia dong co dién dé can bang vdi cong can cla xe trong
truong hop nay la:

P
P, =—" (3.6)
M1
Véi 77 1a hiéu suat ciia hé thong truyén luc, chon so bd 77, =0,9; higu suat ciia
dong co dién, 7=0,95

34,7

=————=41(kW
¥0,9.0,95 ()
% Truong hop 2: Xéac dinh cong suit lién tuc theo lyc can lan, lyc can gié va luc

can quéan tinh & véan toc trung binh v =40 km/h = 11,11 m/s.

+ Lyc can lan: F, =734,279(N)

+ Lyc can giod:
F,=K.Av,’ =0,35.0,8.2,2.2,72.11,11> =206,813(N)
+ Lyc can quan tinh: F, =5983(N)

+ Luc can can thiét tong cong trong trudng hop nay:
F,,=F,+F,+F =734,279+206,813+5988 = 6929,092(N)

tot2
+ Cong suat can cua xe trong truong hop nay [16]:
P, =F =6929,092.11,11=76982(W) = TT(kW)

M tot2* tb
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Khi xe buyt dién ting tbc nhanh ¢ téc do thap, hidu suat dong co dién thuong chi
dat khoang 70-85% do yéu cdu md-men xoan lén va dong dién cao giy ton hao 16n.
Chon hi¢u suat dong co l1a 80%. Vay cong suat can thiét cua dong co dién trong truong
hop nay la:

77

P, = P _ =101,3(kW) 3.7
n;n 0,8.0,95

- Lua chon dong co dién: Tt tinh todn nhu cau truyén dong, dé dam bao hiéu qua
van hanh, d6 bén va do tin cay cua h¢ théng, lga chon dong co dién cd cong suét cao
hon gia tri yéu cau khoang 20% => Chon dong co di¢gn HVH250-090S hoat dong & murc
dién 4p 500V.

Hinh 3.7: Bong co di¢n HVH250 — 090S [17]
- Thong s6 dong co:
+ Loai dong co: Bong co dién 3 pha IPM
+ Di¢n 4p hoat dong: 500 V
+ Cong suat toi da: 125 kW
+ Cong suit danh dinh: 90 kW
+ Momen ti da: 320 N.m
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Hinh 3.8: D6 thi momen ctia motor HVH250 — 090S theo sb vong quay [17]
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Hinh 3.9: D6 thi cong suit theo sd vong quay ctia motor HVH250 — 090S [17]

DS

SciNotes:

% MO phong dac tinh mé-men — tdc do va hi€u suat dong co dién st dung

- Lap trinh SciNotes v€ biéu d6 dic tinh mo-men — tc dd va hiéu suit dong co
dién HVH250 — 090S
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Hinh 3.10: Biéu d6 dic tinh md-men — tdc d6 va hiéu suat motor HVH250-090S
3.1.4. Tinh todn cdc théng sé chinh
a. Tinh toan ti so truyén:

Puong dic tinh co cua dong co dién mot chidu gan giéng voi duong dac tinh keo
ly tuong cua 6 t0, dong thoi dong co dién co the d6i chleu quay dé dang nén ching ta
c6 thé thiét ké hé thong truyén lyc ma khong can hop sd nhu ¢ dong co ddt trong. Tuy
nhién, dé dam bao xe véan hanh t6t & moi ché do, phai kiém tra lai momen va cong suat
ma dong co dién cung cp da du dap tmg nhu cau cta xe hay chua.

- Théng s6 cho trudc
+ Dong co diesel Cummins ISF2.8s5F148:
e Momen xo0dn cuc dai: Mamax = 320 N.m tai 1400 — 1700 vong/phit.
e (Cbng suat cuc dai: Pmax = 140 Ps tai 3400 vong/phiit
+ Motor:
e Momen xoén lién tuc 16n nhit: Mymax = 320 N.m
e Tbc do quay tdi da: nm = 10000 vong/phut
+ Thong s6 16p: 195/75R16

GVHD: TS. Lé Minh Tién 41
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

_1950,752+16.25,4
bx —
2

+ Van téc t6i da mong mudn ctia xe thiét ké: vimax = 80 kmv/h = 22,22 m/s

0,95 =332(mm) = 0,332(m) (3.8)

+ Ti sd truyén cua truyén luc chinh: ig.= 4,556

- Ta c6, ty s6 truyén cua hé théng xac dinh theo cong thuc:
f,=—M ="M 3.9

trong do wm , nv la van téc goc va s6 vong quay dinh mirc cua dong co dién va by
ngx 13 van tdc gbc va sb vong quay can thiét 1én nhat ciia banh xe.

V61 nm = 10000 (v/ph) va ngx dugce xac dinh theo cong thirc:

0y 3022.22
n_ = max — - =639,44(v/ 3.10
M s 3,140,332 @/p) (3.10)

Thay cac gia tri c6 dugc vao cong thic ta dugc:
10000

lH = =
639,44

b

- Ti s6 truyén cia truyén lyc chinh xe Danabus 13 i = 4,556. Theo tinh toan thi ti
sb truyén can thiét cua xe thiét ké 13 in = 15,499 chénh 1éch 1én so véi ti sd truyén luc
chinh, vi vay phai st dung thém hop giam tdc dé ting ti s6 truyén chung ctia hé thong
truyén luc.

- T1 s6 truyén cua hop gidm toc can dung:

i, 1564
1 = —= :3’43 3.11
. 4,556 G411

TLC

Dé thuén tién cho viéc tinh toan va thiét ké hop giam tde, lua chon ti s6 truyén hop
giam tdc 13 ing = 3,5.

=> Ti s6 truyén chung ciia hé thong truyén lyc: 7, =3,5.4,556 =15,946.

Zhgt tlc

- Kiém tra ti s& truyén theo diéu kién luc kéo 1on nhét tai banh xe:

+ Luc can 16n nhit tai banh xe dugc xét dén trong trudng hop leo déc:
F.=F +F, =734,279+13492,972 =14227,251(N)

+ Momen can tai banh xe:

M, =F.r, =12669,684.0,332 =4449,814(N.m) (3.12)
+ Momen kéo 16n nhét tai banh xe:
My, =M, i,n= 320.3,54,556.0,95 = 4847,584( Nm) (3.13)
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Ta thdy Mibx > Mcbx . VAy chi can mot ti s6 truyén duy nhét xe c6 thé hoat dong
0 moi ché do khi chay ¢ van téc cuc dai va ca khi vuogt doc.

b. Tinh toan d9 ddc cwe dai:

D3 doc cuc dai dugce xac dinh theo hai trrong hop 1a luc can can bang vaoi luc bam
va luc can can bang véi luc kéo cuc dai cua dong co dién (ing vo1i mé men kéo cuc dai).
Sau d6 so sanh va chon gia tri nhé hon trong hai gia tri tim dugc. Theo di€u kién luc
bam ta co:

G.o.cosa=G.f.cosa+G.sina (3.149)
S e=f+tana

Stana=¢— f=0,6-0,015=0,585

<= a=30°.

Theo (‘iiéu kién khong truot tron cta luc bam, 6 to ¢ thé leo 1én duogc d6 doc toi
da c6 goc bang 30° hay d6 doc 58,5%.

Theo dicu kién luc kéo cuc dai cia 0 t0 ta co:

Mt max t T _ G.f.cosa+Gsina (3.15)

T
Véi:  Mwmmax = 320 (Nm) la m6é men cuc dai ciia dong co dién,;
in = 15,946 1a ty s6 truyén cua hé thong truyén lyc;
rox = 0,332 (m) 12 ban kinh béanh xe ;
n = 0,95 1a hi¢u suat cua hé théng truyén luec.
Thay cac gié tri vao biéu thirc (4-11) ta duoc:
320.15,946.0,95
0,332
= 0,015.cosa+sina =0,3

=48951,9.(0,015.cos & +sin x)

Giai ra duge o ~ 16° hay do dbc 29%. Nhu vay d6 doc cuc dai ma xe co thé leo
dugc 14 29% (a = 169).

c. Tinh toan van toc cuc dai:

O t6 dat van tdc cuc dai khi dong co dién quay véi ) vong quay lon nhat, Nvmax =
10000 (v/p).

Ta c6 : Ti s6 truyén cua hé thong truyén lyc:

Va s6 vong quay cua banh xe tai van toc toi da la :
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_ 30,

T,

n,

X

Suy ra van toc toi da cua 6 t6 la:
y o Py 3,14.0,332.10000
™ 304, 30.15,946

=21,79(m / s) = 78,45(km | h)

3.1.5 Tinh todn thiét ké hop giam téc 1 cdp truyén djng:

(3.16)

Hop giam toc 1 cip duogce tinh toan va thiét ké theo gido trinh “Tinh toan thiét ké

dan dong co khi (tap mot)” ciia PGS.TS Trinh Chat, TS. Lé Vin Uyén. [18]
a. Tinh toan thiét ké banh ring:
% Tinh thong s6 Momen trén cac truc:
- Momen xoén trén truc dong co: T, = 320000( N .mm)

- Momen xo0én trén truc chu dong:
1, =T,n,n, =320000.0,99.0,99 =313632(N.mm)

Trong do: n,, - Hiéu suat cua 0 lan
n,, - Hiéu suat khop noi
- Momen trén truc bi dong:

7, = T _ 313632.0,99.0,97.1000 00125 03407 )
n 1000

u 3,5

Trong do: 17,,: Hiéu suét cia 1 cap banh riang
u: Ty s6 truyén cua b truyén
Thong s tinh toan thiét ké bo truyén banh ring tru ring nghiéng:
- M6 men xoan trén banh chi dong: 7, =313632 (N.mm)
- Téc d6 banh rang chu dong: 1, =1000 (vong/phut)
- Ti sb truyén cta bo truyén: u =3,5
% Chon vit li¢u:
- Tra bang 6.1 Tr.91[1], ta chon: Vat liéu nhém [
+ Vat liéu banh rang nho:
e Nhan hi¢u thép: 40XH

e  Ché d6 nhiét luyén: toi cai thién .

(3.17)

(3.18)
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e Dorin: HB=230...300, chon HB, =250
e Gi6i han bén: o, =850MPa
e Gi6i han chay: o, =850MPa

+ Vit li¢u banh rang 16n:
e Nhan hiéu thép: 40XH
e Ché d6 nhiét luyén: toi cai thién .
e Dorin: HB=230...300, chon HB, =230
e Gi6i han bén: o,, =850MPa
e Gidi han chay: o, =850MPa
% Xac dinh so b wng suit cho phép:

- Ung suét tiép xuc cho phép:

0

[on]1= %'ZR Zy Ky Ky, (3.19)
H
- Ung suét udn cho phép:
0
[op]1= %‘YR'Y;'KXF'KFL (3.20)

F

Laysobd Z;Z,. K, =Y, YK, =1, ta duoc:

[o,]= S 1rim Ko
H
SH
[O_ ] — GOFlim 'KFL
F SF

S H,S » - Hé s an toan khi tinh vé tmg sudt tiép xuc va tng suat udn.
+ Tra bang 6.2 Tr.94 [18] duoc:
Banh rang chu dong: SHI =11; SFl =1,75

Béanh rang bi dong: SH2 = 1,1;SF2 =1,75

0 0 7 AL 4t A ; \ A A r 7 ) 2
O iy O prm - UNE sudt tiép xfic va img suat uén cho phép véi chu ky co so:

o’ i = 2.HB +70(MPa) (3.21)
o' .. =1,8. HB(MPa) (3.22)
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- Banh chu dong: :
o’ = 2.HB, +70=2.250+70 = 570(MPa)

o’ =1,8.HB, =1,8.250 = 450(MPa)
- Banh bi dong:

0° ima = 2-HB, +70 =2.230+ 70 = 530(MPa)
0’ i =1,8.HB, =1,8.230 = 414(MPa)

Thay s6 vao cong thire ta dugc:

- Banh chu dong:
oy 1= %.1 =518,18(MPa)
450
o} =——1=257,14(MPa
[ E ]Sb 1’ 75 ( )
- Banh bi dong:

CAE %.1 = 481,8(MPa)

b

414
o} =——1=236,57(MPa
[ Fz]sb 1 75 ( )

9

Vi bo truyén banh rang try ring nghiéng:

[0y, = Loy I+loy.] ;[%] = 500(MPa)

* Xadc dinh so b khoang cach truc:

’ 1,.K
a,=K, . (u+1).3 %
o, ] u¥,,

Trong do:

(3.23)

(3.24)

Tra bang 6.5 Tr.96 [1], hé sé phu thudc vao vat liéu 1am banh ring va loai rang:

1
K, =43(MPa®)
Momen xoan trén banh cha dong, 7, =313632(N.mm)
Ung suat tiép xuc cho phép: [o,],, = 500(MPa)

Ti s6 truyén u =3,5
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Tra bang 6.6 Tr97[18], hé s chiéu rong ring: Y, =04
=>%¥,,=0,53Y¥,, .(u+1)=0,53.0,4.(3,5+1) = 0,954
K, ,:H¢ s6 ké dén sy phan bd khong déu tai trong trén chiéu rong vanh ring khi

tinh,tra bang 6.7 Tr98[18], ¥,, = 0,954 va tng véi so d6 6 va HB <350 dugc
K,, =103

Thay sb ta duoc:

T.K
a,> K, (u+1)3—"L— =43,(3,5+1).3 w =188,398(mm)
[0, uY¥,, 500%.3,5.0,4

Chon a, =190(mm)
% Xac dinh céac thong s6 dn khép ciia bd truyén:
- Modun:
m =(0,01+0, OZ).aW =(0,01+0,02).190 = (1,9 +3,8) (3.25)
Tra bang 6.8 Tr99 [18], chon theo tiéu chuan m =2, 5(mm)
- S6 rang:
+ Sb rang banh chi dong:
Chon trude f=20°; cos =0,9396
. 2.a,.cos _2.190.0,9396 _

=31,74 (3.26)
m.(u+1) 2,5.(3,5+1)
Chon z, =32 (rang)
+ Sb rang banh bi dong:
z, =u.z,=3,532=112 (3.27)
Lay z, =112 (rang)
- Ty s truyén thyc té
112
u=2="2-35 (3.28)
z, 32
- Sai léch ti s6 truyén:
Au =[] 2133735 1000, = 0%(7M) (3.29)
u )
- Xac dinh goc nghiéng rang:
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m(z,+z,)  2,5.(32+112)
2a, 2.190

— B=18,67°

cos ff = =0,947 (3.30)

- Xac dinh goc an khép:
+ Goc an khop:
820°) 1510160

toa
a =a, =arctg(——)= arctg[———"—
too 8 ) g[cos(18,67°)

(3.31)

Trong do: f: géc nghiéng rang
a : goc profin gbe (o =20°)
+ Goc nghiéng rang trén hinh try co co:
B, = arctg(cosa,.tan ) = arctg[cos(21,016°).tan(18,67°) =17,5°  (3.32)
- Xéc dinh hé s6 dich chinh
Dé dam bao khoang cach truc da chon ta thay doi goc nghiéng ma khong can dich
chinh ,dodo x, =x, =0
% Xac dinh wng suat cho phép:
- Ti s6 truyén thyc té: u,=3,5
- BPuong kinh vong lan:
2a, 2.190
T+l 3,541

= 84,44(mm) (3.33)

- Van tdc vong ctia banh ring:
_rd,.n  7.84,44.1000

V= 50000 50000 =4,42(m/ s) (3.34)

- X4c dinh chinh x4c tng suit cho phép:
loy1=loy]),-Zr-Z, K,y 3.35)
CAECRINAS (3.36)

Trong do6:
[6,].,, [0,],: Gng suit so bo da tinh & trén

Z, :hé sb xét dén d6 nham cua mat rang lam vi¢c .Tu dir 1i€u trang 91,92 chon
R, =1,25...0,63(um) = Z, =0,1

Z, : hé s xét dén anh hudng cua van toc vong
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HB <350, v =4,42(m/s) < 5m/s; suy ra Z, = 0,986
K ,, : hé s6 xét dén anh hudng cia kich thuée banh ring = K ,,, =1
Y, hé s6 anh hudng 36 nham mat luon chan rang. Chon Y, =1
Y,: hé s6 xét dén do nhay cua vat li€u véi su tap trung ing suét
Y, =1,08-0,0695.1n(m) =1,08 —0,0695.In(2,5) =1,016 3.37)
K,.: hé¢ s6 xét dén do anh huong cua kich thudc banh rang dén dd bén udn,
K, =1
Thay s6 vao ta duoc:
lo,]1=[o,]1,-Zx-Z, K, =500.1.0,986.1=493,11(MPa)
+ Banh chu dong:
[0 1=[0m1,.Ye YK =257,14.1.1,016.1 = 261,3(MPa)
+ Banh bi dong:
lo,,]1=[0s,1,-Ye-Ys K =236,57.1.1,016.1 = 240,43(MPa)
% Kiém nghiém b truyén banh ring:

- Kiém nghiém do bén ti€p xuc:

2T K, (u, +1)

2
bw 'ut 'dwl

o, =2y7,7,. \/ <[c,] (3.38)

1
Trong d6: + Z,, 1a hé s6 ké dén co tinh vat lidu ctia banh ring, Z,, = 274(MPa®)

+ Z,1ah¢ s6 ké dén hinh dang cua bé mit tiép xuc

Z, = 2:c0s,8,, _ ?.003(17,5 ) 1,687 (3.39)
sin2a,, sin(2.21,016°)

+ b, 14 chiéu rong vanh ring:
b,=%Y,,a, =0,4.190 = 76(mm) (3.40)
Chon b, = 76(mm)

+ Z_ 14 hé sb trung khép: Vai hé s6 trung khép doc

. b,.sinf8 76.sin(18,67°)
P m.zw 37572-

Nén theo cong thue 6.36¢ Tr105 [1], ta co:

3>1 (3.41)
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Z = |— (3.42)
&

a

Véi ¢, 1a hé sd trung khép ngang:

£, =[1,88 232+ L) cos B [1,88-3,2.(4- + —)].cos(18.67°) = 1,659
z, 32 112

Z
1
=Z7Z = [——=0,776
1,659

+ K, 1a hé s6 tai trong
K, =K, K, K, (3.43)
Trong do:
e K,; lah¢é s6 ké dén sy phan bo khong déu cia tai trong trén chiéu rong

vanh rang, tra bang 6.7 Tr98[18] duoc K, , =1,03

e K, lahé s6 ké dén su phan bd khong déu cua tai trong giita cac rang khi
tinh vé do bén tiép xtc, tra bang 6.14 Tr107[18] duoc K, =1,09

e K, lah¢ sO ké dén tai trong dong xuat hién trong ving an khép.
Tra bang P2.3 Tr 250 [18] voi: CCX =8, HB <350, Rang nghiéng, v=4,42(m/ s)
Noi suy tuyén tinh dugc K, =1,02

Thay s6 duoc:
K, =1,05.1,14.1,02=1,16

Thay s6 dugc:

2.313632.1,16.(3,5+1)
76.3,5.84, 44>

o, =274.1,687.0,776. \/ = 471,7(MPa) <[o,,] = 493,11(MPa)

= Banh rang du bén
Kiém tra ta duoc:
[0,1=04 1000~ 493 11-471.7
o] 49311

.100% =4,3% <10% (3.44)

- Kiém nghiém d6 bén uén:
2T Ky Ky K, Y, Y, Y,
- b.d m

L<[o ] (3.45)

Or
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Y
- % <[] (3.46)

F1

Op)

Trong do:

+ [0 ;,]1=261,3MPa va [o ,,] = 240,43MPa 13 tmg suét udn cho phép.

+ K., lah¢ s6 ké dén sy phan bd khong déu cua tai trong trén chiéu rong vanh
rang. Tra bang 6.7 Tr98 [18] vé1 y,, = 0,954 va so d6 bd tri 6 duge K.,=11

+ K,, lah¢ sO ké dén su phan bd khong déu cia tai trong trén cac cip ring dong
thoi an khép. Vi cap chinh xéc 8;v=4,42m/ s . Tra bang 6.14 Tr107 [18]: K., =127

+ K,, 1ah¢ s6 ké dén tai trong dong xuét hién trong ving in khép

Tra bang P2.3 Tr 250 [1] v6i: CCX =8, HB <350, rang nghiéng, v=4,42(m/ s)
Noi suy tuyén tinh dugc K, =1,08
+7Y lah¢ s6 ké dén sy trung khép cia rang:

Y, LI =0,6 (3.47)
g, 1,659

+ 7Y, 1ahé s6 ké dén do nghiéng cua ring:

B, 1867

Y, =1- = =0,86 3.48
/ 140 140 (3.48)
Taco: ¥, va Y,, la hé s dang ring, véi:
32
Z,=—1 - =376 (3.49)
(cosf)°  [cos(18,67°)]

112
Z,=-—2 - —=131,7 (3.50)
(cos )" [cos(18,67°)]

Tra bang 6.18 Tr 109 [18] v6i hé s6 dich chinh x = 0, ta dugc Y,, =3,7; Y., =3,6
Thay sb ta duoc:
~2.313632.1,1.1,27.1,08.0,6.0,86.3,7

o =114(MPa) <|o,,]=261,3(MPa
i 76.84,44.2.5 (MPa)<[op] (MPa)
Oy = % = 41,67(MPa) < [0 ,,] = 240,43(MPa)

= Banh rang du bén

D)

% Mot s6 thong so6 dong hoc:
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+ Puong kinh vong chia:

d = m.z

- cos 3

(3.51)
- BPuong kinh vong chia banh nhé:

- mz, _ 2,5.32 _ 84.44(mm)
cos S cos(18,67°)

- Buong kinh vong chia banh 16n:
g =M _ 2,5.112
> cos p cos(18,67°)

=295,55(mm)

+ Duong kinh dinh rang:
d,=d+2m (3.52)
- BPuong kinh vong dinh banh nho:
da1 =d, +2.m=284,44+2.2,5=89,44(mm)
- Buong kinh vong dinh banh 16n:
d, =d,+2.m=295,55+2.2,5=300,55(mm)
+ PBuong kinh day rang:
d,=d—2,5m (3.53)
- BPuong kinh day rang banh nhé:
df1 =d —2,5m=284,44-2,5.2,5="78,19(mm)
- BPuong kinh day rang banh 16n:
a’f2 =d, —2,5m=295,55-2,5.2,5=233,05(mm)
+ Duong kinh vong lan:
- Buong kinh vong lan banh nhé:
a’w1 = 84,44(mm)
- Buong kinh vong lan banh lon:
d,, =295,55(mm)
+ Duong kinh vong co so:
d,=d.cosa (3.54)

- Buong kinh vong co s& banh nho:
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d, =d,.cosa =84,44.cos(20°) =79,35(mm)

- BPuong kinh vong co s¢ banh 16n:
d, =d,.cosa =295,55.c08(20°) = 277,73(mm)

- Luc vong:
2T, 2.313632
L 84,44

w

= 7428,1(N) (3.55)

- Lyc huéng tam:

_ F.tan(20°)  7428,1.tan(20°)

F =F = =2853,8(N) (3.56)
‘ : cos f cos(18,67°)
- Luc doc tuc:
F, =F, =F tanf=74281.tan(18,67°) = 2510,196(N) 3.57)
Bang 3.2: Tong két cac thong sd ctia bd truyén banh ring
Théng sb Ki hié¢u Gia tri Pon vi
Khoang cach truc chia a 190 mm
Khoang cach truc a, 190 mm
. zZ) 32 mm
SO rang
Z 112 mm
d, 84,44 mm
Duong kinh vong lan
d, 295,55 mm
d, 84,44 mm
Duong kinh vong chia
d, 295,55 mm
d, 89,44 mm
Duong kinh dinh rang
d, 300,55 mm
d, 78,19 mm
Duong kinh day rang
d, 233 mm
dbl 79,35 mm
Duong kinh co s¢
dy 277,73 mm
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Théng sb Ki hiéu Gia tri Pon vi

. X 0 mm

H¢ s6 dich chinh
X, 0 mm

Géc profin gbe a 20 °
Goc profin rang Q, 21,016 °
Goc an khop a,, 21,016 °
Hé s6 trung khép ngang &, 1,659
Modun phép m 2,5
Goc nghiéng cua ring B 18,67 °
Bé rong ring b, 76 mm

b. Tinh toan thiét ké truc:

- Chon vét liéu ché tao truc.

Chon vét liéu ché tao cac truc la thép C45 thuong hoa c6 o, = 600MPa, 4o ran HB
=170...217, gié1 han bén o, = 600MPa, gi61 han chdy o, =360MPa

- Xac dinh so bd duong kinh truc:

Puong kinh truc dugc xac dinh bang cong thirc momen xoan sau:

(3.58)

Trong do: T: Momen xo4n
[7]: Ung sut xodn cho phép

+ Truc I:

d, > I, _ 331632 =48,01(mm) lay d, = 45(mm)
0,2.[z] \ 0,2.20

+ Truc II:

T 1054133 ,
d, >3—L—=3 =64,11(mm)lay d, =65
! \/0,2.[1] \/ 0.2.20 (mm) 12y d, =65(mm)

Theo bang 10.2[18] 189 chon chiéu rong 6 lan: by, = 25(mm), by, = 33(mm)

- Xéc dinh khoang céach gitra cac diém dat lyc:
Theo bang (10.3 1/1) chon :
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k=12
e k,=5....151a khoang tlr muat 6 dén thanh trong ctia vo hop k, = 12
e k,=10...20 1a khoang cach tir mat mut chi tiét dén nap 6 k,=10
e h,=15...20 chiéu cao nip 6 va dau bulong h,, =15
+ Truc I:
Chiéu dai moay o ntra khop ndi (ndi truc dan hoi):
d,, =58(mm) chon [ ,, =95(mm)
Chiéu dai moay o banh ring tru ring nghiéng nho:
o/ .=(01,2+15)d, =(1,2+1,5).45=54+67,5(mm) chon [ , =61(mm)
/,=0,51,,+b,)+k;+h =0,5(95+25)+10+15 =85(mm)
/.=0,5(,,+by,)+k +k, =0,5(61+25)+12+12 = 67(mm)
o/, =2l,=2.67=134(mm)
+ Truc II:
Chiéu dai moay o ntra khdp ndi (ndi cacdang):
[, =1,4+2,5)d, =(1,4+2,5).65=91+162,5(mm) chon [ ,, =125(mm)
Chiéu dai moay o banh rang tru rang nghiéng lén:
o [ .=0,2+15d,=(01,2+1,5).65=78+97,5(mm) chon [ ,, =88(mm)
o 1,=0,50,,+by)+k +h =0,5125+33)+10+15=104(mm)
o [.=0,5,+by,)+k +k =0,588+33)+12+12 =84,5(mm)
o [, =2l =2.84,5=169(mm)

- Chon duong kinh céc doan tryc:

k, =8....15 1a khoang cach tir mit mut chi tiét quay dén thanh trong cua hop

+ Truc I: Xuét phat tir cac yéu cau vé do bén, lip ghép va cong nghé ta chon duong
kinh cac doan truc nhu sau :

* dy=d,=45(mm)
e d, =58(mm)
e d,=40(mm)

- Chon va kiém nghiém then:
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Xac dinh mbi ghép then cho truc 1 lap banh rang , d,, = 58(mm) ,chon then bang
tra bang B9.1a [18] 173:

Chiéu rong then: b = 18(mm)

Chiéu cao then: 4 =11(mm)

Chiéu sau ranh then trén truc: t, =7(mm)

Chiéu sau ranh then 16 2: ¢, = 4,4(mm)

Xac dinh mbi ghép then cho truc 1 lap khép ndi, d,, =40(mm), Chon then bang
cach tra bang B9.1a [18] trang 173:

e Chiéu rong then: b = 12(mm)
e Chiéu cao then: % = 8(mm)
e Chiéu sau ranh then trén truc: t, = 5(mm)
e Chiéu siu ranh then 15 2: ¢, = 3,3(mm)
e Chiéu dai then: / =(0,8+0,9)/ , =(0,8+0,9).95=76+85,5 chon [ =81(mm)
+ Truc II: Chon theo truc I
e d,=d =65(mm)
e d,=76(mm)
e d,=60(mm)
- Xac dinh méi ghép then cho tryc 2 1ap banh ring , d, = 76(mm)chon then bang
tra bang B9.1a [18] 173:
e Chiéu rong then: b = 22(mm)
e Chiéu cao then: & =14(mm)
e Chiéu sau ranh then trén truc: t, =9(mm)
e Chiéu sau ranh then 18 2: ¢, = 5,4(mm)

e Chiéu dai then: [ = (0,8+0,9). ,, =(0,8+0,9).88=70,4+79,2 chon
[ =T75(mm)

+ Xac dinh mbi ghép then cho truc 2 lap cacdang, chon then bang tra bang B9.1a
[1] 173:

e Chiéu rong then: b =18(mm)

e Chiéu cao then: /1 =11(mm)
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e Chiéu sdu ranh then trén tryc: t, =T(mm)
e Chiéu sdu ranh then 16 2: t, =4,4(mm)

e Chiéu dai then: 7 =(0,8+0,9). ,, =(0,8+0,9).125=100+112,5 chon
[ =106(mm)

- Chon 6 lan:
Theo bang 10.2[18] 189 chon chiéu rong 6 lan: by, =25(mm), by, =33(mm)

Bang 3.3: Puong kinh d theo gan dung chiéu rong 6 1an [18]

d, |20 (25|30 |35]40 |45 |50 |55 ({60 |65 |70 |75 |80 |85 |90 |100
mm

bo, |15 |17 |19 |21 [23 |25 |27 |29 |31 |33 |35 |37 (39 |41 |43 |47
mm

3.2 Tinh toan, lrra chon hé thong pin
Dé tién hanh tinh toan hé théng pin, ching ta can tinh toan hai thong sb cta xe:
- Miic ning luong tiéu ton trung binh: Eqvg
- Khoang cach ma xe di duoc trong mot lan nap: D,
3.2.1 Co so tinh todn

Pé tinh dugc mirc tiéu hao ning lugng trung binh Eave [Wh/km], ta phai dua xe 1én
bang thir cong suit va str dung cac chu trinh l4i xe dé xac dinh mirc tiéu hao ning luong.
Trong trudong hop tinh toan cho xe Danabus, ta s€ su dung chu trinh lai WLTC
(Worldwide harmonized Light vehicles Test Procedure). Chu trinh 141 WLTC 1a mot
chuan duoc ap dung & Chau Au dé xac dinh mirc khi thai va muc tiéu hao nhién liéu cua
cac loai xe xang, hybrid va xe dién [19].

C6 3 chu trinh 1ai trong chuan WLTC, st dung ti€u chuan nao 1a phu thudc vao ti
s6 cong sudt tdi da chia khéi lugng khong tai Pw, (W/kg).

- Loai 1: Phuong tién cong suat nho voi Pw, < 22.
- Loai 2: Phuong tién cong suat trung binh vi 22 < Pw, < 34.
- Loai 3: Phuong tién cong suat 16n voi Pw, > 34.

O day viéc tinhr toan dugc thuc hién cho dong xe Danabus 26 chd - Gazelle City
A68R52/B26, co ti sO:

P
22< P, == 102970 =30.285<34 (3.59)
Tom, 3400
nén ta s dung chu trinh lai loai 2.
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Chu trinh 14i duoc chia thanh 4 giai doan mdi giai doan c6 téc d6 t6i da khac nhau

[19]:
- Thép: 51.4 km/h, trung binh: 74.7 km/h, cao: 85.2 km/h, cuc cao: 91.4 km/h.
- Bén giai doan nay mé phong cho cac loai dudng: d6 thi, ngoai 6, ndng thon va
cao toc.
Bang 3.4: Thong s6 tom tat cua chu trinh 1ai WLTC loai 2 [19].
. Trung Cuc Tong
Thap Cao
binh cao cong

Thoi gian (s) 589 433 455 323 1800
Thoi gian dung (s) 155 48 30 7 240
Quang duong (m) 3101 4737 6792 | 8019 | 22649
% dung 26.3% 11.1% 6.6% | 2.2% |11.55%
Toc do toi da (km/h) 51.4 74.7 852 | 123.1
Tdc d6 trung binh khong tinh
thoi gian dimg (km/h) 25.7 44.3 57.5 914 | 54.725
Toc d6 trung binh c6 tinh thoi
gian dimg (km/h) 19 394 53.7 89.4 | 50.375
Gia toc thap nhat (m/s?) -0.94 -0.93 -1.11 | -1.06
Gia tdc cao nhat (m/s?) 0.9 0.96 0.85 | 0.65
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Hinh 3.11: D4 thi chu trinh WLTC loai 2 [19]

Vi diéu kién van hanh trong thanh pho, viéc mo6 phong tinh toan chi xét dén hoat
dong cua xe ¢ giai doan van toc cao.

Phuong phap tinh toan muec ti€u thu nang lugng st dung moi truong mo phong
Scilab/Xcos. Cac budc nhu sau [20]:

1. Xéc dinh biéu thirc toan hoc cta mirc tiéu thu nang luong
2. Nhap dir liéu dau vao.
3. Tao so d6 khdi tinh toan.
4. Chay mo phdng trén chu trinh lai xe WLTC.
5. Xir 1 va phan tich két qua.
3.2.2 Mé phéng xdc dinh ning lwong tiéu ton trung binh ciia xe
a. Biéu thirc tinh toan

Dé c6 thé tinh duoc nang luong tiéu ton trung binh ta phai dwa vao cac loai luc can
khi di chuyén trén dudong. Tt thong so céc luc cén, ta tinh dugc cong suat can tong cong
Pt nhu trén phan tinh chon motor.

Bang cach tich phan tong cong suit can theo thdi gian (trong toan bd chu ky),
ching ta c6 dugc tong murc ti€u thu nang luwong E «: [J] [20]:

E, =|P,dt (3.60)

fot

Sau khi da c6 tong niang luong tiéu t6n ta chia cho quang dudng thyc hién mo
phong la 14664 (m) [13] dé thu dugc nang lugng ti€u ton trung binh.

b. M6 hinh tinh toan:

Vi¢e tinh todn mo6 phong dugc thuc hién trén phﬁn mém Scilab/Xcos. Scilab 1a
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ng6n ngtr 1ap trinh hudng sd bac cao. Ngon ngir nay cung cap mot moi trudng 1ap trinh

din giai, véi ma tran nhu kiéu dit liéu chinh. Phdn mém nay c6 thé duoc st dung cho

xtr 1y tin hiéu, phan tich théng ké, xtr Iy anh, mo phong dong luc chat Iuu, va tdi uu hoa.
B S Xou 12 omne -0

T e *ix Yrne e tox

= WSS Dotumea 2’ e Yo e W

ey Tex

Hinh 3.12: Giao dién lam viéc cua phﬁn mém Scilab.

*.

s Xay dung mo hinh:

- Thong s6 dau vao 1a cac thong so6 tinh toan luc can ctia xe. Nhap cac thong so
nay vao chuong trinh tinh toan bang doan code sau:
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[ Vehicle-parameter.sce (C\Users\USER\Documents\Vehicle- parameter.sce) - SciMotes - O X

File Edit Format Options Window Execute 7

CEREH S 400 22,|>D &« O

motorHYH205-090s.8c € vedothimotor.sd 3¢ HVH410400V.ed 3¢ dothizaaa.sci 3
*Vehide-parameter.sce 3 WLTC.sce 3¢ UDDS.sce 3€ dothichutrinhlai.sd 3¢

wehMass = [kq]

wehg = H [m/s*2~]
vehod
vehfa

vehro =

roadSlope = 05 [rad]
roadCrr = :

[ I R R TR SR

Hinh 3.13: Nhap thong s6 xe
- Nhap chu trinh lai: Thong 5O chu trinh lai WLTC 2 ap dung cho bai toan goém
cac thong so ve thoi gian, gia toc,.... D& nhap vao moi truong tinh toén cua Scilab, dung
doan code:

;/_ witpsci (Ch\Program Files\scllab-2025.00\mp\mp T\witp.sci) - SciNotes m] x

File Edt Format Options Window Execute 7

ERER SN A00/22H 0D EIXK @

Ssd X 6sa X is0 X 30 X HVH410400v.s0 X
280 < g0 X 450 X wipso X epsd X 7.50
4 £fd, 35T, Shectnames, Shestpos
¢
7 Value,TextInd, = £d,Sheetpos
o
0 - |
", WLTC Value
14{WLT Value X
16
17 WLIC. +WLIC.

Hinh 3.14: Nhép chu trinh 141 WLTC 2
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Graphic window number 0 — 3 X
File Tools Edt 7
BIRAJ TV @ 1
Graphic window number 0 »
: WLTC 2 driving cycle
0 - ’q ”L[
) | \|
i | i‘\ M
%q, !qu[lu‘ & qul
2 A n {
HO
gt . BTN *" P 11 1 '
R 1 B
T ‘ll N
1R 1"“’ 1] AT
0 0 40 0o T'r::'ls] 1000 1200 1400 1000

Hinh 3.15: D6 thi chu trinh 14i WLTC 2 nhap vao Scilab

- Xay dung mo hinh: Mo hinh tinh todn dugc xay dung trong moi trudng Xcos
v6i1 cac khoi dugc cai dat thong s6 phu hop véi di€u kién bai toan.
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t~
.
v
L

-

Hinh 3.16: M0 hinh tinh toan nang luong ti€éu hao trung binh trong Xcos

MBS hinh so d6 khéi Xcos dugc chay trong 1477 s, 1a téng thot lugng cua chu trinh
lai WLTC 2. M(f)t, kho1 Clock duqq st dung dé tao ra budc thoi gian ’12‘1 Is. Buoc thoi
gian nay dugc thiét 1ap vi dit liéu dau vao (Chu trinh WLTC 2) dugc lay mau ¢ 1 gidy.

Vi thoi gian ldy mau 14 1 s, nghia 1a At = 1, gia toc clia xe s& dugc tinh 1a chénh
1€ch gifra gia tri toc do hién tai va gia tri toc do trude do.

Tuy thuge vao dau cta tong cong suat, chung ta co thé phén biét gitra cac giai doan
tang toc va phanh (giam toc) ctia xe. Tich phan cong suét, ddi vdi At = 1, s& cho ra ning
lugng. Nang luong tang tdc va phanh duogc tinh riéng biét va sau d6 cong lai dé cho ra
tong ning luong.

c. Gi6i thiéu cac khoi va thiét 1ap cic thong sé6 dé mo phéng tinh toan trong
mo hinh:

% Céc khbi chinh [20]:
- Khéi From workspace:
+ Nhi¢m vu: Nhan dit li¢u tir workspace 1a dir liéu WLTC.

+Y nghia: Cung cap dir liéu dau vao cho mé phong 1a tc do xe theo thoi gian
theo chu trinh 141 WLTC
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‘ Scilab Multiple Values Request X

B setFrom_Workspace block parameters

Variable name WLTC
1 |
From workspace > Interpolation method 1
[WLTC | Use zero crossing (0:No, 1:Yes)? 1
) ]

QOutput at end (0:Zero, 1:Hold, 2:Repeat) 0

[ s
I

Hinh 3.17: Nhap gia tri vao khi
- Cac khoi mo phong luc can tac dong 1én xe khi di chuyén:
+ Khbi Fslope [N]:

e Nhiém vu: Nhép biéu thirc tinh luc déc mo phong luc tac dung 1én xe do do
nghiéng cua mat dudong.

e Thiét 1ap thong s6: vehMass * vehg * sin(roadSlope).

n Scilab Multiple Values Request X

n Set Constant value block

” to
TR VR R %) ) Value | vehMass*vehg*sin(roadSlope)

Fslope [N]

OK Cancel

Hinh 3.18: Nhép gia tri vao khdi Fslope
+ Khéi Froll [N]: Nhap biéu thtrc tinh lyc can lin

l Scilab Multiple Values Request X

n Set Constant value block

Value  |vehMass*vehg*roadCrr*cos(roadSlope)

Cancel

Hinh 3.19: Nhép gia tri vao khdi Froll
- Khéi Faero:
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e Nhiém vu: Nhép biéu thtre tinh luc can khong khi

l Scilab Multiple Values Request X

B SetEXPRESSION block parameters

Give a scalar scilab expression using inputs ul, u2,...
If only one input, input is vector [u1,u2,...] (max 8)
ex: (dd*ul+sin(u2)>0)*u3

Note that here dd must be defined in the context

_( Expression : :
_ (1/2) vehro -vehed -vehfa -u1? Number of inputs 1
Faero [N] Scilab expression (1/2)*vehro*vehcd*vehfa®u1~2

Use zero-crossing (0: no, 1yes) |1

[5] | o

Hinh 3.20: Nhép gia tri vao khéi Faero
+ Khbi Faccel: Tinh Iyc gia tc
[ ]
' Scilab Multiple Values Request X
[B SetEXPRESSION block parameters

Give a scalar sclab expression using inputs ul, u2,...
If only one input, input is vector [ul,u2,...] (max 8)

= ex: (dd®ui+sin(u2)>0)*u3
( Expression : Note that here dd must be defined in the context
vehMass-ul
Facce [N] Number of inputs 1
Scilab expression vehMass*ul

Use zero-crossing (0: no, 1 yes) 1

Cancel

Hinh 3.21: Nhap gia tri vao khéi Faccel
- Cac kh6éi TOWS_c: Ghi tin hiéu vao bién trong workspace.
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*
> To workspace I
¥
_1 To workspace ]
I ’
4
> To W\O'l.ﬂd.c.‘ ]
' 5
.{ To workspace I
, L4 .
.! To workspace J
" N
b .l To workspace ]

Hinh 3.22: Cac khéi TOWS ¢
- Cac kh6i SWITCH2 m:
+ Nhiém vu:

e Acceleraton: So sanh dau vao vai 0 dé chon gilra gia tri dau vao va gia tr1 "0",
dung dé tach pha tang toc

e Braking: dung dé tach pha phanh - khi van toc giam, dau vao 4m thi méi cho tin
hiéu di qua

a=0
u2>=a :
ELoceineatihn ..[ - f n Scilab Muitiple Values Request X
» - —
o p—» 7| B setsIoi mbockparaneters
Dynamic Datatype (1=real double 2=complex 3=int32...) 1
Pass firstinputif: u2>=a (0), u2>a (1), u2~=a (2) |1
Do » \j : Threshold a 0
‘ | i
L ! - :
= | Use zero crossing: yes (1), no (0) 1
Braking
- Cancel
Dynamic
a=0 = =
u2>a
Hinh 3. 23: Nhap gia tri vao khdi SWITCH2 m
% Céac khéi phy:

+ Khéi GAINBLK: nhéan véi hé s6 K
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- e

Hinh 3.24: Khdi GAINBLK
+ Khéi DOLLAR_f: dao ham

Hinh 3.25: Khéi DOLLAR_f
+ Khoi BIGSOM_f: tong cac tin hiéu dau vao

2

Hinh 3.26: Khéi BIGSOM_f
+ Khdi PRODUCT: tich c4c tin hi¢u dau vao

I1

Hinh 3.27: Kh6éi PRODUCT
+ Khdi CLOCK _c: tao tin hiéu thoi gian thuc

&

Hinh 3.28: Khdi CLOCK ¢
+ Khdi CLKFROM va khéi CLKGOTO: Nhan va giri tin hiéu
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o

Hinh 3.29: Khéi CLKFROM va khéi CLKGOTO
d. Két qua:

- Nang luong tiéu ton trung binh:

280.1

AV G Energy Consumption
[Whikm]

Hinh 3.30: Ning luong tiéu tén trung binh

Két qua md phong tinh todn ning luong tiéu ton trung binh duoc thé hién trong
khoi AVG Energy consumption. Nang lugng ti€u ton trung binh 1a £, = 280.1(Wh / km)

. So sanh v6i cac dong xe buyt co cdu hinh twong ty nhu Vinfast EB6, BYD k7 thudc
phan khic xe minibus (7-8 m, 22-30 chd) thong thudng cé mic tiéu thy trung binh

270-350 Wh/km, ta thay két qua mo phong co gia trj hop li, dang tin cay.

- D6 thi Cong suit can tong cong:
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n Graphic window number 0 = O X
File Tools Edit ?
TR
Graphic window number 0 2>
Total drag power graph
5
o
60
80 . . :
0 200 400 600 800 1000 1200 1400 1600
Time [s]

Hinh 3.31: Cong suat can tong cong tinh theo chu trinh WLTC 2

+ Cong suit duong (P > 0): dai dién cho cong suét tiéu thu dé gia toc xe

+ Cong suat am (P < 0): dai dién cho cong suét bi mat do phanh

+ Cong suit bang 0: giai doan ding.

=> Nhan xét: ,Gié} tri cong can tdi da ‘Einh theor chu trinh WLTC 2,12‘1 80 kW, nhé

hon gia tri cong suat t0i da ma motor co6 thé cung cap dugc (90kW). Két qua tinh toan
cho thay hé thong truyén dong dugc thict ké la dap tng tot néu xe van hanh theo chu
trinh 1ai WLTC 2. Viéc lya chon motor dién 90 kW 1a hop ly, tiét kiém va dit manh, dam
bao xe hoat dong 6n dinh, an toan va hiéu qua trong moi diéu kién khai thac thuc té.

- D6 thi cong suat gia tdc, phanh va tong ning lugng.
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‘ Graphic window number 0 = O X
File Tools Edit ?
RGP @
Graphic window number 0 2
Acceleration, braking and total energy graph
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Hinh 3.32: Do thi nang lugng cho qua trinh ting toc va phanh
=> Nhan xét:
- Ning luwong cho qua trinh ting toc chiém phan 16n trong ning lugng tong, cho
thay tang toc 1a yéu to ti€u ton nhiéu ndng lugng nhat trong van hanh do thi.
- Ning luong phanh bi tiéu hao 13 dang ké, néu duoc téi tao lai s& gop phan lam
tdng hi¢u suat tong thé cua h¢ thong.
d. Tong ning lweng tiéu ton trung binh

Ngoai viéc cung cap ning luong dé xe di cl}uyén, hé théng,pin con phai cung cip
dién cho cac hé thong phu khac nhu: cac hé thong 12V, hé thong lam mat, hé thong
suoi,...

Hé thdng duoc chia thanh hai loai : loai lién tuc dén dau, dén taplo, cac thiét bi giai
tri,...) va hoat dong gidn doan (dén phanh, gat mua, xi-nhan,...).

Bang 3.5: Cong suét hé thong tiéu thy lién tuc [21].

Tai lién tuc Cong suit (W)

DPén dudi va dén hai bén 30
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Pén bién s6 10
Dén pha chinh 200
Dén cot 160
Dbén tap-16 25
Radio/ cassette/ CD 15
Téng 260
Bang 3.6: Cong suét hé thong phu gian doan [21].
Tai gian doan Cong suit (W)
May suoi 50
Céc chi s6 50
Dén phanh 40
Gat mua trude 80
Gat mua sau 50
Nang kinh dién 150
Quat dan nong 150
Motor quat thoi 80
Xong kinh sau 120
Dén noi that 10
Coi 40
ben swong mu sau 10
Dén It 40
Céc den phu 110
Rura dén pha 100
Chinh guong dién 10
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Téng cong 1100

bé tinh duoc cong suét cua cac tai gian doan ta phai nhan véi hé s6 hoat dong dugc
udc tinh khoang 10% (10% * 1100 = 110 W). Sau d6 ta cong v4i cong suat tiéu thy cua
tai lién tuc ta sé dugc cong suat tiéu ton cta cac hé théng phu: Pgyy =260+110=370
(W). Chu trinh WLTC mo6 phong trong thot gian 1477 gidy tuong duong 0.41 gio nén téng
ning luong cho cac hé théng phu trong thoi gian do s€ 1a: 370.0,41 = 151,7 (Wh).

- Vay ta c6 nang luong tiéu tén trung binh cho cac hé théng phu [21] :

1517
“* 14,664

=10,345(Wh | km) (3.61)

- Nang luong tiéu tén téng cong [3.2.3] :
w=(E,+E,)*2-1,) (3.62)

Trong dé: 7, : Hi¢u sut truyén dong tir dién ning thanh chuyén co ning. Ta chon
n,=0,95.
Thé vao cong thirc ta c6 duoc:
E,, =(280,1+10,345)*(2 - 0,95) = 304,97(Wh / km)
3.2.3 Tinh todn hé thong pin
a. Tinh toan thong s6 mét cell pin

Chon loai pin BYD LiFePO4 Blade Battery 3,2V 138Ah. BYD Blade Battery la
dong pin lithium sat phosphate (LiFePOs) thé hé mdi do BYD Auto phat trién, c¢6 uu
diém ndi bat vé do an toan, khong bdc chdy, tiét kiém khong gian va tudi tho dai 1én t6i
3000 chu ky sac sa [22].

Thong sb cua pin [22]:

Bang 3.7: Thong s6 pin BYD LiFePO4 Blade Battery 3.2V 138Ah

Hinh dang Hinh try Khéi lugng mbe (kg) 2.63
Model NCR18650B Dung lugng Cbc (Ah) 138
Chiéu dai 7, (m) 0,93 Dién 4p Ubc (V) 32
Chiéu rong 7, (m) 0,09 C-rate ( cuc dai) 3
Chiéu cao 4 (M) 0,0135 C-rate ( lién tyc) 2
C-rate ( ti uu) 0.2
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- Thé tich cta mdi cell pin (m*) duoc tinh theo cong thirc [23] :

V. =L *H, *T,_=0,93.0,09.0,0135=1,13*10"(m’) (3.63)
Trong do:
+ T,.: Chiéu rong ctia mot cell pin (m)
+ L,.: Chiéu dai ctia mét cell pin (m)
+ H, : Chiéu cao ctia mét cell pin (m)
- Nang Luogng cia mot cell pin (Wh) [3.2.5]:

E,_=C, U, =138.3,2=441,6(Wh) (3.64)

Trong do:
+ C,,: Dung lugng mét cell pin (Ah)
+ U,,: Dién ap mot cell pin (V)
- Nang luong riéng theo thé tich (Wh / m*)[30]:

U, = e _ 441’6_3 =390813(Wh/m’) (3.65)
V. 1,13.10

cc

- Nang luong riéng theo khéi lwong (Wh/kg) [30] :

U, = Er _ % =167,909(Wh/ kg) (3.66)

m,

Trong d6: m,, : khoi lugng mot cell pin (kg)
b. Tinh toan hé thong pin [23]:

bién ap cua h¢ thong pin s& quyét dinh cong suit dién t6i da ma hé pin c6 thé cung
cap lién tyc. Cong suat P duoc tinh theo cong thirc :

P=U.I (3.67)

Cong thirc nay cho ta thiy néu ta chon dién thé nho thi dong dién s€ 1on, ma dong
dién 16n thi doi hoi day dan phai c6 duong kinh l6n va hién tuong mat nhiét s& xay ra
nhiéu. Cho nén dién ap ctia hé théng pin phai cao dé khéc phuc diéu nay. Trong truong
hop nay ta s& chon dién ap danh dinh cua hé thong pin U,, =500.

Theo diéu kién 1am viéc cua xe Danabus, mdi xe buyt van hanh trung binh 8 chuyén
mdi ngdy, mdi chuyén dai 20 km, twong duong 160 km/ngay. Dé giit do bén ciing nhu
an toan cho pin, quing dudng nay chi nén tiéu thy hét 80% dung lwong pin. Tir d6 suy
ra, 100% pin c6 thé dap tmg quing duong tbi da 1a 200 km.

Tuy nhién, dé dam bao hé sb an toan van hanh, bu trir cac yéu t6 thue té nhu diéu
hoa, tai trong, doc duong, va hao hut theo thoi gian, hé thong duogc thiét ké véi quang
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duong toi da sau mot 1an sac day 1a 230 km. Mtrc nay dam bao xe c6 thé hoan thanh lich
trinh ngay binh thuong ma khong can sac nhanh giita ngay, dong thoi van con du dy
phong cho céc tinh hudng khan cap hoic thay ddi 16 trinh dot xuat.

Gia thiét rang quing duong t6i da di duoc trong mot 1an sac 1a D, = 230km . Nang
lrong ma hé théng pin can cung cap dé di hét quing dudng D, :

E, =E,,.D, =304,97.230 = 70142,48(Wh) (3.68)
- S6 cell pin mic nbi tiép N duoc tinh theo cong thic :

U
N =—12= 200 156,25 (3.69)
U, 32

=> Vi s cell pin phai 1a s6 nguyén 16n nhét nén ta chon N =160
- Ta s& c6 duogc dién 4p cua hé thong pin :
U, =N,U, =160.3,2=512(F) (3.70)
- Ning luong ctia mot chudi cell nbi tiép E, (Wh) dugc tinh theo cong thurc :
E,_=N_E, =160.441,6 =70656(Wh) 3.71)
- S6 chudi ndi tiép mac song song N, dugc tinh theo cong thirc

E
N, =—2= 70142,48 _ 0,9927 (3.72)
E_ 70656

- Vi s6 chudi mic song song phai 1a s6 nguyén nén ta phai 1am tron dén sd nguyén
16n nhat, N,  =1. Khi d6 ching ta phai tinh lai ning luong cta hé thong pin theo chudi
s6 mac song song mai:

E, =N, .E, =1.70656 = 70656(Wh) (3.73)

- Trong thuc té thi dung luong pin st dung va quing duong di chuyén trong 1 1an
sac chi chiém khoang 80%, :

E =E,,.80%=70656.80%=56524,8Wh)

bp(tt)

D, =D, 80% =230.80% =184(km)

V(i)
- Dung lugng cta hé thdng pin C,,(4h) dugce tinh theo cong thirc:

C,, = N,,.C,. =1.138 =138(4h) (3.74)
- S6 cell pin c6 trong hé thong pin N,
N,=N, .N_ =1.160=160 (3.75)

- Dong xa cuc dai ctia mot chudi 7 (A):

spc
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1, =C-rate, C, =3.138=414(A) (3.76)
- Dong xa cuc dai cua hé thdng pin 7 o (A
1, =1,.N, =414.1=414(4) (3.77)
- Cong suat cuc dai ciia hé théng pin B, (W):
B, =1,,U, =414.512=211968(W) =211,968(kW) (3.78)
- Dong x4 lién tuc ctia mot chudi 7, (A) :
I . .=C-rate,.C, =2.138=276(A) (3.79)
- Dong x4 lién tuc ctia hé thong pin 7 ppe (A
1,.=1_.N, =276.1=276(A) (3.80)
- Cong suat lién tuc ctia hé thong pin P, (W):
B, =1,.U, =276.512=141312(W) = 141,312(kW) (3.81)
- Dong x4 toi wu ciia mot chudi 7, (A):
I, =C-rate,.C, =0,2.138=27,6(A) (3.82)
- Dong x4 ti wu ciia hé thong pin 7, (A) :
I, =1,.N, =27,6.1=27,6(A) (3.83)
- Cong suat ti wu ctia hé théng pin P, .(W):
B, =1,.U, =27,6512=14131,2(W) =14,1312(kW) (3.84)
- Khdi lvong cua ca hé théng pin m,, (kg):
m,, =m,..N,, =2,63.157 = 420,8(kg) (3.85)
- Thé tich ctia ca hé thong pin ¥, (m’):
Vip =V oooN, =1,13.107.160 = 0,181(m") (3.86)
- Cong sut nhiét can tan Q :
+ Cong suit dién:
P=U, I, =3,2.276=883,2(W) (3.87)
+ Gia st hiéu suit 95%, ton thit chuyén thanh nhiét:
O =P.0,05=883,2.0,05=44,2(W / cell) (3.88)
0, =0.N_, =883,6.160 =141376(W) (3.89)
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Lya chon h¢ thong lam mat pin: H¢ thng pin 500V cé cong suat va mat do ning
lwong cao, duoc thiét ké dé cung cip ning luong cho xe buyt dién van hanh lién tuc
trong thoi gian dai va quang duong 1on. Khi hoat dong ¢ cong suat cao, dic biét trong
diéu kién thoi tiét nang noéng hoic tai ning, pin phat sinh luong nhiét 1on. Néu khong
dugc lam mat hi€u qua, nhiét d6 cao s€ anh huong dén hiéu suét, tudi tho va an toan cta
pin. Vi vay can chon mot hé thong lam mat hiéu qua

=> Lya chon phuong phap 1am mat bang chat long

- Tinh luu luong chat 16ng dung dé tan nhiét:

+ Nhi¢t dung riéng glycol/water (50/50): C, =3500(J / kg.K)

+ AT: Chénh léch nhiét d6 chat 16ng ra vao (5-10°C): AT =10°C

<0 141376
AT.C,  3500.10

= 4,04(kg / s) = 242,36(L / phiit) (3.90)

3.3 Lwa chon hé théng diéu khién
3.3.1 Tong quan hé théng diéu khién

Cau chi,
cdng tac

Inverter Motor

p
&Y

m‘; —
— 1
Vehicle

Pin DC-DC Control
=LV isolated CAN wiring

Unit
: ‘ (VCU)
= HV bus wiring

Hinh 3.33: So d6 hé thong diéu khién don gian [24]

—_— = LV control wiring
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Hinh 3.34: So dd khéi VCU [25]

Nguoi 1ai nhan ban dap ga — cam bién truyén tin hiéu analog vao VCU, VCU
chuyén d6i tin hiéu qua A/D, xur 1y, tinh toAn moment/téc d6 yéu cau, giri 1énh dén
MCU/Inverter qua CAN bus.. Dong thoi, diéu khién céc relay (quat, bom), hién thi thong
s6 1én man hinh, Nhan lai phan héi (tbc d6 dong co, dong pin, 16i hé thdng) tir cac ECU,
dir liéu c6 thé duoc luu, giri qua WiFi/Bluetooth dén hé thdng giam sat tir xa.

Motor

Unit

Hinh 3.35: So db khi MCU [26]

Nguoi lai nhap 1€nh (ga, phanh, tién/lﬁi), tin hi¢u dugc dua vao bo xur 1y trung tdm
(Microcontroller), bd xt Iy nhan thém théng tin tir cam bién dong co va tir VCU, dua
trén thuat toan, bd xu ly diéu khién Power Controller dé cép dién cho dong co, Bong co
hoat dong — xe chuyén dong, cam bién phan hdi dit liéu — diéu chinh theo vong kin.
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3.3.2 H¢ thong quan Iy diéu khién VCU (Vehicle Control Unit):

Bo diéu khién xe 12 mot thiét bi dién tir trong xe di¢n, dong vai tro 1a by ndo cua
hé thong dién cua xe, gidm sat va di€u chinh nhi€u hé thong con khac nhau, bao gom hé
thong truyén dong dong co, quan 1y pin, quan ly nhiét va h¢ thong tai tao nang luong,
dé dam bao chiing hoat dong hi¢u qua va hai hoa.

®.

« Churc nang cua VCU:

- Tich hop va Quan ly cac Thanh phan Hé thong Truyén dong: VCU quan ly viéc
tich hop nhiéu thanh phan hé thong truyen dong khac nhau, phan bé mé-men xoan, quan
1y qua trinh chuyén ddi giira cac ché d6 1ai khac nhau.

- Quan 1y ning luong va hiéu qua: tdi wu hoa viéc sir dung ning lugng va ting
pham vi hoat dong cta xe, gidm sat cac h¢ thong sac va phanh tai tao, gop phan vao hi¢u
qua nang lugng cua xe.

- H¢ théng an toan va dong luc hoc xe: lién tuc theo doi cac hé théng cua xe, phat
hién bat ky bat thuong hoac tryc tric nao, ddm bao rang tat ca cac thanh phan cua xe
hoat dong chinh xac va hi€u qua, gép phan vao sy an toan chung cua xe.

- Lva chon by VCU Ecotron EV22297A:

a:lmom’

T
'd
2 — | \L
d
e

Hinh 3.36: VCU Ecotron EV 22297A [27]
Béng 3.8: Thong s6 VCU Ecotron EV 22297A [27]

U‘fi CRRVEL

Chip chinh Infineon TC297TP: 300MHZ, Flash
8M, SRAM 728KB
Chip giam sat SBC: TLF35584QVVS2
Dién 4p cung cap Dién ap mot chidu 12V/24V
Dién ap dinh Dién ap mot chiéu 36V
CAN BUS 4 kénh
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LIN BUS 1 kénh
Nhié¢t do hoat dong -40 ~ +85°C
Loai bao vé IP67

S6 PIN 121 Pin
Kich thudc 250%x194x37mm
Khéi luong 700g

VCU Ecotron EV 22297A c¢6 nhiéu vu diém vuot troi nhu:

Ecotron VCU duoc thiét ké theo tiéu chuan an toan chirc nang 1S026262 va di
kém v61 mot chip chinh va mot chip gidm sat tich hgp dé€ gidm sat an toan.

Ecotron VCU di kém v&i phan mém co ban, hay BSW, hd tro tit ca cac trinh
di€u khién dau vao / dau ra thong thuong cho céc di¢u khién xe.

Ecotron VCU di kém véi cong cu 1ap trinh lai dua trén bus CAN va vdi cac giao
thirc dugc cau hinh dung.

3.3.3 Hé thong diéu khién dgng co dién MCU (Motor Control Unit)

Bo diéu khién dong co dong vai tro 13 trung tim diéu khién cho dong co cua xe
dién, thuc hién mét sb chirc nang quan trong dé dam bao 1ai xe tron tru va hiéu qua.
Nhiém vu chinh ctia n6 1a chuyén doi dong dién mot chiéu (DC) do pin cung cp thanh
dong dién xoay chiéu ba pha (AC) dé diéu khién dong co.

Chtrc nang cua MCU:

Kiém soat mod-men xodn va tbc do cua dong co.
Bat va tat dong co.

bao ngugc hudng cua dong co.

Phanh tai tao: Trong qua trinh phanh, dong co hoat dong nhu mét may phat dién
vi lye dién dong nguoc cua nd vuot qua dién ap cung cap DC cua MCU. Sy
chénh léch dién thé nay khién dong dién tir dong co sac cho ic quy thong qua
Bo diéu khién dong co xe.

=> Luwa chon bd MCU Sevcon Gen4 Size 10:
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Hinh 3.37: MCU Sevcon Gen4 Size 10 [24]
- Thong s6 MCU Sevcon Gen4 Size 10:
e Dién 4p hoat dong: 50 V dén 800 V DC

e Dong pha dau ra ciia dong co: 400 A rms (trong 2 phut), 200 A rms (lién tuc)
e Dong dinh: Lén t61 450 A rms

e (Cong suit dinh: Lén dén 300 kW

e (Cong suit lién tuc: Lén dén 150 kW

e Lam mat: Bing nudc

e Khdi luong: 10.9 kg

e Phuong thiic giao tiép: Giao tiép qua CAN, hd trg CANopen va J1939.

e Dién 4p logic 12 V hodc 24 V

% Céc thanh phan va chiic ning chinh cta bo Sevcon Gen4 size 10:
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Inverter power stage

Y

Gend size10: 500V

Gate drives Current and
and voltage
Isolati protection measurement
R ARTES h i s T Y ) R oid
barrier
12V or
24Vin
Control power
supplies
Control logic and processor
110 = »
CAN bus >
Encoder - >

Hinh 3.38: So d6 mach dién trong Sevcon Gen4 size 10 [24]
- Inverter power stage (Khdi cong suit bién tan):
+ Chuyén d6i dién DC tir pin thanh dién AC dé cung cap cho motor dién.
+ Dién 4p hoat dong: 500 VDC
- Gate drives and protection circuits (Mach diéu khién cong va bao vé):
+ Piéu khién cac transistor cong suat (IGBT/MOSFET) cta khdi cong suat.
+ C6 chirc ning bao vé ngan mach va chong hu hai cho transistor.
- Current and voltage measurement (Do dong va dién ap):
+ Po dong dién va dién ap tir khdi cong suét.
+ Cung cap thong tin quan trong cho bd xur 1y dé giam sat va bao vé hé thong (phat
hién qua dong, qua ap...).
+ Pugc cach ly véi phan diéu khién logic qua isolation barrier (rao cach ly).
- Control logic and processor (B9 xir Iy diéu khién):
+La “bd ndo” diéu khién inverter.
+ X1r 1y tin hiéu tir encoder, CAN bus, va cac ngo vao I/O.
+ Piéu khién trinh tw dong/mé transistor thong qua mach gate drive.
+ Giao tiép voi hé thong bén ngoai (VCU, BMS...) qua CAN bus.
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+ Vi xu ly (microprocessor) va DSP (digital signal processor) ddm nhiém viéc tinh
todn dicu khién.

- Control power supplies (Nguéq dié}l khién): Chuyén df)i nguf)n dién 12V hoac
24V dau vao thanh cac muc dién ap thap can thiét cho phan di€u khién logic.

- Cac giao di¢n vao/ra (I/0):

+1/0: Ngd vao/ra sd va tuong tu.

+ CAN bus: Giao tiép truyén thong véi hé thong xe.

+ Encoder: Nhan tin hiéu phan hoi vi tri/tbe do cua dong co.

- Isolation barrier (Rao cach ly):

+ Bao vé phan diéu khién logic khoi nhiéu dién va sy ¢ tir phia cong suat.
+ Dam bdo an toan cho bd vi xur Iy va nguoi str dung.

- Logic di€u khién: phan mém chay trén mach vi xur ly va DSP v6i cdc mach dau
vao va dau ra cho dau vao tuong ty va k¥ thuat s6, bd ma hda, bus CAN va dau ra tuong
tu.

< Céc bién phdp an toan ma B Piéu Khién Pong Co (Vehicle Motor Control
Unit - MCU) str dung dé€ bao vé cac linh ki¢n trong xe dién (EV):

- Overvoltage — Qua ap

e MCU lién tuc giam sat dién 4p dau vao tir pin thong qua bd do ADC (Analog-
to-Digital Converter).

e Néu dién ap vuot qua giéi han cho phép (vi du 800V dbi voi b diéu khién
Sevcor} Gep4 Size IQ), MCU s€: Kich hoatbéo vé cung (hardware cut-off) hoac
giam tan so diéu khién dé han ché cong suat tiéu thuy.

e Trong trudng hop nghiém trong, MCU c6 thé ngat két ndi pin qua contactor dé
bao v¢ toan bg hé thong.

- Under voltage — Sut ap: Khi dién ap pin xudng dudi murc tdi thiéu an toan (<50V
vo1 Sevceon Gend), MCU:

e (o thé phat hién qua dién ap dau vao sut giam.

e Néu van cb ging hoat dong, s& x4 sdu pin, 1am ting ndi tré va giam tudi tho.
e MCU s¢ tu dong tat hodc giam tai, dam bao pin khong bi ton hai 1au dai.

- Overcurrent — Qué dong

e Cam bién dong (shunt hodc Hall sensor) theo ddi dong dién lién tuc.

e Khi dong vuot ngudng (>450 A rms giéi voi Seveon Gend), MCU: kich hoat
ché dg bao vé ngay lap tirc: Co theé ngat mach (qua contactor), hodc diéu chinh
di€u khién mo-to dé giam dong (gidm moment).

- Overheating — Qua nhiét
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e  Céic cam bién nhiét do duogc dat tai nhidu diém trong bo diéu khién (IGBT, PCB,
bo tan nhiét).

e Khi phat hién nhiét d§ vuot qua murc an toan (>100°C cho IGBT):

e MCU s& giam cong suat dau ra (derating).

e Néu qua nhiét nghiém trong, hé thdng s& ngét hoan toan dé tranh chay nd.

% Cai dat thong sé diéuq khién: sir dung phan mém DVT chuyén dung dé cai dat
cac thong so6 diéu khién trong MCU.

.-: W amven DFT - Custamer Varson - Raats 332121

Fin B4k (AN Wndses wehck v He
WA S B v e RI e
| =i® - CA Wi s

[ Contiguainn Helges

|C gty XK st 1o detect CAN alipter | AN B ,"‘.""‘
Hinh 3.39: Phan mém DVT cai dit thong sb diéu khién motor [28]
- Toc d tbi da: 60 km/h
Bang 3.9: Thong s6 cai dit toc do trong phan mém DVT

Muc Gia tri dé xuat

Max Motor Speed | 7000-8000 rpm

Voltage Nominal | 500V

Max Frequency ~200 Hz

- Phanh tai tao:
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Bang 3.10: Thong sd cai dit phanh tai tao

Thong sb Gia trj dé xuat Giai thich
Regen Torque -40% moé-men cuc | Cho cam gidc ham rd rang nhung khong
Limit dai cuia dong co qua gat
Braking Current 150 -200 A G161 han dong tai tao khong gay qua tai
Limit pin/BMS
Regen Ramp 1.5 -2 giay Phanh muot, tranh giat khi bat dau tai
Time tao
Regen Enable TRUE Bat chuc nang tai tao
Minimum Speed | 5 — 10 km/h T4t tai tao dudi ngudng nay dé tranh
for Regen dirng d6t ngot khi xe gan dirng han

3.3.4 Cdc tin hiéu dau vao
T Khéi Switch Inputs: nhitng tin hiéu s6 dang ON/OFF (digital), duoc giri ti VCU
deé thong bdo trang thai van hanh cua xe.

+ Khdi Key Signal: Bat/tat toan bo hé thong diéu khién xe. Khi nguoi dung bat
khoa — VCU nhén tin hiéu ON (logic high) — bat dau khoi tao hé thong. Kich hoat
contactor, bat inverter, chuan bi san sang dong co.

+ Khdi Gear Signal: Thuc hién trang thai van hanh xe theo 3 ché do D,N,R; cong
tac 3 vi tri — tin hiéu dang logic dugc gui dén VCU.

e Drive (D): MCU diéu khién motor quay tién.
e Reverse (R): MCU diéu khién mtor quay lui.
e Neutral (N): BPdng co khong sinh moment.

+ Khéi Brake Signal: Phat hién nguoi 1ai dang dap phanh — hd tro tai sinh, cho
phep chuyén s6, cho phép chuyén tir Drive <> Reverse, kich hoat phanh tai sinh néu
dang di chuyén.

+ Khdi Analog Inputs: VCU st dung b chuyén d6i A/D (Analog to Digital
Converter) dé bién doi tin hiéu nay thanh s6 (digital) — phuc vu xir 1y logic diéu khién.

+ Khdi Accelerator Pedal: La cam bién ban dap ga, khi ngudi 1ai nhan ban dap ga
— dién 4p dau ra thay doi tuyén tinh tr khoang 0.5V — 4.5V, VCU dung A/D converter
dé doc gia tri va xac dinh muc ting téc yéu cau.
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BAD ACCELERATOR PEDAL
POSITION
SENSOR SYMPTOMS

Hinh 3.40: Cam bién vi tri ban dap ga [29]

+ Khbi Brake Pedal: Tuong ty cam bién ga: dién ép’déu ra thay df)i theo do nhan
ban dap. Mot s h¢ thong dung cong tac phanh ON/OFF két hgp cam bién &p suat phanh

cho tai sinh.

Hinh 3.41: Cam bién ban dap phanh [30]

+ Khéi Battery Voltage: Mach chuyén fiéi dién ap pin HV — dai tin hiéu analog,
dua vao A/D Converter bén trong VCU d€ s6 hoa.

Hinh 3.42: Cam bién dong/ap ctia hé thong pin [31]
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- Cac cam bién gui dén VCU:

+ Cam bién nhiét do: Giam sat nhiét d6 motor, inverter, pin; kich hoat quat lam
mat, gid1 han moment, bao 161 khi nhi¢t d¢ cao.

Hinh 3.43: Cam bién nhiét d¢ [32]

+ Cam bién giam sat 16i hé théng: Gitp VCU nhan biét trang thai 18i cua thiét bi
ngoai vi, VCU s€ ghi log, hién canh bao hoac chuyén sang ché d¢ an toan (safe mode).

Hinh 3.44: Cam bién giam sat 16i hé thong [33]

+ Cam bién tdc do6 Motor: Dung dé do tdc d6 quay cua truc motor va giri théng tin
nay vé bo diéu khién (MCU/VCU) nham diéu chinh dién ap/tin sb dau ra tir inverter,
diéu khién cong sudt phu hop vdi tai, bao vé motor (ngin qua tdc), hd tro phanh tai tao
(regenerative braking)
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Hinh 3.45: Cam bién toc d6 motor [34]
3.4 Tinh toan hé thong sac
3.4.1 Théng so tinh todn

- Thong sb pin:

e Dung lugng pin: Cyy=138 AhC

e Dién 4p danh dinh: Up,=500 V

e (Cong suat cuc dai hé pin: Py, = 138.662 kW

e Sb cell pin: 160 cell

e Ning luong kha dung cta hé théng pin: Evp = 71 kWh
- Quing dudng di duoc trong 1 1an sac: 230 km.
- Cong suat tiéu thu trung binh cua xe: 14,7 Wh/km

Vi xe Danabus hoat dong trong thanh phd theo cac tuyén cb dinh, trung binh mot
xe chay khoang n =9 chuyén va khoang cach trung binh cua cac tuyén la dw =20 +25
km [11]. Nén ta c6 quang duong trung binh 1 ngay xe di chuyén la:

S, =d,.n=259=225(km/ ngay) 3.91)
3.4.2 Tinh todn céng suit sac

Dura vao nang luong tiéu thy trung binh cua xe va kha nang cung cap nang lugng
cua hé thong pin, khoang cach di chuyén t61 da trong 1 lan sac cua xe 1a 230 km. Ta thay
quang duong ma xe can di chuyén trong 1 ngay thap hon kha nang di chuyén cta xe. Vi
vay, xe chi can sac 1 1an l1a da hoat dong trong ngay.

Thoi gian hoat dong cua xe chi yéu 1 vao ban ngay, thoi gian con lai xe thuong
dung & bai dau. Vi vay, dé t61 uu chi phi va d0 bén pin, Iya chon phuong 4n sac cham
qua dém vd&i thoi gian sac dai.
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- Cong suat bo sac cham:
E

—K (3.92)

P =
L.,

sc

Trong do:

+ Epp — Dung lugng kha dung ctia b pin, Epp= 71 (kWh)
+ t; — Thot gian sac, ts= 8 (h)

+ u - Hiéu suét sac, u,=0,9

E 71
=P = —M - =9,86(kW)
t.u, 80,9
Vay chon bd sac cham AC c6 cong suét danh dinh khoang 10 kW.

Tuy nhién, trong qua trinh van hanh van ¢6 nhiéu truong hop cé}n tinh to1 nhu hét
pin gitra chuyén, 101 pin, hyt pin do ket xe, tang chuyén... Vi vay can bo sung bo sac
nhanh c6 cong suat 16n trong trudng hop khan cap.

- Luong dién can cung cap khi sac nhanh tir 0% - 80% la:

E, =80%.E,, =80%.71=56,8(kWh) (3.93)

- Cong suét bo sac nhanh:
F, = tz—u (3.94)
Trong do:

+ Ecn — Dung luong can cung cip khi sac nhanh, Ecn= 55,2 (kWh)
+ t; — Thoi gian sac, ts=1 (h)
+ u - Hiéu suét sac, u#.=09

E
=B, == s =61

Vay chon bd sac nhanh DC c¢6 cong suét danh dinh khoang 60kW.
3.4.3 Lwa chon chudn sac

Lya chon chuan sac: c6 2 phuong an 1a sir dung 2 cong sac hoac 1 cong sac ho trg
sac ca AC va DC.
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CHUAN PAU SAC XE PIEN
EV Charging Connector Types

Phich cam
o @ @ @ 2@
AC
AC O cam &
Socket pC
Type 1 Type 2 GB/T Tesla
ChauAu  Trung Quéc  Nhit Ban

Phich cam
Plug

DC 0 cém
Socket

CCs1 CCS 2 GB/T CHAdeMO

Hinh 3.46: Cac loai chuan sac danh cho xe dién [35]

=> Lwa chon chuan sac CCS Type 2. Chuan sac CCS Type 2 danh cho dién luoi
220V, pho bién tai Chau Au va cac qudc gia trén thé giéi. Hinh thuc sac nay can co tram
sac — xudt hién pho bién tai cac diém sac cong cong & chung cu va bai dd xe. Chuén sac
CCS két hop céc dau vao cho ca AC va DC bang cac chan giao tiép dung chung. Bang
cach d6, 6 cam sac danh cho 6 t6 dugc trang bi CCS s& nho hon khong gian twong duong
can thiét cho 6 cam CHAdeMO hoic GB/T DC cung véi 6 cam AC.

3.4.4 Lwa chon thiét bi cho phwong dn sac chim

- Lva chon b0 sac cham: B§ sac cham treo tuwong Vinfast 11kW

Hinh 3.47: B6 sac cham AC treo tuong Vinfast 11kW
Thong s6 ki thuat:
e Dién ap dau vao: 3 pha, 400VAC+10%.
e Tan s6 dau vao: 50 Hz/60 Hz.
e Dién ap dau ra: 400VAC£10%
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e Tan s6 dau ra: 50 Hz/60 Hz.
e (Cong suat sac: Toi da 11kW
e SO luong dau ra: 1 céng/trl_l sac.
e Bao vé: Qua ap/ thip ap/ dong rd/ qua tai/ qua nhiét/ mat két nbi dat.
- Lya chon b On-board Chargers OVAR 11kW:

OVAR

Hinh 3.48: On-board chargers OVAR 11kW
Thong sb ky thuat:
e Ngudn vao AC: 220/380 VAC
e Dai dién ap dau ra DC: 200-750 VDC
e Dong daura DC: 0-20 A
e (Congsuit daura: 11 kW

e Lam mat: Lam mat bang chat 1ong
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CHUONG 4: TINH TOAN KIEM NGHIEM HE THONG PHANH, HE
THONG TREO

4.1 Thong s6 k¥ thuat sau cai tién

Kiém tra ty 1& khdi luong ciia hé théng truyén dong so véi khdi luong xe. Dya vao
thong so k¥ thuat ctia nha san xuat ta coé:

+m; = 50 kg: khéi luong ciia dong co dién
+my =11 kg: khoi lugng cua bo inverter
+ m3 = 420 kg: khdi lugng pin

+ m4 = 66 kg: khoi lwong hop giam tdc

- Nhu vay, tong khoi lugng ciia hé thong truyén dong dién:

m, +m, +m, +m, =547(kg) 4.1)
- Ty s6 khéi luong:
A= 2% 100210,96(%) < 30(%) 4.2)
m, 4990

Trong d6: Trong tai toan xe mo = 4990 (kg)
Nhu vay ty 1é dat yéu cau.
Béng 4.1: Khdi lugng cac thanh phan khi chuyén doi

Khoi Lwong bo ra
Dbong co 214 kg
Banh da 15 kg
Ly hop 20 kg
Céc cam bién 5 kg
Hop s6 112 kg
Hé thong lam mat 60 kg
Heé thdng nhién licu 30 kg
B diéu khién ecu va ecm 10 kg
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Téng khdi lwong 467 kg

Nhu viy trong qua trinh cai tao xe Danabus truyén thong chuyén sang xe dién
BEV ta loai b6 cai phan khong lién quan dén viéc cai tién thay vao d6 ta thém vao cac
linh kién quan trong cho viéc chuyen sang xe dién, tir két qua trén cho ta thy kh01 lugng
b6 ra bao gdm cac thanh phan tong cong la 467 kg, phan khoi lugng thém vao téng cong
13 547 kg ta thdy su chénh léch vé khéi luong 1a 80 kg sau cai tién.

Bang 4.2: Thong s6 khéi luong xe Danabus sau cai tién

Thong s Ky hi¢u | Gid tri Pon vi
Trong luong ban than Go 3300 Kg
Phan bd trén cau trude Goi 1320 Kg
Phan bd trén cau sau Go2 1980 Kg
Trong luong toan bd Go 5070 Kg
Phan bd trén cau trude Gl 2028 Kg
Phan bd trén ciu sau G2 3042 Kg
Chiéu dai co s L0 3950 mm

4.2. Tinh toan thiét ké hé thong phanh

~ He thong phanh dugc tinh toan va thiét ké theo giao trinh “Thiét ké tinh toan heé
thong phanh 6 t6” cia TS. Lé Van Tuy. [36]

4.2.1 M6 men phanh yéu cau o cdc co cdu

Viét phuong trinh cin bang mo-men khi xe dung yén ta co toa do trong tam xe
theo chiéu doc a, b:

L,Z =bG, 4.3)
Suy ra:
b L,Z,
Ga
Trong do:

+ G, la trong luong toan bo cua xe: G, =49736,7(N)
+ Z, 1a phan luc phap tuyén & cau trude khi xe dimg yén:

Z, =G, =G,.0,4=49736,7.0,4 =19894,68(N)
+ Lo 1a chiéu dai co sé cta xe. Lo = 3950 (mm)

~19894,68.3950
49736,7

a=L,—b=3950—1580 = 2370(mm) (4.4)

=1580(mm)
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Hinh 4.1: So db tinh toan lyc tic dung 1én 6 t6 khi phanh.

Trong lugng bam & mdi banh xe Gux chinh bang phan lyc phéap tuyén Z tai banh
xe khi phanh. Khi 6t6 dugc phanh khan cap voi toc do bat ky cho dén khi dung han
(v=0) thi gia toc phanh cuc dai c6 thé dugc xac dinh tir luc quan tinh 16n nhat khi
phanh P,. Sau khi bién d6i ta c6 trong lugng bam & mdi banh xe trudce, sau:

Ga
G, = A (b+h,6,) 4.5)
G
bx2 — La ‘(a - hg'ebx) (4'6)
=0

Trong do: h,: chiéu cao trong tdm ciia xe
@, - hé s6 bam gitta 16p véi mit duong khi 6t6 dugce phanh khan cap

Vi hé thdng phanh khong trang bi hé thdng kiém soat va diéu chinh d6 truot banh
xe (xe khong c6 trang bi hé thong chong him cing banh xe ABS — Anti-lock Brake
System, hay trang bi hé thong phanh diéu khién dién tir EBS - Electronic Brake System)
thi hé s6 bam khi phanh khan cap chi c6 thé dat duoc [3.3.14]:

@, ~(0,75+0,8).p, .. ~0,56+0,68 4.7)
Ta c6 thé chon ¢, =0,6.
Chiéu cao trong tam xe khi khong tai:
h,° =(0,39£0,02).H =0,39.2720 =1060,8(mm) =1,068(m) (4.8)
Trong d6: H : chiéu cao cia xe, (m)
Chiéu cao trong tam xe khi day tai:

h, =(1,03+0,02).4,° =1,03.1,068 = 1,0962(m) (4.9)
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Phan luc phap tuyén tac dung 1én cac banh xe trudc/sau khi phanh khan cép:

G 49736,7
G, =—*.(b+h,6,)=———(1580+1096,2.0,6) =14075(N
bxl1 2L ( fed bx) 239 ( ) ( )

0

G 49736,7
G .=—2(a-h 0 —————.(2370-1096,2.0,6) =10794
m2 =5 (a - ) = 23950 ( )= (N)

0

Suy ra luc phanh yéu cau & moéi banh xe trudc, sau la:

B =G, .0, =14075.0,6 =8445(N) (4.10)
P.=G,,.0, =10794.0,6 = 6476(N) 4.11)
Bén kinh banh xe: Banh xe ¢6 thong sd: 195/75R16C
(16254
r,=0,75.B +% = 0,75.0,195+ % = 0,349(m) (4.12)
Ab: Hé sb bién dang cua lép, A =10,945 + 0,95
r,. =1y.4, =0,349.0,95 = 0,33(m) (4.13)
Mo6-men phanh yéu cau & mdi banh xe trudc/sau la:
M, =P .1, =8445.0,33 =2800(N.m) 4.14)
M,,=PF_.r, =6476.0,33 =2147(N.m) (4.15)

4.2.2 H¢ 56 phén bé lwc phanh lén cdc truc bdnh xe

Thuc té mo-men phanh sinh ra ¢ cac banh xe la do co cAu phanh ldp dit & banh xe
sinh ra. Co cdu phanh ¢ cac banh xe c6 nhiéu kiéu va vi vay noi chung trén mét chiéc
xe ¢6 thé ¢ cac co cu phanh khac nhau ddi véi cac truc banh xe trudc va truc banh xe
sau. Ngay ca khi kiéu co cau phanh gidng nhau nhung két cau va kich thudc cu thé van
c6 thé khac nhau tiy theo mé-men phanh yéu cau phan bd trén cac truc.

~ Vivay, dé c6 co so chon co cdu phanh hop 1y, trude hét can tinh toan danh gia ty
s0 phan bo mo-men phanh (hay lyc phanh) 1én truc trudc va truc sau theo hé s6 phan bo
luc phanh K> nhu sau [3.3.14]:
(b+h,06,)

K — bx1 — bx1 — (4.16)
v M,, £, (a_hg'ebx)

Thé cac sb liéu da tinh
2800

K,="""=1304
2147

Vi xe du lich do phan b tai trong tinh Ién truc trudc va truc sau gr:in br:ing nhau,
nén h¢ s6 phan bo lyc phanh K12 =1,304> 1 1a hop ly.
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4.2.3 Ap dung cho kiéu co cdu phanh dia
a. Mé-men phanh do co cAu phanh sinh ra va lwc ép yéu cau

Sau khi chon kiéu va loai co ciu phanh, ta tinh c4c thong sb6 co ban nhu md-men
phanh va lyc ép. Cach tinh phu thudc vao loai co cdu phanh di chon. Phanh dia ¢ céu
trudc va sau thuong co ranh thong gio va ép boi hai xy lanh don. Phanh dia c6 co ciu
ép dbi xung, tao ra mo-men ma sat bang nhau tir hai ma phanh do 4p luc dau tir hai
piston ddi xing.

Hinh 4.2: Co cdu phanh kiéu dia c6 ranh 1am mat
13- Dia ma sat; 14- Gia kep xy-lanh; 15 — ranh lam mat.

Momen phanh do co cau phanh sinh ra ¢ cau trude, sau la:

2 R’-R/

M, =F.u 3 —R g 4.17)
2 R’-R’

M, =P, 2 s 4.18
u3 R le) (4.18)

Néu xem cac luc ép Pi va P2 1a nhu nhau va bang luc ép P cta piston thi mo-men
phanh tong cong do hai mé phanh tao ra cho dia phanh dugc xac dinh bang:

2 R’-R’
3°R’-R’
Trong d6 R, la duong kinh ngoai cua dia R, ¢ thé duoc chon twong tir ban kinh

M,=2.Pu— (4.19)
tang trong hodc c6 thé chon 16n hon doi chiit:
=(0,4+0,5).7,, (4.20)
= R, =0,5.5,, =0.5.0,332 = 0,166(m)
Con R; 12 ban kinh trong ctia dia phanh, chung c6 thé dugc chon theo kinh nghiém:
=(0,52+0,73)R, (4.21)
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Bang cach tinh lip theo cac diéu kién giéi han trong qua trinh thiét ké, c6 thé chon:
R, =0,52.R, =0,52.0,166 = 0,086(m)
R, =0,58.R, =0,58.0,17 = 0,96(m)
2 12 hé s6 ma sat ctia phanh, dia phanh lam tir vat liéu hop kim AlSil2 nén
1 =(0,3+0,41), chon 1 =0,41

Suy ra cong thire tinh céc luc ép yéu cau P dbi voi co cdu phanh kiéu dia dugc xéac
dinh nhu sau:
3 M, R’-R}

P==—L
4 u (R23—R13

(4.22)

+ Co cau phanh trude:

3 bel ~R>2. 32800 0,166 —0,086>
Pl ( )_ ( 3 3
470,41 0,166° —0,086

=26229,57(N
4 R’-R/ ) ()

+ Co cau phanh sau:

3 M, R’-R’ 3 2147 0,166 -0,096"

== bx2 —
>4 7 (R R3) 4 0,41 (01663 0,096

) =19534,31(N)

b. Tinh toan xac dinh bé rong ma phanh:

Bé rong ma phanh xac dinh dién tich 1am viéc khi ép 1én dia. Tang bé rong ma
phanh lam giam ap luc trén mot don vi dién tich, gidm mai mon va nhiét sinh ra khi
phanh. Tuy nhién, néu bé rong qua 16n, ap luc khong dong déu s& gdy mon khéng déu
va giam hi¢u qua phanh.

Khi cac thong s6 khac d3 dugc chon va xéc’dinh theo mo-men yéu cau néu trén thi
bé rong ma phanh sé dugc xac dinh theo 4p suat cho phép [q] hinh thanh d6i v6i ma
phanh trong qua trinh phanh. V&i kiéu co cau phanh dia, bé rong ma phanh c6 thé dugc
xac dinh theo luc ép P tao ra cho dia phanh nhu sau:

P=4,.q=(R"-R’ )—q (4.23)

Trong d6 R, R, 1a duong kinh trong va ngoai cua dia, a la géc dm cua tAm ma sat
theo chu vi hinh vanh khin ctia dia — dic trung cho bé rong ma phanh cta co cau phanh
dia — tinh bang [rad], con q la ap suat 1am viéc trung binh hinh thanh gitra ma phanh va
dia phanh trong qué trinh phanh. Suy ra géc 6m dac trung cho bé rong ma phanh kiéu
dia:

2.P

R 4.24
q-(Rz2 _R12) ( )
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Pé bao dam tudi tho ciia ma phanh cho mét chu ky giita hai lan bao dudng thi gia
tri 4p suat lam viéc ctia ma phanh q [N/m?] phai nh6 hon hodc nam trong giGi han cho
phép [¢]=1,5+2(MN / m*), chon g =2(MN / m*)
Thé tat ca cac thong sd da biét thi ta co bé rong ma phanh nhu sau:
Véi co cau phanh trudc: P, =26229,57(N)
+ Tinh theo gé¢c 6m ctia ma phanh:

2.26229,57
a, = 6 2 2
2.10°.(0,166" —0,0867)

=1,3082(rad) = 74,95(°)

+ Tinh theo chiéu dai cung tai ban kinh trung binh:
C, =R, .0 (4.25)
Trong do: R, 1a ban kinh trung binh ctia dia phanh:

2 R R3) 2(01663 0,086°
Wl g R’-R}" 30,166 —0,086

Thé sd, ta co: C, =0,13.1,3082 = 0,1703(m)

)=0,13(m) (4.26)

So v&i bé rong hinh vanh khan cia dia v6i ban kinh ngoai R2 = 0,19[m] va ban
kinh trong R; = 0,1[m] la:

b,, =R, —R, =0,166—0,086 = 0,08(m) (4.27)
Ty s gilra chiéu dai cung va bé rong vanh khan 1a 2,14; néu chiéu dai cung Cc
vuot qua hai 1an (R, —R)) thi phai dung xy lanh kép nham bdo dam ép déu cho ma
phanh; lac nay chiéu dai mé phanh thuong nam trong khoang:
3(R,—R,)>C >2.(R,—R) (4.28)
=3.0,08>0,1703>2.0,08
=0,24>0,1703>0,16
Nghia 13 néu ding xy lanh kép khi géc 6m ma phanh o nam trong khoang:
(R th) (Rz _Ru)

>q 22— 4.29)
th th
0,08 0,08
=1,83>1,3082>1,22
Bang cach d6 ta tim dugc nhanh chéng bo thong sé cho co cau phanh trude nhur
sau:
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+ Ban kinh ngoai dia phanh: R, =0,166(m)

+ Heé sb tbi vu: K, =0,52

+ Ban kinh trong: R, =0,086(m)

+ Ban kinh trung binh: R, =0,13(m)

+ Bé rong vanh khan: b,, =0,08(m)

+ Lyc ép cua piston: P =26229,57(N)

+ Gb6c 6m ma phanh: a, =1,3082(rad) =74,95(°)

+ Chiéu dai cung trung binh: C, = 0,1703(m)

Véi co cAu phanh sau: Ciing bang phuong phap tinh twong tu d6i v6i hé sd ban
kinh dia véi K2 = 0,58 ta co:

+ Ban kinh ngoai: R, =0,166(m)
+ Bén kinh trong: R, =0,096(m)
+ Ban kinh trung binh: R,, =0,13(m)
+ Bé rong vanh khan: b, =0,07(m)
+ Luc ép cua piston: P, =19534,31(N)

+ Tinh theo géc 6m ctia ma phanh:

2.19534,31
a, = 6 2 2
2.10°.(0,166° —0,096)

=1,07(rad) = 61,37(°)

+ Tinh theo chiéu dai cung tai ban kinh trung binh cua dia phanh:
C,=R,,a,=0,13.1,07=0,1436(m) (4.30)
Ty sb gilra chiéu dai cung va bé rong vanh khan la 2,25; néu cl}iéu dai cung Cc
vugt qua hai lan (R, — R,) thi phai dung xy lanh kép nham bao dam ép déu cho ma phanh;
lic nay chi€u dai ma phanh thuong nam trong khoang:

3.(R,-R,)=2C, 22.(R,—R)) (4.31)

=3.0,07>0,1436>2.0,07

=0,21>0,1436>0,14
Nghia 14 néu ding xy lanh kép khi géc 6m ma phanh o ndm trong khoang:

3 B8R 5 g5y B R (4.32)

th Izlb

GVHD: TS. Lé Minh Tién 98
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

0.07 1075297
0,14 0,14

=1,5582>1,07>1,0388

= 3.

c. Tinh toan kiém tra cong truwot riéng:

Kich thuéc ma phanh khéng chi xac dinh theo tiéu chi ap suat lam viéc phai nho
hon hoic bang ap suit cho phép [q] dd néu & trén nham bao dam tudi tho cho mé phanh;
ma con dugc xac dinh theo tiéu chi cong ma sat truogt riéng nham bao dam cho ma phanh
lam viéc trong thoi gian lau dai. Boi vi v6i cing 4p suét lam viéc cia méa phanh trong
qua trinh phanh nhu nhau nhung téc d6 xe khi bat dau phanh cang 16n thi ma phanh s&
cang mau mon.

Theo dinh nghia cong ma sat truot riéng chinh la cong ma sat trugt ciia méa phanh
trong qua trinh phanh tinh trén mot don vi dién tich [am vi¢c ctia ma phanh. Gia str cong
ma sat trugt L trong qua trinh phanh s€ thu toan bd dong nang cua 6t6 khi bat dau phanh
véi van toc v, cho dén khi 6t6 ding han v, =0; tic la:

_ ma‘(vlz _sz) _ Ga-V12

L= 4.33
2 2.g (433

Trong d6: m, 1a khdi lugng toan b cia 6t6 day tai khi phanh (kg)
G, 1a trong luong cua 6t6 (N)
v, 1a téc do 6to khi bat dau phanh (m/s)
g la gia tdc trong truong (m/s”)

4y 1a tong dién tich lam viéc ctia cac ma phanh trong tit ca cic co cau
phanh (m?).

Dién tich lam viéc ctia mdt co ciu phanh c6 thé duoc xac dinh:
A =271(R-R).-Z=(R>-R))a (4.34)
2.
Thé sb da biét cho hai mé phanh cua hai co cdu phanh trude, ta co:

Ag, =2.7(R) = R,2).~E = (0,17° ~0,09%).2.1,3082 = 0,0525(m")
T

Thé s6 da biét cho hai ma phanh ctia hai co cau phanh sau, ta c6:

@,

A, =2.7.(R) —le).;—z = (0,172 —0,1%).2.1,07 = 0,039 1(m?)
JC

Viy téng dién tich ma sat clia ca xe: As = 0,092(m’)

Suy ra cong truot riéng la:

GVHD: TS. Lé Minh Tién 99
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

2
=L -G (4.35)
A 2.8.4s
Tri sb cong ma sét riéng tinh theo cac cong thirc trén khi bit ddu phanh véi tde
do trung binh bang ntra toc d¢ cuc dai (v, =0,5.v_, ) cho dén khi xe ding han (v, =0)
phai nam trong gi6i han cho phép [L,]=3+7(MJ / m®).
78,45.1000
3600

; 49736,7.10,89
" 0,092.2.9,81.10°

Véi v, =0,5.( )=10,89(m/ s) thi ta c6:

=3,28(MJ / m®)

So vo1 gid tri cho phép la théa man.

d. Tinh toan kiém tra nhiét do hinh thanh & co ciu phanh.

Trong qua trinh 6t6 bi phanh, dong nang 6t6 bi ti€u tan bd1 cong ma sat truot va
bién thanh nhiét nang, lam nung ndng ma phanh dia phanh va mot phan truyén ra méi
truong khong khi. Tuy nhién khi phanh ngat trong thoi gian ngadn, ndng luong nhiét
khong kip truyén ra cho moi truong khong khi hodc truyén ra khong dang ké nén trong
tinh todn thiét ké, dé an toan vé nhiét chung ta c6 thé coi dia phanh nhén hét nhi¢t nang
nay trong qua trinh phanh. Vi vay ta c6 phuong trinh can bang nhiét nhu sau:

a

=m .CAC (4.36)

Trong dé: m, 14 tong khéi luong cia cac dia phanh; C 1a nhiét dung riéng cua vat
liéu lam dia phanh véi hop kim AlSil12 thi C ¢6 the lay 1én t6i 950[J/kg]. Con AT 1a do
tang nhiét do cua hoac dia phanh.

Do tang nhiét do cua dia phanh khi phanh véi tbe do ctia 6t6 vi = 14,86 [m/s] cho
dén khi dirng han v, =0 khong duoc vugt qua 15° Khi phanh ngdt véi toc do trung binh
bé“mg ntra toc do cuc dai thi do tang nhiét d ciing khong dugc vuot qua 125°.

+ Tinh kiém tra d6 ting nhiét d6 khi phanh vé&i van téc v=28,33(m/s). Suy ra
khéi luong t’(x)ng cong cta dia phanh phai du 16n dé d6 ting nhiét do khong qua 10°C khi
phanh v6i toc 46 v=28,33(m/ s):

. m,v'  5070.8,33°
mo2.C10°7  2.850.10°

=20,69(kg)

+ Tinh kiém tra d¢ ting nhiét d6 khi phanh vé&i van tocv=0,5.v_ . Suy ra khbi
luong tong cong cia dia phanh phai di 16n dé d6 ting nhiét d6 khong qua 100°C khi
phanh véi toc @6 v=0,5v,_  =118(m/s):
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m,v’ 5070.10,89

m =3,54(k;
M= 5.C00° 2.850.100° (ke)

Viy dé bao dam diéu kién bén nhiét, thi khéi lugng ctia mdi dia phanh cia 6t6
du lich (c6 cong thirc banh xe 4x2 hodc 4x4) phai bang:

20,69

m, =

=5,174(kg) 4.37)

Cung véi bai toan kiém tra nhiét, bai toan tinh toan thiét ké bé day & dia phanh
c0 thé duoc suy ra tir cong thirc khoi lvgng dia phanh nhu sau:

7(R’—R)S.p=m, (4.38)

Trong d6: p 1a khéi luong riéng cuia vat liéu lam dia phanh. Vi hop kim AlSil2

thi p =2700(kg /m*)Véi sb lidu di co, suy ra dia phanh trudc &, =30(mm), dia phanh
sau 0, = 33(mm)

e. Hanh trinh dich chuyén piston xylanh cdng tic ciia co ciu ép

Trong truyen dong phanh dau, dé tao ra lyc ép cho co cAu phanh chiing ta thuong
dung piston dé truyén lyc ép P 1én mé phanh.

Dbi v6i kiéu co cau phanh dia: hanh trinh dich chuyén cua piston cong tac x [mm)]
cua co cau ép phanh dia dugc xé4c dinh bang:

x=6, (4.39)

Véi co cau phanh dia, khe hé hudng truc 8, thuong kha nhé véi gia tri vao khoang
(0,3+0,5)[mm]. Chu ¥ trong kiéu co cau phanh dia thi khe hd huéng truc 8, thudong duoc
tu diéu chinh bang chinh ma sat giita dia phanh va mé phanh hoic boi co ciu ty dicu
chinh cudng btrc khe ho 8o, vi vy trong cong thirc (3.45) khong c6 thong s vé lugng
mon cho phép 8m. Chinh vi vdy co cau phanh dia ¢6 vu diém ndi bac hon han co céu
phanh trdng gudc 14 “d6 cham tac dung” nho.

Chon &, = 0,6[mm)] thi ta c6: x = 0,4 [mm] = 0,0004 [m]
f. Tinh toan cac thong s0 két cau
¢ Puong kinh xy lanh cong tac

Puong kinh xy-lanh cong tac 1y thuyét di & cac co cau phanh cé thé duge xac
dinh tr lyc ép yéu cau tuong ung Px:
4.P

d = k (4.40)
n,.z.p,

Trong do :

Py 1 luc ép yéu ciu & co ciu phanh thir k;
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pa 14 ap suét 1am viéc ctia dau phanh trong hé thong;
nk 14 s6 xy lanh ép cua co cAu phanh dia tht k;
+ Heé théng phanh khong c6 bom dau hé tro: pa = 5+10[MN/m?]
+ Hé théng phanh c6 bom dau ho tro (ABS): pa & 15+25[MN/m?]

Vé6i co céu phanh trude, co luc ép P =26229,57 [N] va vdi ap Suat dau pa =
15.108 [N/mz] va nx =4 thi ta c6 duong kinh ciia 4 xylanh cong tac & co cau phanh banh

xe trudc bang:
4.26229,57
d, =,|————=0,0236(m) = 23,6
“ N 4z15.10° () (m)

Véi co cau phanh sau, c6 luc ép P2 19534,31 [N] va pa = 10.10°[N/m?] va ni = 1
thi ta c6 duong kinh cua 4 xylanh cong tac & co cau phanh banh xe sau la:

41953431
d, = |[~222021 — 0,0204(m) = 20,4
“ "N 47.15.10° (m) (m)

+ Duong kinh xy lanh chinh
Puong kinh xy lanh chinh D. s& dugc xac dinh tir ty s6 khuéch dai thay luc ix
nhu sau:

( ) (4.41)

Trong do :

ik 12 ty s6 khuéch dai thity luc ciia xy-lanh cong tac thir k so voi xy-lanh chinh.

Trong thuc té kinh nghiém ddi v6i hé thong phanh dau kiéu co cu phanh dia thi
ty s6 duong kinh c6 the tu 1 dén 1,7 nén ty s6 khuéch dai thuy luc co thé Ién dén ix =
2,89. Vi vay, trong tinh toan thiét ké c6 thé tinh dudong kinh xy-lanh chinh theo gia tri
trung binh gan ding nhu sau:

2 .
Dc 1.(dkmm - + dkmax '12 (4.42)
2 1 2,89

O day dimin 14 gia tri nho nhat cia cac duong kinh xy-lanh cong tac; dimax 12 gid
trj 10n nhat cta cac dudng kinh xy-lanh cong tac; con cac s6 1 va 2,89 1a hé sb kinh
nghiém da néu & trén.

Thé s6 voi cac gia tri duong kinh xy lanh cong tac d tinh, ta c6 duong kinh xy-
lanh chinh dugc xac dinh nhu sau (cht ¥ vi hai co cau phanh déu str dung xy-lanh kép
—nén cac dai lugng n1 = nz = 4):

— (= = =0,03485(m) = 34,85
> 2.89 (m) (mmm)

~
c

b~ \/1 0,0236>4 0,02044
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g. Hanh trinh dich chuyén ciia piston xy lanh chinh

Piston chinh c6 nhiém vu truyén lyc tir ban dap va bd trg luc phanh (néu cO) dé
tao ra ap suit cao trong hé thdng khi phanh. Ap suit cao trong hé thong chi bat dau hinh
thanh khi tat ca cac khe hé trong hé thdng phanh d3 dugc khéc phuc, nén hanh trinh dich
chuyén ctia piston xy-lanh chinh h [mm] duoc xac dinh:

2x.n.d’ 2x.n.d} d,’?
h=(( lDlz ! zDzz 2 ).2+51+52+5dk.#).K (4.43)

Trong do:

x1, X2 la hanh trinh dich chuyén cuta piston cong tac ¢ co cau phanh cau trudce/sau.
Con s0 2 di theo thong s6 x dé€ xac dinh s6 lugng hai piston cong tac trong moi co cau
phanh

Ta da c6 x1 = x1 =x = 0,0004[m]
ni,n2 sO lugng truc banh xe cla cau trudc cau sau.

di,d> duong kinh xy lanh cong tac & co cau phanh cau trudc cau sau. Chi s6 2 bén
ngoai ngodc don xac dinh c6 hai co cau phanh trén moi truc banh xe trudce/sau

D. duong kinh xy lanh chinh.
, d 4. duong kinh xy lanh diéu khién doéng mé van cua bo trg luc kiéu trg luc gian
tiép
81,82 1an luot 1a khe hé thong dau trong xylanh chinh & trang thai khong phanh
ung voi cac dong trude/sau.
C6 thé chon : 8 = 8> = 0,001[m].

8ak 1 khoang dich chuyén cua piston tro luc dé diéu khién déng mé van cia bd
tro luc.

ta chon 64k=0,001(m)

K hé sb tinh dén bo dan hoi ciia hé thong
Ta chon: K=1,05.

Thé tat ca thong sb ta co:

2 2 2
4.(),4.1.232,6 4 N 4.0,4.1.2()2,4 .4).2+1+1+1'34,852].1’05 —13,9(mm)
34,85 34,85 34,85

h=[(

h. Hanh trinh va ty s6 truyén ban dap phanh

Don ban dap phar}h ¢6 nhiém vu truyén luc dap qﬁa 141 xe 1€n piston cua xy-lanh
chinh. Vi vay dich chuyén ctia dau ban dap phanh c6 thé dugc xac dinh:

de =(h+6.K )'ibd (4.44)

Trong do:
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8: 1a khe ho can thiét giira can day va piston xylanh chinh
Ta chon 6=0,0003 [m]
8: 12 khe ho can thiét giita can ddy va piston xylanh chinh
ta chon: [0b4]=0,08 [m]
h 12 hanh trinh dich chuyén cua piston xy-lanh chinh

Thay cong thirc tinh hanh trinh dich chuyén cua piston xy-lanh chinh h vao cong
thirc véi diéu kién gia tri hanh trinh ban dap 16n nhat d6i véi co ciu phanh dia khong
dugc vuot qué gid tri cho phép [Sba] & 60100 [mm] (do khe hé giita tdm ma sdt va dia
phanh khong bi tang lén khi bi mon dm =0).

(h+56.K)i,, €[S,,]
Chon [Sba] = 0,08[m] v6i khe hd & = 0,0003[m] thi ty s6 truyén ban dap:

) 80
b =
13,9+0,3.1,05

—

i,, nam trong khoang (4,5-10).
i. Lwc can thiét tac dung 1én ban dap phanh Kkhi chwa c6 tinh tro luc
Luec can thiét phai tdc dung 1én ban dap phanh (khi chua tinh dén trg hec) dé thuc
hién qué trinh phanh khan cap véi luc phanh 16n nhat yéu cau nhu sau:
7Z'.DX[2. D,

F,2—
iy Mg My

(4.45)

Trong do6:

Dy 12 dudng kinh xy-lanh cung cap dau cho céc xy-lanh cong tac; khi ding kiéu
trg luc tryc ti€p thi Dy 1a xy-lanh chinh D..

pa 13 ap sudt 1am viéc yéu ciu 16n nhét cta dau trong hé thong khi phanh khan
cap. Pai luong iva 14 ty s truyén ban dap da dugc xac dinh theo cac cong thic (3.55).
Thong s6 Mba 12 hidu suét ctia ban dap, ké dén ton that truyén Iyc tinh tir ban dap dén
piston xy-lanh chinh.

N« 13 hiéu suat xét dén ton that do ma sat cta piston v6i xy-lanh chinh. Trong
tinh toan, cac hi€u suat co6 thé chon theo kinh nghiém sau:

+ Hiéu suét truyén dong co khi : 1pa = 0,85+0,90
Ta chon Mg = 0,85

+ Hiéu suét cua piston-xylanh: na ~ 0,92+0,95
Ta chon nx = 0,92
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- Gia tri tinh to4n vé luc ban dap theo cong thiic (3.56) yéu cau phai nho hon gia
tri cho phép nham bao dam di€u khién nhe nhang cho lai xe d6i vdi cac 6to6 hién nay
nhu sau:

+ V&i xe du lich, tai va khach ¢& nho: [Fua]=200+300[N]
+ V1 xe tai va khach c& trung binh va 16n : [Fua] ®300+400[N]
Tu do6 suy ra:

7.0,03485%.15

P, = =3250,223(N)
4.5,63.0,85.0,92

Két luan: Khong dam bao diéu khién nhe nhang cho ngudi 14i nén phai trang bi
thém tro luc 141)

j- Luc can thiét tac dung 1én ban dap phanh khi ¢é tinh tro Irc
Khi c6 bd phan tro luc (triee tiép hay gidn tiép) thi cong thirc tong quat tinh cac

I can thiét phai c6 dé thuc hién qua trinh phanh khan cép véi luc phanh 16n nhat yéu
cau nhu sau:

1 . 7Z'.Dx z,p
B)d Lpa M T BI 2,1y, >l Pd
4.n

xl

(4.46)

Trong do:

g 1a ty ) truyén khuéch dai luc, tinh tir xy-lanh trg luc dén piston cua xy-lanh
cung cap dau cho cac xy-lanh cong tac

Na la hiéu suét cta bd phan trg luc, ké dén ton that truyén lyc tinh tir xy-lanh trg
lyc dén piston xy-lanh cung cap dau cho céac xy-lanh cong tac.

Trong truong hop tro luc tryc tiép thiin = 1;
Mu c6 thé chon bang 0,9.

Luc ban dap can phai tic dung 1én ban dap trong truong hop cé tro lyc ¢ thé chon
theo gidi han nho [Pwa] = 300[N].

7D, .p,
4n

x/

VI SIENY

\%

itl 'ntl
T do6 suy ra:
7.0,03485%.15.10°

4.0,92
1.0,9

—300.5,63.0,85
Pz

=15682,076(N)

k. Pwong kinh xy-lanh ciia bau tro lwe chan khong

GVHD: TS. Lé Minh Tién 105
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

bé giam nhe luc diéu khién phanh cho lai xe, thuong dung bo trg luc kiéu chéan
khong hodc bg trg luc kiéu khi nén. Luc tro luc dugc tao ra nhd nguyén 1y chénh léch
ap suat gitra hai ngan cuia bau trg lyc va dugce xac dinh nhu sau:

ﬂ.Dbz.Ap
Ptl = T

Suy ra dudng kinh bau tro Iyc Dy:
D, = / 4.P,
.Ap

Ap 14 d6 chénh 1éch 4p suat 16n nhat giita hai ngan cta bau trg luc khi phanh khan

(4.47)

Trong do:

cap.
+ Vi kiéu tro luc chan khong: Ape = (0,050+0,065)[MN/m?]
Chon Apck = 0,05 [MN/m?]

Vi kich thuéc bau tro lyc cua cac loai xe dung co cdu phanh thudng nim trong
khoang gia tri tir Dy = 250[mm] dén 400[mm].

D, = 4.15682,0766 —0.63(m)
7.0,05.10

Vi duong kinh tinh toan thiét ké ctia bau trg Iyc phanh chan khong Db cé gia tri
vuot qua gidi han cho phép nén ta phai dung bau tro lyc chan khong kiéu bau tro luc
kép va dugc tinh nhu sau :

Puong kinh bau tro luc kép:

Db=\/ 4.P, _\/ 4.15682,076 _ 0.25(m)

2xxhp  \2.7.7.0,05.10°

GVHD: TS. Lé Minh Tién 106
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién

1772777777,

LA

JL)

HITITED

=Y
L

8

8

8

8

8

o

NI

N

Z)

N\ \!
c—— 7 %ﬁ\{ Iy
- ’/4////; B\‘I \\\\\« —
NN
_
5
— - 4 H
\\\\\\\\\\\\\\\\\\\\\‘\!{' i'hll,/,,,,(((,\(\g
: N\ 4 ‘%Z
7
: ‘7/; L ULLLLLLLILLL
2

v Jii I

Hinh 4.3: Két cau bau tro luc kép chan khong
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1. Nép buéng thtr 2; 2. Piston cua buéng thir 2; 3. Van nguoc; 4. Lo xo; 5. Dai e 6.
Cit chin; 7. Thanh nbi; 8. Vong dém; 9. Pém lam kin thanh ndi; 10. Pém chén; 11.
Vong bich; 12. Vong chin; 13. Pém chan; 14. Mang ngin; 15. Nap bich; 16. Nap
khoang thtr nhét; 17. Vach ngin khoang thir nhat v6i khoang tht 2; 18. Mang cao su
ctia ngdn tha 2; 19. éng din hudng; 20. Giam va dap rung; 21. Lo xo van diéu khién
chan khong; 22. Mang cao su cua ngan tho nhét; 23. Than cta bau trg luc; 24. Piston;
25. Than van chan khong; 26. Than van chan khong; 27. Vong dd than van; 28. Vong
bich lam kinh than van; 29. Piston cua van; 30. Loc khong khi; 31. Chup bao v¢; 32.
Thanh déy; 33. Chét ché; 34. éng 16t 10 x0; 35. Lo x0 van; 36. Vong bich van diéu
khién; 37. Pém chan; 38. Mang ngan cua van; 39. Vit.
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4.3 Tinh toan thiét ké hé théng treo trwéc cho xe Danabus sau cai tao

4.3.1 Xdy dung dwong diic tinh dan hoi hé thong treo truwée
ol
—

Hinh 4.4: Hé thong treo doc lap

1 - Banh xe; 2 - Giam chén; 3 - Thanh hudng trén: 4 - U cao su; 5 - Thanh huong
dudi; 6 - Thanh xoan

Hé théng treo trudc thiét ké dung cho xe Danabus 1a hé thong treo doc 1ap sir dung
giam chan thuy luc, 10 xo va thanh xoan.

Dic tinh dan hoi 1 quan hé giira phan lyc phap tuyén (Z) tic dung 1én banh xe va
dd bién dang cua hé thong treo (f) do ngay tai truc banh xe, tirc 1a quan h¢ ham Z = g(¥).

DPuong dic tinh dan hoi 1a co sé danh gia va thiét ké vé mat ém dju, do d6 tinh
todn, thiét ké can xay dung duong déc tinh dan hoi ctiia hé thong treo.

- Hé thong treo duoc tinh toan va thiét ké theo gido trinh “Tinh toan thiét ké 6 t6”
ctia PGS.TS Nguyén Trong Hoan. [37]

- Pic tinh dan hdi thuong dugc xay dung voi gia thiét: B qua ma sat va khoi
luong phan khong duogc treo. Néu c6 s6 lidu vé khdi lugng phan khong dugc treo thi co
trir di phan khéi luong nay khi tinh phan Iyc Z. Xem nhu dic tinh ¢6 dang tuyén tinh.

- Bic tinh dan hoi yéu cau cta hé thong treo phai di qua hai diém: A(ft, Zt), B(fd
, Zd), trong do: Zt: tai trong tinh tac dung tai banh xe gy ra bién dang ft. ft: bién dang
tinh cta hé thong treo do tai truc banh xe. Zd: tai trong dong tdc dung 1én banh xe gay
ra bién dang fd. fd: bién dang thém cua h¢ thong treo dudi tac dung cua tai trong dong
w Dé xay dung dic tinh dan hdi yéu cau cta hé thdng treo, trude tién ta xac dinh hai
diem A(ftt , Ztt), B(fdt . Zdt)
Tai trong tinh tic dung 1én hé thong treo trudc khi 6 t6 mang day tai (tinh trén
mot banh xe):

(4.48)
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Trong d6: Gu = G1 - Get — Khéi lwong phan dugc treo & cau trude (kg)
‘ G1 = 2028 (kg) — Khdi lvong phan bd 1én cau trudce khi 6 t6 mang
day tai,
Get — Khéi lwong phan khéng duge treo cau trude (kg)

Ta c6 hé s6 khéi luong & = 6,5 = 7,5 dbi v6i xe du lich khi xe day tai va bang &
=4 + 5 d6i v6i xe van tai. Hé s6 khdi luong c6 anh huong 1on dén tinh ém diu chuyén
dong. Giam khoi lrong khong duoc treo s€ giam dugce lyc va dap truyén 1én khung vo.
Cho nén trong khi thiét ké xe, c6 khuynh hudng tang hé s6 khéi luong, ma trude hét 1a
giam trong luong phan khong dugc treo. Xe thiét ké & day 1a xe buyt c6 tai trong khong
16n va nhu ta da chon céc hé tréng treo cau trudc 1a hé théng treo doc lap voi phan tir
dan hoi 1a thanh xodn nén khdi lugng khong duoc treo khong thé chon 16n qua

Vi vay ta chon h¢ sb khoi luong

5= % =5 (4.49)

ct
D061 voi xe van tai hanh khach — buyt.

=G =%=¥=4OS,6(1@)

= G, =2028-405,6=1622,4(kg)

=7, = %;'9’81 —7957,872(N)

- Hé sb tai trong dong ka:

Néu chon ka nho thi ¢6 su va dap lién tuc 1én bo phan han ché 1am giam tinh ém
ctia 6 t6. Néu chon k4 qué 16n s& 1am cho hé théng treo qua cting. Chon kq thich hop sao
cho khi 6 t6 chuyén dong trén dudng bang tai trong truyén qua hé thong treo s& gy va
dap dbi voi xe buyt thi ka = 1,75 + 2,5. Chon ka = 2,0.

- Tai trong dong tac dung 1én hé thdng treo trudc:
=k, Z,6=2.7957,872=15915,744(N) (4.50)

tmax
- B¢ vdng tinh ciia hé thong treo trude fi:

Do vong tinh h¢ thong treo quyét dinh dén tang sb dao dong riéng ctia hé thong
treo. Do d6 quyét dinh dén do ém diu cta chuyén dong. Tan s6 riéng cua hé thong treo
xe buyt 1a n = 60 + 85 (1an /phut). Twong tmg voi tAng sd nay co do vong tinh i = 10 +
200 (mm). Chon fit = 150 (mm).

- P9 vong dong cua hé thong treo trude fu:

b9 vong dong f4: quan hé chat ché véi hé $6 dong kq. Do vong dong fiq 16m thi do
ém diu 16n va de phoi hop vt hé s6 kq 16n, dam béo ti€p xtc 16p va mat duong tot. BE
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dam bao cho xe chuyén dong ém diu, hé théng treo con phai c6 dung ning dong du 16n
dé tranh xdy ra va dap gitra phan dugc treo va khong duogc treo khi 6t6 chuyén dong trén
duong khong bang phang. P vong dong cua xe 6 t6 buyt la: f,, =0,75.f,
f,=0,75f, => f, =0,75.150 = 112,5(mm) (4.51)
- Hanh trinh lam viéc cua hé théng treo trudc khi phﬁn tir dan hoi phu lam viéc:

Khi 10 xo bién dang dén cham u cao su thi lic ndy do cimg cta hé théng ting 1én
(C=C:+Cp). Nho d6 dam bao dugc Zmax trong gidi han fs cho phép. Do phan tir dan hoi
phu 1a cao su nén c6 do C, cirng thay doi theo tai trong c6 nghia 1a duong dac tinh phi
tuyén. D0 bién dang dugc thira nhéan khi tinh todn 1a 1/3 chi€u cao lam viéc ctia u cao su
do.

Dbi voi xe buyt, hanh trinh 1am viéc cua hé thong treo trude khi phan tir dan hoi
phu lam viéc la:

£, =(0,2+0,3)f, =0,2.112,5 = 22,5(mm) (4.52)
Mit khac do bién dang cao su dugc xac dinh qua cong thirc sau:
fo = %.hm =>h, = %.22,5 =33,75(mm) (4.53)

V1 heyt - 1a chi€u cao lam viéc cia u cao su hé thong treo trude, (mm).

Tu cac thong sb chinh va tinh toan ta xay dung dugc dac tinh dan hoi cua hé
thong treo trudce:

Z(N),
Z,=15915,741— —E
H
_ D K
Z,=7957,87\— — K f =225
° B e (mm)
f.=150 f=112,5
< t P >
Hinh 4.5: D6 thi duong dic tinh treo trudce
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4.3.2 Tinh todn 1o xo hé thong treo truwdc

Dé tinh toan dudng kinh va céac kich thuéce ciia phan tir dan hoi 13 16 xo ta phai
xac dinh dugc luc tac dung 1én 10 xo (Zix) d§ vong tinh (f;) va do vong dong (fs) cua lo
xo0 khi chiu tai trong tinh. Ttr d6 tinh cac kich thude con lai theo cac ing suat tac dung
1én 10 xo.

Tai trong tinh tac dyng Ién banh xe:

Z, =Z7,=1622,4(kg) = 7957,872(N) (4.54)

a. Tinh Kich thwdc caa 1o xo

Hinh 4.6: Kich thudc 10 xo tru
D — Buong kinh trung binh; d — Puong kinh day

Vit lidu ché tao 10 xo clia hé thong treo twong tu nhu vat liéu 1am nhip, thuong 1a
50C2 (50Si2), 60C2(608Si2)... Chon vat liéu lam 10 xo 1a thép AISI 4140 c6 ung suat tiép

cho phép 1a [z, [=1000 MN/m?.

+ Chon ty sd a:

a= ~ (4.55)
Trong d6: D — DPuong kinh trung binh cua 10 xo.
d — Puong kinh day 10 xo.
Ty s6 a duoc 13y trong khoang: [4+9]. Ta chon: a =8
- Tinh duong kinh day 10 xo (d):

K.Z, .
d> i (4.56)
0,4.[7]
Trong d6: a =8 — Hé sd ti 1¢ duong kinh;
Zix - Luc tac dung 1én 16 xo;
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, K - H¢ sd tinh dén su ting Ung suat & bé mat trong cua 10 xo. Hé
s0 nay tang khi giam ty s6 D/d va duoc xac dinh nhu sau:
4a+?2
4a-3

K=

(4.57)

=>Thaya=38,tacé: K=1,17.
Thay vao cong thirc (4.11) ta dugc:
g \/1,17.7957,872.8

o = 0-01360m) =13.6(mm)

Chon d = 14 (mm).
Tinh duong kinh trung binh cua 10 xo (D):
az%:D:a.d =8.14 =112(mm) (4.58)
- Tinh d0 ctng cua 10 xo (Cix):
Z, 1957872

C, =2k = 2222212 1000 = 53052,48(N / m) (4.59)
£, 150

- Tinh s6 vong lam viéc (n) va s6 vong toan bg (nix) cua 10 xo, ta co:
M, d*

n= Sgh—ly (4.60)
L

(Man — M6 dun dan hoi chdng xoan: M, = 8.10* MPa = 8.10'°Pa)
Thay s6 vao ta co:

. 8.10".0,014°
8.53052,48.0,112°

—

Chonn =6.
Ttr d6 ta c6 s6 vong toan bo cua 10 xo:
n,=n+2=6+2=38
Vay: nix =8
- Chiéu dai nhé nhét cta 10 xo khi u cao su chiu tai trong dong:
Ta co:
L. 2>2n.d+(n-1).0 (4.61)
V6i: 8: 1a khe ho nho nhét ciia day 10 xo khi chiu tai
Thuong 6 =1 + 2 (mm), ta chon: 6 = 1,5 (mm)
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=L . >8.0,014+ (6-1).1,5.107 = 0,12(m) = 120(mm)
Chon Lmin= 120 (mm).
- Chiéu dai cta 16 xo khi chiu tai trong tinh (Ly):
L=L_ +f,=012+0,112=0,232(m) (4.62)
- Chiéu dai ban dau cua 10 xo (L):
L=L +f, =0,232+0,15=0,382(mm) = 382(mm) (4.63)
Budc xo0dn cua 10 xo (t):
t= % = % = 63,7(mm) (4.64)
b. Kiém nghi¢m bén
- Tinh bén 10 xo khi (g suét cat 16n nhat:
Tir phuong trinh Gng suét tiép 16n nhat trong 10 xo, ta ¢6:

KZ.D S8KZ.a 8117 .
r = 8 b2 o 8 u? 8.117 7957’832 8 967, 74(MN | mm?) (4.65)
zd 7d 3,14.0,014

Viy 7 < [T] = 1600(MN / mm*)=> Lo xo du bén theo ng suat cit.

max
- Ki€ém nghiém 16 xo theo hé s6 an toan:

Cong thure xac dinh hé s6 an toan cua 10 xo:

T
ST = T 0 Z 2 (4'66)
- + l//r’Tm
g‘l'
Trong do:
7, - Giéi han xoan méi ctia day 16 xo, 7, = 577 (MN/mm?)
7, - Bién d0 Ung suét:
7 = Do ;rm,-n _ 0T, 74012164 100 20(MN / mim®) (4.67)
7, - Ung suét trung binh:
r =TTty 967,740,104 sog 650 N/ mm®) (4.68)

" 2

¢, - H¢ so ké dén anh hudng cua tiét dién day 10 xo, ¢, = 2.
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v, - He s6 ké dén anh huodng cua ng suit trung binh, v.=0,1.
Thay vao cong thuc (4.21), ta duogc:
577
+0,1.789,952

S, = 177,79

=3,5>2

Viy qua céc tinh toan kiém nghiém & trén => 16 xo thiét ké du bén.
4.3.3 Tinh todn thanh xodn

So @6 thanh xoén:

]
i

Hinh 4.7: So db tinh toan thanh xoan
Bé rong cua xe thiét ké 1a: B, = 2200 (mm)
Bé rong vét banh xe trude: B = 1750 (mm)
Nhu vay chon khoang cach lix theo so d6 bé tri 1a:
[ = g = # =437,5(mm) = 0,44(m) (4.69)

Tir so d6 bd tri va tai trong dong 16n nhat tac dung 1én banh xe ta tinh duoc
momen 1&n tdc dung 1€n thanh xoan la:

M. =7 1 =15915,744.0,44 = 6963,138(N.m) (4.70)

X max tmax *"tx

Vi trong thiét ké ta dung thanh xoén loai don nén dwong kinh ciia thanh xoan c6
thé xac dinh theo cong thure sttc bén vat liéu: Khi tinh ing suat ti€p ta co:

_16.M

T=——m 4.71
rd’ @71)
Trong d6: T: Gng suat tiép cho phép, T = 1000.10° (N)
Suy ra:
J = i/lé.Mm _, 16.6963,1386  0,033(m) 472)
nT 3,14.1000.10
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- Tur so d6 bo tri va d§ vong can thiét cia h¢ thong treo trude ta tinh dugc gdc xoan
16n nhat cua thanh xoan:

Proax = —ﬁlmax (rad) 4.73)

ix
fimax: d0 vOng 16n nhit cua hé thong treo trude
Srow = S0+ fy =1504+112,5 =262,5(mm)
0,2625 4.74)
== =0,6(rad
Pomex =045 (rad)
- Chiéu dai ctia thanh xoan thiét ké 1a:
_nd, G

L D
© 32 (pxmax Mxmax
3,14.0,033  7.7.10° (*79)
== 0,6.—= =0,772(m) = 772(mm)
32 6963,138
Trong d6: Mgn— mddun dan hdi xodn G = 7,7.10* (MPa)

- Hai dau thanh xoan dugc 1am then hoa dé 1ap ndi. Puong kinh va chiéu dai phan
then c6 thé chon theo cac cong thirc thuc nghiém sau:

d =(1,2+1,3).d, =1,3.0,033 =0,04(m)
1 =(0,6+1,2).d,_=0,9.0,033 =0,03(m)

(4.76)

Then thuong c6 dang tam gidc voi goc giltra cdc mat then 1a 900. Vi dang nay
dam bao phan bo tai trong déu theo chiéu dai then.

4.3.4 Tinh todn giam chén truéc

Giam chan trong hé thong treo xe Danabus 14 loai giam chan hai 16p do c6 dic
tinh lam viéc 1i tuong, dé€ bo tri cac van va gia thanh thap.
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Q

1| B
L[
i C. K
Y
Hinh 4.8: Giam chén hai 16p

1 — Cén piston; 2 — Xilanh; 3,7 — Van nén; 4 — Thanh giam chan; 5,6 — Van tra;
8 — Piston; 9 — Vo

a. Xay dung dwdng dic tinh yéu ciu ciia gidm chin
Puong dic tinh giam chin 1a dudng biéu dién giita luc can chan dong Z cia
giam chan va van toc dao dong cua 0 t6 so vdi banh xe
_ m
Z,=K,V, 4.77)

Trong d6: Ky — Hé s6 can cta giam chin
V, — Vén tdc piston
, m — Chi s6 thay d6i khac nhau trong hanh trinh nén va tra cta hé
thong treo, m = 1
- Hé sb dap tat dao dong tuong doi:

K
yo=—t (4.78)

2NCM

Trong d6: Ky — HE s6 can dao dong cua h¢ théng treo;

C - DBg cliing cua hé théng treo;

C= Gu 4.79)
Ji
M — Khéi lugng tinh trén magt banh xe;
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G
M=—1 (4.80)
g
Véi:  G’u — Trong luong tinh trén 1 banh xe,
G, 1622,49,81
G =—tL=—""""=7957872(N) (4.81)
2 2
fi=15 cm — D9 vong tinh ciia hé thong treo.
Déi véi cac xe 6 t6 hién nay y = 0,15 = 0,3; Chon y = 0,15.
Suy ra, Hé s6 can ctia hé théng treo K¢ duogc tinh:
_ Gy
NI

_2.0,15.7957,872

" 31,3.4/15

(4.82)

=19,694(Ns / cm)

Qc[o Zg

O

Hinh 4.9: So db luc tac dung lén giam chan

Biét duogc K, tuy thudc vao dang bd phan hudng va cach lép dat giam chn ta s&
tinh duoc Kg can thiét cua giam chan. Theo tai liéu Thiét ké tinh toan 6 t6 — PGS.TS
Nguyén Trong Hoan, véi kiéu bé tri giam chan theo phuong thang dtng léch goc 13°,
ta c6 cong thirc sau :

K, 19,694

tr

K, = o 2
£ cos(0)""  cos(13)

= 20,744(Ns / cm) (4.83)

Trong gidm chan thuy luc tdc dung 1én hai chiéu khong d61 xtrng nén luc can cua
hanh trinh trd 16n hon lyc can ctia hanh trinh nén cia gidm chan. Vi vay, hé so can ctua
giam chan duogc tinh theo:
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_ Kot Ry
€2

Ti sO gitra h€ sO can cua gidm chan trong hanh trinh trd va hanh trinh nén thuong

(4.84)

. K
nam trong khoang 2,5 =+ 3. Chon Kg” =3.

gt

- Hé s0 can hanh trinh nén:

3K, +K_, K, 20,744
K, :%DK@ =7g: =10,372(Ns/ cm) (4.85)
- Hé sd can hanh trinh tra:
K, :3Kg” =3.10,372=31,116(Ns / cm) (4.86)

- Luc can giam chan Zg:
+ Giai doan lam viéc binh thudng, van toc piston V,, =V, =30(cm/ s)
e Luc can sinh ra trong hanh trinh nén nhe:

Z =KV, =10,372.30 =311,16(N) (4.87)

e Luc can sinh ra trong hanh trinh tra nhe:
Z g =KV, =31,116.30 = 933,48(N) (4.88)
+ Giai doan lam viéc & ché do gidm tai, van tbe piston V, =V, =60(cm/s).Luc
ndy van giam tai mo, hé sb can ctia giam chan giam xubng K’,
e Hé sb can hanh trinh nén:

K',=0,6K, =0,6.10,372 = 6,223(Ns/ cm) (4.89)

e Hg¢ sO can hanh trinh tra:

K',=0,6K,=0,631,116=18,67(Ns/cm) (4.90)

e Luc can sinh ra trong hanh trinh nén manh:

Zr = Z g + Ky (V= V) =311,16+6,233.(60 —30) = 516,852(N)  (4.91)

gn2 = gnl
e Luc can sinh ra trong hanh trinh trd manh:
Zyr=Z,+K', .V, =V,)=933,48+18,67.(60 —30) =1493,58(N) (4.92)
Tu cac gia tri Pgnmax, Pgtmax, Pgn, Pgt, K'gt, K'gn, Kgt, Kgn, Vgmax, Vg ta vé
dugc duong dac tinh dan hoi nhu hinh :
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Z_. (N}
A
Z_.=516.852 'f -
Z _=31116
Trd o1 Nén >
Vymis)
03 06

Yéu Manh
>

Z,~933.48

z,,=149358

1
v ,
z,M)

Hinh 4.10: D6 thi dudong dic tinh giam chan
b. Tinh toan thong so kich thwéc:

A ] _//_\\// ]
10 i
1 L} %
2 7
1 P | ZI
0% - %
7).
24

e Z
= ]

Hinh 4.11: Kich thudc cac chi tiét trong giam chan
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Lu

7T

Yon
Lol
[
T 1
[
L Hp

Hinh 4.12: Chiéu dai céc chi tiét va goc dat giam chan

- Puong kinh piston giam chan d, = 30 (mm)

- Puong kinh can piston giam chan dc = 12 (mm)

- Puong kinh ngoai cua giam chan duge = 45 (mm)

- Chiéu dai tir y han ché téi dau trén cia ty day: Ly =26 (mm).

- Chiéu dai nip giam chan Ly=0,3.d, = 0,5.35 = 9 (mm)

- Chiéu day cua piston Lp = 0,8.d, = 0,8.30 = 24 (mm)

- Hanh trinh piston Hp 13 bién dang ctia hé thdng treo. Do ciu tao cua giam chan
c6 nhiém vy 1a try xoay ding, mat khac, duong tam truc cua giam chan khong trung voi
duong tam 1y thuy€t cua try xoay dimg va c6 goc nghiéng cua giam chan y = 6° do
do:

L= ggsag:d) - 15302(1613’5 = 264 (mm). (4.93)

- Chiéu dai cta ty day: Lt =Ly + Ly + Hp = 25 + 9 + 264 = 298 (mm).

- Khoang cach tir day cua piston t6i mat trén cua vo ngoai khi piston nam ¢ diém
chét dudi Ly, Lk = (0,4#0,9)d, chon Li= 0,4.d, = 0,4.30 = 12 (mm).

- Khoang céach tur day ctia vo trong tdi day cia vo ngoai Ly = 0,7.dp = 21 (mm)

- Chi€u dai cua xylanh gidm chan:
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Lx =Ly + Hp+2Lp + Li + Ly = 9 +264 +2.24 +12 +21 = 354 (mm).
- Chiéu dai toan giam chdn la: Lg = Lx + Ly = 354 + 26 = 380 (mm).
c. Xac dinh tiét dién hru thong ciia cic van giam chin

- Tong dién tich ctia cac 16 van:

S,=—2 (4.94)

Trong d6: S, — Dién tich dinh piston;

V, — Van téc dich chuyén cta piston;

Fp — Dién tich hiru ich cia piston giam chan;

1 — Hé s6 thong qua tiét luu, chon p=0,7;

p — Khéi luong riéng cua dau giam chan, chon p = 900 (kg/m?)
+ Truong hgp & hanh trinh nén:

Dién tich hiéu dung cuia piston gidm chan:

V4 V4
S, = Z.di = Z.0,032 =7,07.107"(m* / ) (4.95)
Vi dp = 0,03 m — DPuong kinh piston.
e Nén nhe: V, =V, =0,3(m/s)
SpVpr  7,07.10%.0,3

=9,7.10°(m*) = 9(mm*)

Sa1 = 2Z,, 2.311,16
900.7,07.10_4
eNenmanh: V, =V, ,=0,6(m/s)

gn2

SpVes  7,07.107.0,6

S22 = 2Z,, 2.516,825
ps "\ 900.7,07.10™*

+ Trudong hop & hanh trinh tra:

=15,03.10° (m?) =15,03(mm?)

Di¢n tich hi€u dung cua piston giam chan:

T T
= Z.(d;—df) = Z.(0, 03° -0,012%) =5,94.107* (m> / s) (4.96)
Véi di= 0,012 (m) — Pudng kinh can piston.
e Tra nhe: V,=V, =0,3(m/s)
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5,94.107.0,3
P gtl —6 2 2
= =4,7.10"(m") =4,7(mm
%3 = 2.933,48 () =4 7(mm’)
"\ 900.7,07.10™*
e Tra manh: =V,, =0,6(m/s)
F,. g[l B 5,94.107.0,6

—7.43.107° (m*) = 7,43(mm”
523 = 2.1493,58 () (o)
ps "\ 900.7,07.10™

- Tinh kich thudc cac 106 van nén va 13 van tra:

Puong kinh cua cac 16 van duoc xac dinh theo cong thtrc:

S
d=2.12% (4.97)

n
Véin—So 10 van.

Véi két cau giam chan 2 16p vo ¢ cac van nén va tra nhe 13 cac van 14 luon mo
trong cac hanh trinh nén nhe hay tra nhe, khi xe lam vi¢c & diéu kién dudng xa tuong
d6i tot mat duong khong gd ghé 1am, luc nay luc kich dong mat duong nhé giam chén
lam viéc & ché d6 tai nhe ttrc 1a lac nay ap suit dau khong cao 1dm. V&i van tée v < 0,3
(m/s) thi chét 16ng chi di qua céc 16 van thong qua chit chua du 4p suat lam thay doi dién
tich luu thong. Tt d6 suy ra:

+ Puong kinh 1 16 van nén trong hanh trinh nén nhe, véin = 6:
S
d =2, /i =2, /9’—7 ~1,5(mm)
n .6

+ Puong kinh 1 16 van nén trong hanh trinh tra nhe, véin = 6:

d =2, /b =2, fﬂ =1(mm)
n 7.6

Van tra manh 1am viéc khi van téc piston v > 0,3 m/s, khi d6 xe lam viéc ¢ diéu
kién duong x4 gb ghé, mit duong xau, luc nay lyc kich dong mit dudng 16n, giam chin
lam viéc & ché do tai nang lam giam chan bi nén vao hoic kéo ra rat manh, lam ap suét
dau tang mot cach dot ngdt. Vi van tde piston v > 0,3 m/s thi dong chat 1ong lic nay
¢6 luu lwong 16n hon luu luong ciia dong chit long trong hanh trinh nén hay tra nhe,
mot phﬁn chét 16ng di qua cac 16 van nén va tra nhe, phﬁn con lai tao ra ap luc 16n hon
luc can cua cac 10 xo van nén va van tra manh 1am mé hét cac van, tire 1a dién tich luu
thong luc nay 1a téi da. Tir d6 suy ra:

+ Puong kinh 1 16 van nén trong hanh trinh nén manh, v&i n = 4:

GVHD: TS. Lé Minh Tién 122
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién

fS =S f -
d =2 222 TRl _ 9 le,?)(mm)
n .4

+ Puong kinh 1 15 van tra trong hanh trinh tra manh, véi n = 4:

d, =2\/S24_SZ3 =2\/7’42_44’7 = 0,93(mm)
n

T T.

d. Cong va cong suit tiéu thu
Phuong trinh can b::ing nhiét cua chét long trong giam chén:
N,=a.S,(T,-T )t (Nm/s) (4.98)
Trong do :
+ Ny — Cong suét tiéu thu boi giam chan,
_ (th +Kgn) V2
t 2 c Vg
Véi Ve = 0,3 m/s ta duogc:
Z,+Z, - 311,16 +933,48
[/ 2 g
+ oy - Hé s6 truyén nhiét, chon ox = 60 (J/m2h°C)

(4.99)

0,3 =186,696(Nm / s)

+ S — dién tich mit ngoai cta giam chan (m?),
d
S,=nd, .(7”+LG) (4.100)

0,065

2
=S, = 7.0,045.( +0,380) = 0,057(m")

+ Tm — nhiét do moi truong (°C). Chon T, = 30°C
+ Ty — Nhiét 6 10n nhét cua thanh giam chan
+ t — Thoi gian lam viéc cua giam chan, t = 1h = 3600s

Tu cong thuc 4.54, ta co thé kiém tra ché dd nhiét cua giam chan sau 1 gio lam

viéc:
Ntt
= +m<|T 4.101
e e [7 ] )
186,696
=T == +3085°C <[ T, |=120°C
¢ 60.0,057.1 ¢
Viy nhiét d6 cta giam chin khong vuot qua gia tri cho phép 1a (100 = 120) °C
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4.4 Tinh toan thiét ké hé thong treo sau cho xe Danabus sau cai tao
4.4.1 Xdy dwng dwong dic tinh hé thong treo sau

- Tai trong tinh tac dung 1én hé thong treo sau khi 6 t6 mang dy tai (tinh trén mot
banh xe) [37] :
G,.g -
Z = T,[N] voi G, =G, -G, (4.102)
Trong do:

G,— Khbi lwgng phan bé 1én cau sau khi 6 t6 mang day tai, G, =3042(kg)

G ,— Khbi lvong phan khong dugc treo ciu sau.

Ta chon hé sb khdi luong O = i =5

(&)

6. =9 302 _ (o8 4ke)
5 5
G., =3042 - 608,4 = 2433, 6(kg)

_ 24433981 11936.81()

ts

- Hé s6 dong lyc hoc &,

Néu chon k, nho thi ¢ sy va dap lién tuc 1én bd phan han ché lam giam tinh ém
clia 6 t6. Néu chon k, qua 16n s& 1am cho hé thong treo qua cing. Chon &, thich hop
sao cho khi 6 to chuyén dong trén duong bang tai trong truyén qua hé thong treo sé giy
va dap it. d6i véi xe buyt thi k,=175+2,5Chon k, =1,75.

- Tai trong 16n nhat c¢6 thé truyén qua hé thong treo sau:

Z .=k, Z —>7Z  =17511936,81=20889,41(N) (4.103)

- Do vong tinh ciia hé thdng treo sau f,

Dé tranh cac dao dong lic doc (kiéu ngua phi), ty sd gitta do vong tinh cta hé
thong treo sau va trudc can nam trong giéi han: (f, / f,) =1,0+1,2 ( dbi véi xe tai va
xe buyt).

— [, =1,0+L2).f, =(1+1,2).110 = (110 +120)[mm] (4.104)

Ta chon f, =120(mm)

- P9 vong dong cua hé thong treo sau f),

Xeotobuytla:
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S, =0,75.f, =0,75.120 = 90(mm) (4.105)
- Hanh trinh lam viéc cua hé théng treo khi phﬁn tir dan hoi phu lam viéc:

Khi lo xo bién dang dén cham u cao su thi lic ndy do cimg cta hé théng ting 1én
(C=C,+C,).Nho d6 dam bao dugc Z,, trong gidi han f, cho phép. Do phan tir

dan hoi phy la cao sunén ¢6 d¢ C, cung thay doi theo tai trong c6 nghia la dudong dac

max

tinh phi tuyén. Do bién dang duoc thira nhan khi tinh toan 1a 1/3 chiéu cao 1am viéc cta
u cao su do.

bai1 voi xe buyt:

£, =(0,2+0,3).f, =0,3.90 = 27(mm) (4.106)
Mic khac d6 bién dang cao su dugc xac dinh theo cong thirc sau:
cs = z'hcv (4.107)
v = 3
—>h, = E = 2.27 = 40,5(mm)
2772

Trong do6: h,—1a chiéu cao lam viéc cua u cao su hé thong treo sau.

Z,(N)
A
Z4=20889,41- |
— D .",..... > & -
Z,=11936,81- | )
{]
) | f
< fy=120 J< fs=90 L | )

Hinh 4.13: D6 thi duong dac tinh hé théng treo sau
4.4.2 Tinh todn bg phin dan héi hé thong treo sau phu thujc

- Céc thong so co ban
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n

Hinh 4.14: So dd luc tac dung 1én 14 nhip
L, - Chiéu dai 14 nhip
Z — Luc tac dung 1én 14 nhip dam cau
Z — Tai trong thang dung tir phan dugc treo tic dung 1én nhip

Tiét dién 14 nhip c6 nhiéu dang khac nhau. Nhung & day ta chi chon 14 nhip c6
tiét dién hinh chir nhat, dé tinh todn don gian va thiét ké cting don gian hon. Vi nhip nay
c6 uu diém: don gian, bao dudng sira chita dé dang, gia thanh ré.

- Chiéu dai bo nhip (L, ):
Thuong dugc xac dinh theo du kién két cau, gia tri nam & trong gioi han sau: Déi
v61 nhip 6 t6 buyt:
L =(0,35+0,45).L, (4.108)
Véi L, - Chiéu dai co sé cua xe: L = 3950 (mm)

L =(0,35+0,45).L, = 0,45.3950 = 1778(mm)

- Moment quén tinh tong cua tiét dién (J s ) nhip

3 3
- o.L,7Z, _ o.L,C, (4.109)
48.E.f, 48.E
Véi nhip lap di xtng nén:
L
L =1, =—" (4.110)
2
Trong d6: E- Mddun dan hoi cua vat liu E = 2,1.10°(MPa)
S—Hé sb dang nhip, d6i voi 6 t6 bus: 5 =1,25+1,35. Chon §=1,3
C,— Do cung cua nhip:
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V4
C = 7 @.111)
n

Z =Z,: Tai trong tic dung 1én nhip, khi day tai: Z, =11936,81(N)
f, = f,: Do véng tinh ciia hé théng treo sau ma f,, =120(mm) = 0,12(m)
C - 11936,81

n

= 99473 4(Y,
m

L, — Chiéu dai hiéu dung ciia bo nhip
L =L —-2n (4.112)

n= % voi: d— l1a khoang gitra hai bulong quang nhip.

Dbi voi xe buyt thuc té: d = (100-+150)[mm]. Tuy nhién khao sat thuc té thi nhip
14 dung bau hoi chi dung 1 tai nhip nén Chon d = 0 (mm)

1
b=t —a=\T8_

1000
Thay céc thong s chon va tinh dugc vao phuong trinh trén ta co:

_S8.L.C, 13.1,8.99473,4

1,8(m) (4.113)

Je = n — =7,48.10"°(m" 4.114
X A8E 48.2,1.10" (') (4.114)
- Chiéu rong 14 nhip (b)
Thép dugc chon tur cac loai thép can bao dam diéu khién:
6<%<10 (4.115)

Néu chon b nho thi dé dam bao momen quén tinh tong (J s), can tang s 14 nhip
lam ting ma sat hodc ting chiéu day 1am ting g suit.

Néu chon b qua 16n thi lam ting ing suit xoan trong 14 nhip va mot sd 14 nhip tiép
theo khi thung xe bi nghiéng.

- Chiéu day cuia céc 14 nhip (h)

Diéu kién bén, ta c6 thé xac dinh gan ding ciia cac 14 nhip theo cong thiic sau:
y=—= (4.116)

Trong d6: y — khoang céch tir dudng trung hoa dén thé chiu kéo xa nhat.

W,— moémen chong uodn cua tiét dién
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M
W =— (4.117)
. Z 1.
Taco: M, =721 =— by (4.118)
L.2
Vi nhip elip d6i xtmg: [, =1, = % = @ =888, 75(mm) = 0,88(m)
o . ung suat cho phép uc dai, o =950+1000(MPa)
Chon o, =1000(MPa)
2 72
_ ol l.,Z.o. (4.119)
3EL,.f .M,
Véi: f,— Bién dang 16n nhat ctia nhip.
|, =(f,+f,)=0120+90)=210(mm) = 0,21(m) (4.120)
Tu cong thirc suy ra:
_ oll,.o,. _ 1,3.0,88.0,88.1000 — 0,0085(m) @.121)

3.E.f, 3.2,1.10%.0,21

Cin cr vao dang nhip cu thé cua tiét dién 14 nhip dé xac dinh chiéu cao trung binh
cua tiét dién nhip. Poi voi nhip c6 duong trung hoa la duwong doi xtng cho nén 4, =2y

Thay y vao ta dugc: A, =2.0,0085=0,017(m)
Theo khéo sét thuc té thi bé day 14 nhip dugc chon theo khoang gia tri dugc do
0,07<b<0,08
Chon b= 0,076 (m)

- S6 1a nhip (n)

b 12.J

Jy = nbhy - z 4.122)

12 b,

Thay s6 vao ta duoc:
Lo 12Jy  7,48.10712
bk, 0,076.0,017°
Chon n=1
- Chiéu dai cac 14 nhip
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1,78

Chiéu dai 14 nhip trén cung: L, = >

Véi 1a nhip tht 1: L, =0,89(m)

K ,—Hg¢ s6 tinh dén anh hudng cua la nhip dudi cung dén sy phén b khong dong

d€u dén ng suat gitta cac la K, , ta c6 cong thire:

J.
K, =(- occc.i).—z (4.123)
Iy Iy =,
O day: a,, — Hé s6 dén su tang (mg suét trong 14 nhip ngan thir nht.
Chon so b¢: J, =(1,2+1,3). Tachon J_ =1,3
J._- Momen quan tinh ciia tiét dién 14 nhip ngan tht nhat.
%>
J. . =J=J,=0,=..=J, =—= (4.124)
n

_748.10°

ce

=3,112.107(m")

b

Thay vao cong thuc K, ta co:

3,112.10-8) 7,48.10°
7,48.10° 7 7,48.10° -3,112.10°°

K =(1-1,3

p

=0,786

4.4.3 Tinh todn kiém tra sivc bén cdc ld nhip

Hién nay c6 hai phuong phap dugc dung ,dé xac dinh tmg suét trong cac 14 nhip do
tai trong bén ngoai gy ra, dua trén cac gia thiét ké khac nhau 1a: phuong phép tai trong
tap trung va phuong phap do cong chung.

+ Phuong phép tai trong tap trung cho rang: Khi lam viéc, céac 14 nhip chi ti¢pxuc
va truyén luc cho nhau & cac dau 14 nhip, phan con lai cac 14 nhip khong ti€épxic nhau
ma bién dang ty do. Phuong phdp nay c6 dd chinh xac cao va khoéi lugngtinh toan 16m.

+ Phuong phéap do cong chung thi nguoc lai, cho rang: cac 14 nhip tiép xtcnhau
trén toan b chiéu dai, khong c6 khe hé va sau khi 1ap ghép c6 @6 cong nhunhau & moi
diém.

O day ta tinh toan nhip theo phuong phép tai trong tap trung.

O diém tiép xtic gitta 14 nhip tht nhét

Véi: P=Z7Z_=11936,8(N)
X, =11936,8(N)

Giai hé cac phuong trinh
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Mo men ngoai luc tac dung 1én 14 nhip thir nhét:
M, =P-X,1 =11936,8—-11936,8.0,88 =1432,42( Nm) (4.125)
Ung suét trong 14 nhip tht nhét:

-6
o o M M6 _1432.42.610° .o o MV (4.126)
W, bk’ 0,076.0,017 m

u

MN

2
m

)

Viy tt ca cac 14 nhip déu thoa man diéu kién : o, <[o,.]=950(

max

- Tinh bén tai nhip

Hinh 4.15: So d6 tinh bén tai va chét nhip
Khi lam viéc tai nhip chinh chiu:
+ Ung suét udn do tac dung cua luc doc (lyc kéo phanh):
M, R.(d+2h)

=4 4.127
W T bhy (4.127)
2.( )
6
Hay
3.R..(d +2h)
o, =———
“T b(2h)?
Trong do:

R : Luc kéo hay lyc phanh 16n nhat
d :Puodng kinh chét nhip d = 0,03 (m)
h: chiéu day 14 nhip
b: chiéu rong 14 nhip
Ta tinh R_ bang luc kéo 16n nhat ma xe c6 thé tao ra (bang vai lyc bam cua 6 to):

R =¢R (4.128)
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Véi: @ - hé s bam, ta co: ¢»=0,7+0,8. Chon ¢ =0,75
R_— Phan lyc phap tuyén tir mat duong tac dung Ién cau trudc.

g - 075G,g _0,7530429,81
' 2

=11190,76(N)

3.11190,76.(0,03 +2.0,017)
0,076.2.0,017*

MN
Vaytacod: o, = =48,91(—)
m

+ Ung suit kéo theo:

-6
G = R :11190,76.10 :4’33(M]2V) (4.129)
b2h 0,076.2.0,017 m
+ Ung suat téng:
o,=0,+0,=48,91+4,33 = 53,24(M]2v) (4.130)
m
Vay: 0, <[0,]1= 3502
m

- Tinh bén chét nhip
Chét nhip duoc kiém tra theo ing suét chén dap theo

-6
o, =R LA2LOLIOY . M, @131
2db  2.0,076.0,017 m

MN

Chét nhip ché tao bang thép hop kim 20 ¢6 [o,]=7,5(—
m

)

Vay chét nhip di bén.
4.4.5 Tinh todn giam chin sau

Giam chan trong hé thong treo xe Danabus 1 loai giam chan hai 16p do c6 dic
tinh lam viéc 1i tuong, dé bo tri cdc van va gia thanh thap.
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)
1
9 | i 2
8\
\ ) p
MEE|
|
G B 4
(e 212
o= i3
T

Y
Hinh 4.16: Giam chan hai 16p
1 —Can piston; 2 — Xilanh; 3,7 — Van nén; 4 — Thanh gidm chan; 5,6 — Van tra;
8 — Piston; 9 — Vo
a. Xdy dung dwong déic tinh yéu cau cia giam chin
Puong dic tinh giam chin 13 dudng biéu dién giita luc can chan dong Z cia
giam chan va van toc dao dong cua 0 t6 so vdi banh xe

Z, =KV (4.132)

Trong d6: Ky — Hé s6 can cta giam chan
V, — Van tdc piston
m — Chi s6 thay d6i khac nhau trong hanh trinh nén va tra cia hé thong
treo,m =1
- Hé sb dap tat dao dong tuong doi:

K
o (4.133)

V= 2NCM

Trong d6: K — HE s6 can dao dong cua h¢ théng treo;

C - Do cung cua hé thong treo;
Gu
/i

M — Khéi lugng tinh trén magt banh xe;

C= (4.134)
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G

M=—1 (4.135)
g
Vo6i:  G’u — Trong luong tinh trén 1 banh xe,
G = % _ w ~11936,81(N) (4.136)

fi=15 cm — P vong tinh cta hé thong treo.
Déi véi cac xe 6 t6 hién nay y = 0,15 = 0,3; Chon y = 0,15.
Suy ra, Hé s6 can ctia hé théng treo K¢ duogc tinh:
_ 2uG',
NI
~2.0,15.11936,81

" 31,3.4/15

(4.137)

=29,54(Ns / cm)

Q|8 Zg

O

Hinh 4.17: So db luc tac dung Ién giam chan

Biét duogc K, tuy thudc vao dang bd phan hudng va cach lép dat giam chn ta s&
tinh duoc Kg can thiét cua giam chan. Theo tai liéu Thiét ké tinh toan 6 t6 — PGS.TS
Nguyén Trong Hoan, véi kiéu bé tri giam chan theo phuong thang dtng léch goc 13°,
ta c6 cong thirc sau :

K, 29,54

tr

K, = + 2
£ cos(6)""  cos(13)

=35,874(Ns / cm) (4.138)

Trong gidm chan thuy luc tdc dung 1én hai chiéu khong d61 xting nén luc can cia
hanh trinh trd 16n hon lyc can ctia hanh trinh nén cia gidm chan. Vi vay, hé so can ctua
giam chan duogc tinh theo:
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. = % (4.139)
Ti s6 giita hé s6 can clia giam chéan trong hanh trinh tra va hanh trinh nén thuong
£=3.
at
- Hé s6 can hanh trinh nén:
= % =K, = [Zg _3 5’574 —~17,937(Ns/ cm) (4.140)
- Hé s6 can hanh trinh tra:
K, =3K, =3.17,937=53,811(Ns / cm) (4.141)
- Lyc can giam chén Z,:
+ Giai doan lam viéc binh thuong, van toc piston V,, =V, =30(cm/ s) :
e Luc can sinh ra trong hanh trinh nén nhe:
Z.,=K,JV,=17,93730=538,107(N) (4.142)
e Luc can sinh ra trong hanh trinh trd nhe:
Z,=K,V,=53.81130=1614,32(N) (4.143)
+ Giai doan 1am viéc & ché do giam tai, van toc plston V,=V,=60(cm/s).Lac
nay van giam tai mé, hé sb can ciia giam chan giam xuéng K’,
e Hé sb can hanh trinh nén:
K',=0,6K, =0,6.17,937=10,762(Ns/ cm) (4.144)
e Hé s can hanh trinh tra:
K',=0,6K,=0,6.53,811=32,286(Ns/ cm) (4.145)

e Luc can sinh ra trong hanh trinh nén manh:

Z o =Z gy + K", (V,, —V,) = 538,107 +10,762.(60 —30) = 860,971(N) (4.146)

gnl
e Luc can sinh ra trong hanh trinh trd manh:

Zyp=2,+K',.(V,-V,)=1614,32+32,286.(60 —30) = 2582,912(N)
(4.147)

Tur cac gia tri Pgnmax ,Pgtmax ,Pgn ,Pgt K'gt K'gn ,Kgt ,Kgn,Vgmax,Vg ta vé
dugc duong dac tinh dan hoi nhu hinh :

gt
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Z(Jn (N)
A
Z,,,=860,97
v z,,7538,1 s
V _(m/s) » V /
o i 0.6 0.3 L;;ﬁ("" s)
h 0.3 06
h Y Yéu Manh
Man ¢ éu e
z,=1614,32
z,,72582,9
v
Z,(N)

Hinh 4.18: D6 thi dudong dic tinh giam chan
b. Tinh todn théng sé kich thuéc:

AT I~
ZRZ ZR7
Z
e
Z 5
% |

dp
2
Z Gnge 2
7z 2
AU~ ~UV

Hinh 4.19: Kich thuéc cac chi tiét trong giam chan
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_%’@
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Hinh 4.20: Chiéu dai céc chi tiét va goc dit giam chin
- Puong kinh piston giam chan d, = 50 (mm)
- Puong kinh céan piston giam chan d. = 20 (mm)
- Puodng kinh ngoai cta giam chan dnge = 65 (mm)
- Chiéu dai tir u han ché t&i dau trén cta ty ddy: Ly= 55 (mm).
- Chiéu dai nap giam chan Ly=0,5.d, = 0,5.50 = 25 (mm)
- Chiéu day cua piston Lp = 0,8.d, = 0,8.50 = 40 (mm)

- Hanh trinh piston Hp 13 bién dang ctia hé thdng treo. Do cdu tao cila giam chén
c6 nhiém vu la try xoay dung, mat khac, duong tam truc cua gidm chan khong trung véi
duong tam 1y thuy€t cta try xoay ding va c6 goc nghiéng cua giam chan y,. =20°, do
do:

120+90

Ho= Tt = = 224 (mm). (4.148)
cos(y,.) cos(20%)

- Chiéu dai cua ty ddy: Lt =Ly + Ly + Hp = 55 +25 + 224 = 304 (mm).

- Khoang cach tir day cua piston t61 mat trén cua c6 ngoai khi piston nam ¢ diém
chét dudi Ly, Lk = (0,4#0,9)d, chon L= 0,6.d, = 0,6.50 = 30(mm).

- Khoang cach tir day ctia vo trong tdi day ctia vo ngoai Ly = dp = 50 (mm)
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién
- Chiéu dai cta xylanh giam chén :
Lx=Ly+ Hp+ 2Lp + Lk + Ly = 25+304 +2.40 +30 +50 = 489 (mm).
- Chiéu dai toan giam chén 1a: L = Lx + Ly =489 + 55 = 544 (mm).
c. Xdc dinh tiét dién heu thong ciia cdc van gidm chan

- Tong dién tich ctia cac 16 van:

= 4.149
7 ( )
e |—F
PSp
. . d, 0,05 S
Trong do:  Sp— Dién tich dinh piston; S, = ﬂ.f =T. =1,963.10"(m")

V¢ — Van téc dich chuyén cua piston;
Fp — Dién tich hitu ich cua piston giam chan;
1 — Hé s6 thong qua tiét luu, chon p=0,7;
p — Khéi luong riéng cua dau giam chan, chon p = 900 (kg/m?)
+ Truong hop & hanh trinh nén:

Dién tich hiéu dung cuia piston gidm chan:

T T _
F, =Z.d; =Z.0,052 =1,963.10"(m> / 5) (4.150)
Vi dp = 0,05 m — DPuong kinh piston.
e Nén nhe: V=V, =0,3(m/s)
F,V -3
=S, =—=2L = 1,763.10 0,3 =34,086.10°(m?*) = 34,07(mm?)
2Z, o4 2.538,11
N\ ps,  \900.1,963.107
eNénmanh: V, =V,,, =0,6(m/s)
F,V -3
rlpz __ 1,963.10°.0,6 =53,895.10°(m*) = 53,9(mm?)
2.860,97

gn2

"\ 900.1,963.10°°

+ Truong hgp & hanh trinh tra:

Di¢n tich hi€u dung cua piston giam chan:

T T _
F = Z.(df,—alf) = Z.(0,052 —-0,02%)=1,649.10"(m" / 5) (4.151)
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Véi di = 0,02 (m) — Puodng kinh céan piston.

e Tra nhe: Ve =V =0,3(m/s)
1,649.107.0,3
P gtl -6 2 2
_ =16,53.10"(m") =16,53(mm
533 = 2Z 2.1614,3 o) ( :
pS, "\ 900.1,963.10°°
e Tra manh: Vir =0,6(m/ s)
-3
5, =t gn _ L0006 o614 10 (m) = 26,14(mm?)
gtl 2.2582,9
900.1,963.107

- Tinh kich thudc cac 10 van nén va 16 van tra:

Puong kinh cua cac 16 van duoc xac dinh theo cong thtrc:

d=2]%% 4.152)
nn

Véin—So 10 van.

Véi két cau giam chan 2 16p vo ¢ cac van nén va tra nhe 13 cac van 14 luon mo
trong cac hanh trinh nén nhe hay tra nhe, khi xe lam vi¢c & diéu kién duong xa tuong
d6i tot mat duong khong gd ghé 1am, lac nay luc kich dong mit duong nhé giam chin
lam viéc & ché do tai nhe ttrc 1a lac nay ap suit dau khong cao 1dm. V&i van tée v < 0,3
(m/s) thi chét 16ng chi di qua céc 16 van thong qua chit chua du 4p suat lam thay doi dién
tich luu thong. Twr d6 suy ra:

+ Puong kinh 1 16 van nén trong hanh trinh nén nhe, véin = 6:

d = 2\/S21 = 2\/34’07 =2,7(mm)
n 7.6

+ Puong kinh 1 16 van nén trong hanh trinh tra nhe, véi n = 6:

,S / .
d =2 23 -9 ﬁzlﬁ(mm)
n .4

Van tra manh lam viéc khi van toc piston v > 0,3 m/s, khi d6 xe lam viéc ¢ diéu
kién dudng xa gb ghé, mat duong xau, lac nay lyc kich dong mit duong 16n, giam chan
lam viéc & ché do tai nang lam giam chan bi nén vao hoic kéo ra rat manh, 1am ap suét
dau tang mot cach dot ngdt. Vi van te piston v > 0,3 m/s thi dong chat 1ong lic nay
¢6 luu lugng 16n hon luu lugng ciia dong chét 1ong trong hanh trinh nén hay tra nhe,
mot phﬁn chat long di qua cac 16 van nén va tra nhe, phén con lai tao ra ap luc 16n hon
luc can cua cac 10 xo van nén va van tra manh 1am mé hét cac van, tire 1a dién tich luu
thong liic nay 14 téi da. Tir d6 suy ra:
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Thiét ké néang cap hé thong xe Danabus diesel thanh xe dién
+ Puong kinh 1 16 van nén trong hanh trinh nén manh, véi n = 4:

Ss,—S -
J :2\/ s :2\/53,9 34,07 _ 2 5(am)
n 7.4

+ Puong kinh 1 15 van tra trong hanh trinh trd manh, véi n = 4:

Se, —S -
" :2\/ 0 — S5 :2\/26,14 16,53 1, 7(mm)
nn

.4
d. Cong va céng sudt tiéu thu
Phuong trinh can bang nhiét cta chat 1ong trong giam chén:
N,=a.S, (T,-T )t (Nm/s) (4.153)
Trong do :
+ Ny — Cong suét tiéu thu boi giam chén,
(K, + K)o

=V (4.154)
Véi Vg = 0,3 m/s ta duogc:
Z +7Z

N, =Tty 538’”21614’3 0,3=322,86(Nm/ 5)

+ oy - Hé s6 truyén nhiét, chon ox = 60 (J/m2h°C)

+ S, — dién tich mit ngoai cta giam chan (m?),
S,=nd, ( +L;) (4.155)

065

09 2
=S, = 7.0,065.( 1+0,544) = 0,118(m?)

+ Tm — nhiét do moi truong (°C). Chon T = 30°C
+ Ty — Nhiét d6 16n nhét ciia thanh giam chan
+ t — Thoi gian lam viéc cua giam chan, t = 1h = 3600s

Tir cong thirc 4.54, ta c¢6 thé kiém tra ché do nhiét ciia giam chan sau 1 gio lam

viéc:
Ntt
g max at .Sg [ g max :| ( )
322,86
=T = o —+30276°C <[ T, |=120°C
60.0,118.1 £

Viy nhiét 6 cta giam chin khong vuot qua gia tri cho phép 1a (100 = 120) °C
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4.5 Tinh toan b phan dan hoi khi nén
4.5.1 Thong so kj thudt

Bang 4.2: Thong s6 ki thuat

SVTH: Tran Nhat Huy, H6 Dic Nhat, Bao Minh Théng

Tén goi Ky hi¢u Théng sé Pon vi
Trong lugng xe khong tai G, 32373 N
Trong luong xe diy tai G, 50700 N
Trong lwong dit 1én cau trudce khi khong tai G, 12949,2 N
Trong luong dat 1én cau trudc khi day tai G, 19423.8 N
Trong lwong dit 1én cau sau khi khong tai G, 20280 N
Trong lugng dit 1én cau sau khi ddy tai G, 30420 N
Chiéu dai co s& L 3950 mm
Kich thudc bao DxRxC | 6800x2200x2720 | mm
Vét banh xe phia trudc B, 1750 mm
Vét banh xe phia sau B 1560 mm
Khoang sang gam xe H;, 150 mm
Ban kinh banh xe Tx 0.33 mm
Goc nghiéng ngang tru xoay ding (goc
Kingpin) Oy 13 do
Su thay d6i goc nghiéng ngang AS 1.5 do
Goc nghiéng ngang banh xe (goc Camber) 70 0 do
Ban kinh banh xe quay quanh tru ding o 60 mm
Do vong tinh Ji 120 mm
Do vong dong Ja 90 mm
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Tén goi Ky hi¢u Théng sé Pon vi

Do vong cua hé thdng treo khong tai S 100 mm

4.5.2 Khdo sdt dwong kinh l6n nhét va dwong kinh nhé nhit: [38]
Chon 4p sut ban dau & trang thai khong tai: P, = 6(bar) =6.10°(N / m*)

Trong lugng ciia cau sau trong trudng hop khong tai G, =20280(N), suy ra
trong lwong tac dung 1én mot bén hé thong treo ciu sau:

Z = Gy = 20280 =10140(N) (4.157)
2 2
Luc tac dung 1én bo phan dan hoi:
Z1l,  10140.448

F = = =20858,5(N) (4.158)
[,.cos(d,) 240.cos(13°)

Trong d6: [, : Khoang cach tir tim quay khop trong ctia cang chit A dén banh xe
[,.: Khoang cach tir tim quay khop trong dén vi tri dat balon khi
Mat khac:

rd,,’
4

Suy ra duong kinh hiéu dung cua piston dugc tinh:

P 4.20858,§ = 0.21(m) = 210(mm)
r.p, \3,14.6.10

F . =4,p,=

os

Dy (4.159)

bJ cing cia bd phan dan hoi:

c, =t _ 20858,5 _ 508585(N / m) (4.160)
£ 0l

Xac dinh duong kinh piston tai vi tri cia hanh trinh nén va tra 16n nhat:
- Tai vi tri tai trong tinh ban dau (z=0):
F,=C,.f, (4.161)
- D¢ vong tinh cia hanh trinh 16n nhat:
f=f+1., (4.162)

- Luc tac dung 1én b phéan dan hoi tir vi tri can bﬁng dén vi tri tra hodc nén 1on
nhat:
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AF =F,—F = p,AS (4.163)
+ Tai vi tri cta hanh trinh tra 16n nhit (z=-80mm)
=G,
=1, +f, =120-80 = 40(mm)
F, =C,.f, =208585.0,04 =8343,4(N)

Tur vi tri can b'flng dén V1 tri tra tra 16n nhét, lyc tac dung 1én bo phan dan hoi thay
doéi mot luong:

AF =F, - F, =20858,5-8343,4 =12515,11(N)

T
AF = p,.AS = po-z-(dwo2 _dw12)

d,=|d,, ———=,[021 —m =0,133(m) =133(mm)
7T.p, 7.6.10

+ Tai vi tri cta hanh trinh nén 16n nhat (z = 80mm)
£, = £+ f, =120+80 = 200(mm)
FE, =C,.f, =0,2.208585=41717(N)

Tt vi tri can bang dén vi tri nén 16n nhat, luc tac dung 1én bd phan dan hoi thay
doéi mot luong:

AF =F, - F,=41717-20858,5=20858,5(N)

T
AF = p,.AS = po-z-(dwzz _dwoz)

=d,, =\/alwo2 _AAF 0,21% —
7T.D, 7.6.1

4.20858,5

0

0,2975(m) = 297,5(mm)

Chiéu cao ctia buéng dan hoi:
h > f, (max)+ f, (max) = 80 + 80 =160(mm)
Chon hp = 180 (mm)
4.5.3 Khdo sat diic tinh ciia b phin dan héi: [38]

- Bbuong kinh balon khi thay doi phu thudc vao chuyén vi z theo hanh trinh nén:

d,=d, +ztan(a,) (4.164)
- Puong kinh balon khi thay d6i phu thudc vao chuyén vi z theo hanh trinh tra:
d,=d ,+ztan(q,) (4.165)
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e Hanh trinh nén

Ta co:

tan(a,) = Do

— dwO

297,5-210
0

= o, =62,41(°)

=1,089(rad)

- Dé tan s6 dao dong 1a khong d6i voi moi tai trong, nghia 1a d6 vong tinh khong
thay d6i d6i voi moi tai trong. Nén S¢ = So

F.
Tu _ P (4.166)
F:)s pO
- Luc tac dung 1én bd phan dan hoi & trang thai dﬁy tai ¢ trang thai tinh:
G2t Zl
=—= —F— 4.167
¥ 271 .cosS (@.167)
- Luong chénh Iéch trudc va sau tai:
G, =G, -G, =30420-20280=10140(N) (4.168)
G, =G, +G,.G, (4.169)
Bang 4.3: Tinh luc dan hoi
GO% G25% GSO% G75% G75% G120%
20280 22815 25350 | 27885 | 30420 | 32448
- Khi tai trong thay di, 4p suat khi nén & cac muc tai khac nhau:
Bang 4.4: Ap suét khi nén tai trong
Luc dan hoi F (N) | 20858,5 | 23465,8 | 26073 | 28680 |31287,79 | 33373,6
Tai trong %/ Kg 0% 25% 50% 75% 100% 120%
P (bar) 6 6.75 7.5 8.25 9 9.6
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P (bar) Ap suat Pt (bar)
12
10

8

0 G, (%)
0% 20% 40% 60% 80%  100%  120%

Hinh 4.21: Biéu d6 thé hién ap suat khi nén thay doi theo tai trong

FQ0 Lyc dan hoi
40000
35000
30000
25000
20000
15000
10000
5000

0 G, (%)
0% 20% 40% 60% 80% 100% 120%

Hinh 4.22: Biéu d tai trong tac dung 1én balon khi
e Hanbh trinh tra

- Lyc tac dung 1én bg phan dan hdi phu thudc vao thé tich khi thay di trong qué
trinh tra dich chuyén

tan(er,) = dy,—d, _210-133

=0,966(rad)

= a, =55,38(°)
- Lyc tac dung 1én bo phan dan hdi ¢ hanh trinh tra:

rd,’
4

F=p. (4.170)
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- Lap bang dudng kinh balon khi thay dbi theo z:

Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién

Béang 4.6: Luc tac dung Ién balon khi theo tirng murc tai trong

Béang 4.5: Bang duong kinh balon khi

dwso | 0.297534 m
dweo | 0.275747 m
dwao | 0.253961 m
dw2o | 0.232175 m
dwo |0.210388 m
dw20 | 0.191056 m
dw-40 | 0.171125 m
dw-6o | 0.152393 m
dw-so | 0.133061 m

Tai Z 0% 25% | 50% | 75% | 100% | 120%
80 mm 41717 | 46932 | 52146 | 57361 | 62576 | 66747

60 mm 35831 | 40310 | 44789 | 49268 | 53747 | 57330

Nén 40 mm 30393 | 34192 | 37991 | 41791 | 45590 | 48629
20 mm 25402 | 28577 | 31753 | 34928 | 38103 | 40643

0 mm 20859 | 23466 | 26073 | 28680 | 31288 | 33374

-20 mm 17201 | 19352 | 21502 | 23652 | 25802 | 27522

Tra -40 mm 13897 | 15634 | 17371 | 19108 | 20845 | 22234
-60 mm 10944 | 12312 | 13680 | 15048 | 16416 | 17510

-80 mm 8343 | 9386 | 10429 | 11472 | 12515 | 13349
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60000
50000 0% tai
25% tai
& 40000 —50% tai
= 30000
-
k=l
g
320000
10000
0
08 -06 -04 02 0 02 04 06 08
Hanh trinh piston (m)

Hinh 4.23: Db thi luc dan hoi tac dung 1én balon khi & céc truong hop khac nhau

Ty 18 thay d6i dan hoi tai trong thay d6i khong phu thudc vao chuyén vi cia balon
khi nén. Ty I¢ gia tang lyc dan hoi nhé so vai ty 1€ gia tdng tai trong (Vi du: Ty I¢ gia
tang tai trong 50% nhung ty I¢ gia tdng dan ho1 12,5%).

Béng 4.7. Ty 18 lyc dan hoi theo timg murc tai trong

Tai i} 0% 25% 50% | 75% | 100% | 120%
80 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600

60 mm 1 1.125 | 1250 | 1375 | 1.500 | 1.600

Nén 40 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600
20 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600

0 mm 1 1.125 | 1250 | 1375 | 1.500 | 1.600

20 mm 1 1.125 | 1250 | 1375 | 1.500 | 1.600

Tra _40 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600
~60 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600

-80 mm 1 1.125 | 1250 | 1.375 | 1.500 | 1.600
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Ty 1€ % lwe dan hoi
2,0
1,5
1,0
0,5
0,0
0% 20% 40% 60% 80% 100% 120%

Hinh 4.24: D6 thi thé hién ty 1€ luc dan hoi voi su gia tang tai trong

4.6 Mo phong kiém nghiém bén

Sau khi hoan tat cac budc tinh toan thiét ké cho hé thong phanh va hé thong treo,
cac thong sb kich thudc, dic tinh vat liéu va diéu kién lam viéc da duge xac dinh phu
hop véi yéu cau van hanh cia xe. Tuy nhién, dé danh gia do tin cdy cua cac két cau co
khi dudi cac diéu kién tai trong thuc té, can tién hanh mé phong kiém nghiém bén cho
céc bo phan chinh, dic biét 1a hé thong treo.

Viéc mo phong bang phuong phap phan tir hitu han (FEM) giup kiém tra ung suét,
bién dang, ving tap trung ng suat va tir d6 xac dinh liéu két cau da dam bao d6 bén co
hoc, an toan va tudi tho trong diéu kién 1am viéc lién tuc hay chua. Day la budc khong
thé thiéu nhdm x4c minh lai do bén thiét ké, hd trg diéu chinh két cu, lya chon vat ligu
hop 1y hon néu can thiét, trude khi tién hanh ché tao thuc té.

Qua trinh mo phong dugc thyc hién bang phén mém Autodesk Inventor, str dung
cong cu Stress Analysis dya trén phuong phap phan tir htru han (FEM). Muc tiéu la danh
gia cac dai luong nhu:

«  Ung suét chinh (von Mises)

« Bién dang tong

«  Ving tip trung Ung suit nguy hiém
« Hé s6 an toan (safety factor)

Thong qua md phong, ta co thé kiém tra xem thiét ké da dap tmg dugc yéu cau do
bén — tudi tho hay chua, tir d6 diéu chinh lai kich thudc, hinh dang hozc vat lidu néu can
thiét, nham dam bao két cAu hé théng treo hoat dong on dinh, an toan trong sudt vong
do1 van hanh.
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4.6.1. Kiém nghiém hé thong phanh

a, ba
Hinh 4.25: Mo hinh dia phanh thiét ké trong Inventor
a, Pia phanh trude; b, Pia phanh sau
- Chon vat li¢u: Hop kim AISI12. C6 gi6i han chay o, = 15.10"(N / m*), mb dun

dan hoiE =70.10°(N /m?), khéi luong riéng p =2700(kg/m’), nhiét dung riéng
C=850(J / kg.K)
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Matenal Editon ALS

Identity  Apgearance =  Physieal =
¥ Information
¥ Basic Thermal

]

ROk

Thermal Conductivity 6.955€-07 btuw/(insec*f)

Spedilic Heat 0203 bru/Ib*T)

LE]

Thermal Expansson Coefficient 1.300€-05 v *F

¥ Mechanical

Gehavior | lsotropic

U

1
|

Young's Moaguus 1020607 pet
Poisson's Ratie 030
Shear Modulus 3. T70E+06 ps

BRIERICQIE

Dersity 0.097 pound per cubic inch

Yield Strength 2200€+04 ps

TF

Tersile Strength 3 000€ +id po

M G  cooce

Q.

Hinh 4.26: Nhap thong s6 vat liéu

- Vi dia phanh lé,phﬁn tir chuyén dong quay nén ta mo phong dia phanh trudc quay
theo sO vong quay nhat dinh.

- bt lyc tac dung: tai trong dat 1én 16 xo 1a tai trong dong cua lyc ép co cAu phanh
dia 1én mo6i banh xe trudce; bang 26229,57N.

Hinh 4.27: Dat lyc va nhap thong s6 luc tac dung mat phai dia phanh trudc
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Hinh 4.29: Dat lyc va nhép thong sd luc tac dung mat phai dia phanh sau

GVHD: TS. Lé Minh Tién 150
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké néng cdp hé thong xe Danabus diesel thanh xe dién

Hinh 4.30: Dat luc va nhap thong s6 luc tac dung mat trai dia phanh sau

- Tién hanh Create Study cho ra lyc ma momen phan b 1én dia phanh truée, dia
phanh sau.

Hinh 4.31: Create Study

a, Pia phanh trudc; b, Pia phanh sau

- Chia lu6i: thyc hién chia lu6i dia phanh trude voi 155119 nut va 95886 phan tt,
dia phanh sau voi 140066 ntt va 85993 phan tu.

GVHD: TS. Lé Minh Tién 151
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién

Hides 1S5 LY Noches 140066
Bemerts #in Brrments 85693

a, b,
Hinh 4.32: Chia luéi dia phanh
a, Pia phanh trudc; b, Bia phanh sau
- Két qua:

+ Ung suat: Ung suat Von Mises cuc dai dia phanh truéc och= 35,64 MPa, dia
phanh sau och= 25,88 MPa trong khi ung suat t61 thiéu 0.00 MPa. Ung suat cuc dai nay
van thap hon nhiéu so véi vat liéu hop kim AISI12

a, ba
Hinh 4.33: Ung suét tac dung 1én dia phanh
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a, Pia phanh trudc; b, Pia phanh sau

+ Chuyén vi: C4 hai dia phanh trudc va sau 1am bang hop kim AISI12, déi voi
dia phanh truéc khi chiu tai trong t6i da 13114,785N; cho thay bién dang tong cong tdi
da 0,006789 mm tai diém luc phanh tac dung vao, dia phanh sau khi chiu tai trong tdi
da 9767,155 N; cho thay bién dang téng cong ti da 0,005107 mm tai diém luc phanh
tac dung vao.

a, ba
Hinh 4.34: Chuyén vi ctia dia phanh
a, Pia phanh trudc; b, Bia phanh sau

+ Hé s an toan: Két qua cho thiy rang do an toan cia dia phanh c6 gia tri 4,26 véi
dia phanh trudc, 5,86 véi dia phanh sau. Vi ly thuyét tinh toan thi bién dang nho, chi
tiét hoat dong tot vé mat cing virng, d an toan cua vat li€u 16n hon 1 thi dat 46 an toan.
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a, b,
Hinh 4.35: Hé s an toan cta dia phanh
a, Pia phanh trudc; b, Bia phanh sau
4.6.2 Kiém nghi¢m hé thong treo
a. Lo xo treo trudc
% M5 hinh 10 xo str dung trong md phong 14 16 xo véi cac kich thudc da thiét ké.

Bang 4.7: Thong s6 10 xo thiét ké

Théng s6 Gia tri
Puong kinh day 10 xo (mm) 14
Puong kinh trung binh cua 10 xo (mm) 112
S6 vong 8
Chiéu dai ban ddu (mm) 382
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Hinh 4.36: Mo hinh 16 xo thiét ké trong Inventor

- Chon vat liéu: Theép AIST 4140 t61 ram ¢ d6 cung 40 HRC. Co gidi han chay oen=
1000 MPa, m6 dun dan hoi E = 2,05.10!! N/m?, Khoi lugng riéng p= 7850 Kg/m? Nhiét
dung riéng C =475 J/kg.K.
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Material Editor: Thép AISI 4140 ¥

—+

Identity Appearance 3 | Physical =
¥ Information
¥ Basic Thermal
Thermal Conductivity 6.837E-02 btu/(in-sec-°F)

Specific Heat 0,114 btu/(Ib-*F)

ERIREIRD

Thermal Exp...Coefficient  6.800E-06 inv °F

¥ Mechanical
Behavior | Isotropic
Young's Modulus  3.046E+07 psi
Poisson's Ratio  0.30

Shear Modulus  1.160E+07 psi

PIEA0] [9P] (4P

Density 0.284 pound per cubic inch—

¥ Strength

Yield Strength  1.450E+05 psi

[{P] [P

Tensile Strength |1.600E+03 psi

'3?. - M oK Cancel Apply
Hinh 4.37: Nhap thong s vat liéu Thép AISI 4140

- Co dinh cac béc tu do cua 10 xo: Trong hé thong treo doc 1ap, mot dau cua 10 xo
dugc gan ¢ dinh (thuong 1 khung xe). Pau con lai ndi véi tay don va chiu luc tir mat
duong, di chuyén theo phuong dung. Vi vay, thyc hién rang budc mot dau 10 xo cb dinh,
dau kia chiu tai trong va gidi han chuyén dong ctia 10 xo chi theo chiéu thang dung, tic
1a ¢b dinh 2 bac tu do cta than 10 xo theo phuong X,Z.
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S ooy
I

Hinh 4.38: Han ché bac ty do & mat dudi 16 xo

@ Faces

@ x Cancal Aol <<

4] Uve Vectir Components

Hs |owome

(W

Hz [0000mm

Sl | 1000 | =
R4 Deplay Giysh
Karre

Fieed Constrant=2

Hinh 4.39: Han ché bac tu do theo phuong X, Z cua 10 xo

- bat luc tac dung: tai trong tac dung 10 xo 1a tai trong tinh cua toan b xe dat 1én 1 banh
xe, Z:=7957,872 N.
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Force

E}'«u B 5 recton

Megretude 7455‘)!71 N

]

Hinh 4.40: Dat luc tac dung 1én 16 xo

- Chia lu6i: thyc hién chia lu6i tw dong chi tiét 16 xo voi 15390 nut va 8426 phan tir.

Hinh 4.41: Chia ludi 10 xo

- Két qua:

+ Ung suat: Ung suat Von Mises cuc dai 6cn = 463.5 MPa, tap trung & vong xoan
dau trén, tai noi tiép xuc tai.
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MNodes: 15390
Elerments:8426
Type: Von Mises Stress

Unit; MPa
5/17/2025, 9:16:05 AM

' 463.5 Max

|| 370.8

Max: 463,5 MPa

|| 278.1

| 1854

92.7
i 0 Min

A
o>
Hinh 4.42: Ung suét tac dung 1én 10 xo

» Nhan xét: Ung suét tap trung o dau 10 xo tai mit tiép xuc, giam dan doc theo
chiéu dai 16 xo. Ung suat cuc dai nay van thap hon nhi€u so véi vat liéu thép carbon
cao c6 gid1 han chay 14 6chmax =1000 MPa nén 10 xo an toan.

+ Chuyén vi: Lo xo0 béng thép cacbon cao, khi chiu tai trong t6i da 7957,872N, cho

théy bién dang t6i da 1,53 mm tai diém dat tai trong va chuyén Vi giam dan doc theo
chiéu dai 10 xo.
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Nodes: 15350
Eementsigdos  LMax: 1:533 mm Il

Type: Displacement
Unit: mm

5/17/2025, 9:16:57 &M
1533 Max

k227

|| 0.92

| 0613

0,307
i 0 Min

Hinh 4.43: Chuyén vi cta 10 xo

» Nhan xét: Gia tri chuyén vi tuong ddi nhé, thé hién d6 cung cua 10 xo dat yéu
cau. Phan bo déu theo dang gradient mau cho thay 16 xo bién dang tuyén tinh, lam viéc
on dinh, khong bi bién dang cuc b bat thuong.

+ Heé sb an toan: Hé s6 an toan tdi thiéu cua 10 xo dat 2,16 tai vung chiu tai trong
to1 da trén 10 xo.
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MNodes: 15390

Elements:8426

Type: Safety Factor

Unit: wl

Sf17/2025, 9:17:23 AM
15 Max

!12

I

I
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F 3

o>

Hinh 4.44: H¢ s6 an toan cua 10 xo

» Nhan xét: Lo xo c6 kha nang chiu tai kha tot trong vung lam viéc hi¢n tai. Hé sb
an toan toi thiéu > 2 dat yéu cau an toan khi ché tao 10 xo tmg dung trong hé théng treo.
Phan 16n than 16 xo ¢6 hé sé an toan cao, khong bi qué tai, khong c6 phan tir ndo mat
an toan hay bi pha huiy trong diéu kién chiu tai tinh.

b. L4 nhip hé thong treo sau

Chon vat liéu: Thép carbon khong cao 1.6582 (34CrNiMo6). C6 gioi han chay cen
= 10° N/m?, M6 dun dan hoi E = 2,1.10'"! N/m?, Khoi lugng riéng p= 7800 Kg/m?* Nhiét
dung riéng C =440 J/kg.K.

GVHD: TS. Lé Minh Tién 161
SVTH: Tran Nhat Huy, Ho Dac Nhat, Dao Minh Thong



Thiét ké ndng cdp hé thong xe Danabus diesel thanh xe dién
Material Editor: Steel, Carbon =
Identity Appearance = @ Physical =

P Information

¥ Basic Thermal

Thermal Conductivity  4.760E+01 W/ (m-K)

Specific Heat 0.430 1/{g-°C)

{61 [T [P

Thermal Exp...Coefficient 12,000 prm/(m."C)

¥ Mechanical

Behavior |Isotropic
Young's Modulus 200,000 GPa
Poisson's Ratio 0.29
Shear Modulus  79700.000 MPa

Density  7.850 g/cm’

(BT [T LT [T L«

¥ Strength

Yield Strength 350.000 MPa

] [P

Tensile Strength 420,000 MPa

L] Thermally Treated

@ m

Hinh 4.45: Nhap thong sd vat liéu
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Hinh 4.46: Hinh anh 14 nhip trong inventor

o

Hinh 4.47: Han ché bac tu do & tai nhip.

- Pat luc tac dung: Két hop voi diéu kién ve tai trong phan bd cau sau thiét ké cau
sau co sy thay doi va su phan bo tai trong 1a 40:60 cho nén luc tdc dung 1€n cau sau co
gia tri la 11937N.
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Force n
Faces Y |El Direction

Magnitude 11937

® s

Hinh 4.48: Dat lyc trén 14 nhip

- Chia luéi: Thyc hién chia lué6i chi tiét voi 1313 1nht va 7916 phan ti.

Hinh 4.49: Chia ludi 14 nhip

- Két qua:
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I'J’ng suat: Khi la nhip chiu tai trong, nd s€ chiu ap luc va bién dang. Ung suét cua
14 nhip thé hién mirc do cing bang cua vat lidu trong 14 nhip dudi tac dong cua luc. Qua
hinh 6.20 ta thay dugc Gng sudt 16n nhat cua 14 nhip tai chd ngam chét nhip dugc thé
hién bang mau do c6 gia tri 6en = 57,53 Mpa so voi ung suat 1on nhat ma vat lidu thép
carbon 1.6582 (34CrNiMo6) c6 thé chiu duoc 1a Gehmax =1000 Mpa.

Motk 13131

Beovres FEA

Tebe ¥oh Moes Syem

Lt M

SPAE0, 1240 25 i
5.5 M

..

Hinh 4.50: Ung suét trén 14 nhip

Chuyén vi: La nhip chiu lyc trong lugng ban than dugc thé hién qua thang do mau
xanh c6 gia tri 1 0 thay d6i 3,482mm duoc thé hién qua thang mau d6 tuong tng véi
thoi diém chiu tai trong. PO dich chuyén nay thap hon so véi do vong tinh ft ban dau
duarala 110mm.
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STRIRR, 12074 b
2412 Ma
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Hinh 4.51: Chuyén vi trén 14 nhip

Hé s6 an toan: Do an toan ciia 14 nhip dugc tinh theo Gng suat Iy thuyét chia ung
suat thuc t€ vdi gia tri 1000/785.172 ¢6 hé s0 an toan 1a 1.27>1 thi vat liéu do6 an toan.

Nodes: 13131

Baments: 7916

Tyoe: Selety Facter

Ut J

SYLEF5, 1207550
SMs

L] famn

Hinh 4.52: Hé s6 an toan trén 14 nhip
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CHUONG 5: TINH TOAN THIET KE TRAM SAC VA GIAM SAT VAN
HANH

5.1 Tinh toan thiét ké tram sac tich hop niing lwgng mit troi
5.1.1 Muc tiéu thiét ké

Dua theo diéu kién van hanh cua xe buyt dién da thiét ké & trén, c6 thé dau tu lép
dat mot he théng tram sac nhanh DC tai bén dd nham dap ung nhu cau sac nhanh chong
va tién lgi cho xe buyt dién, rut ngén dang ké thoi gian sac, tang tinh tién loi trong qua
trinh dé sac cho xe phong trir nhitng trudng hop khén cap.

Trén thuc té hién nay, co nhiéu bén xe 13 tram dirng cho cac d6i xe Danabus trong
thanh phé theo cac tuyén tuong ung la bén xe trung tim Pa Ning, bén xe Xuan Diéu,
bén xe Pham Hung,.. _Thiét ké tram sac nhanh dit tai hai bén dimng chinh, 1a diém xuat
phat ctia nhiéu tuyén xe buyt va c6 vi tri thuan lgi d6 12 bén xe trung tAm va bén xe Xuan
Diéu. CAu hinh tram sac tai hai bén nay la nhu nhau.

Theo thong tin duoc cong bd, sé luong xe trung binh tai bén xe trung tam 13 18
chiéc. Vi xe chu yéu sac cham qua dém, céc tru sac nhanh dé sac khan cap nén dé xuat
xay dung tram sac dap ung 40% so lugng xe tai bén.

Thiét ké tram sac Qhanh DC sac d@)ng thoi cho 8 xe buyt, ddm bao yéu cau sac nhanh,
an toan, hi¢u qua va dé van hanh.

Ngoai ra, dé toi wu chi phi cing nhu tan dung cac dleu kién thuan loi sin c6 nhu
thoi gian nang trong ngay nhleu bai xe rong... Nhom dé xuit str dung két hop he thong
dién ning luong mit troi dé t6i wu hoa qua trinh sac, mang lai hiéu qua kinh té cho nha
Xe.

Hé thong dién nang lugng mat trdi s& duge sir dung cho muc dich thay thé cho hé
thong tram sac trong gid cao diém, tic 13 s& sac hoan toan bang dién ning lugng mit
troi dé giam luong dién mua tir ludi dién véi gia cao trong gid cao diém.

V61 muc ti€u quan trong la giam chi phi dau tu, nang cao hiéu qua kinh té, lgi nhuan,
khai thac dién nang hiéu qua nht tir nguon nang luong mat troi. Do do, lya chon Mo
hinh hé théng Pin mit troi két hop ndi ludi c6 luu trir. M6 hinh hé thdng ning luong
mat tro1 nay chi &p dung cho mét tru sac duy nhét tai bén.

Vay, muc tiéu thiét ké tram sac 1a hé théng sac co 4 tru sac, mot tru sac tich hop hé
thong nang lugng mat troi co luu trir.

5.1.2 Céu hinh hé théng tram sac

Véi dac thu tram xe buyt (khu ky thuét, c6 quan ly, c6 khong gian dat thiét bi),
phuong an thiét ké t6i wu 1a sir dung b ngudn tap trung gitip d& quan Iy & giam chi phi
day AC.

% So d6 nguyén li hé thong tram sac:
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May bién ap

Ta ng_uén DC
tong

Tru sac Tru sac Tru sac Tru sac
1 2 3 n

Hinh 5.1: So d6 nguyén li hé thong tram sac

TAm pn mat trivi

4
B4 dibu khién sac nang

WONE Mat tron

Lurdn dign

|
DQD W%

v whtu st o
A 4
Inverter Hybrid

4_ e s S e e e Pin luu trir
(PV + Battery + AC)

k4

Tram sac nhanh

A 4

Xe dién

Hinh 5.2: So d6 minh hoa hé théng NLMT c6 du trix

% Cac thanh phan chinh trong h¢ thong tram sac:
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- Méy bién 4p: Chuyén doi dién 4p tir 3 pha 400 V AC (ludi dién) xudng mirc
phu hop dé cap dién cho tu nguon DC cuia tram sac, ddm bao hé thong sac hoat
dong on dinh va dép ting dugc nhu cau tai cho céc try sac.

- CB tong: Bao vé hé thong khoi qua dong va sy ¢b ngan mach, dam bao an toan
cho céc thiét bi trong tram sac.

- T ngudn DC: Chuyén dbi ngudn dién AC tir ludi dién thanh dién DC dé cung
cap cho cac tru sac.

- Tru sac: sac dién cho xe va la diém giao tiép gilta nguoi st dung va hé thong
sac, dam bao qué trinh sac nhanh va hi¢u qua cho xe buyt dién.

- Hé thdng inverter Hybrid: Chuyén d6i dién DC tir pin mit trdi hodc pin luu
trtr sang AC dé cap cho ti nguon, sac xa pin luu trit, diéu phoi nang lugng.

- Pin nang lugng mat troi: Chuyén doi nang luong birc xa mat troi thanh dién DC.
- Pin luu trit cho hé théng niang lwong mit troi: luu trit ning lugng.
5.1.3 Tinh todn lwa chon thiét bi
a. Tinh toan tram sac tir lwdi dién
- Cong suat sac nhanh DC yéu cau dbi vai 1 xe: Py = 60 kW
- S6 xe sac & mdi try: ny =2
=> Lya chon tru sac c6 cong suat 120 kW, 2 dau sac chuan CCS type 2.
- S tru sac bé tri tai tram sac: n; = 4

- Cong suat tru sac:

P =PBn =602=120kW 5.1
- Tong cong suat tram:
P =P .n =4120=480kW (5.2)

=> Lua chon tu nguén DC c6 cong suat 480 kW.
- Nguén cap dién:
+ Dién ap ludi dién: 3 pha 400V AC
+ Dong dién yéu cau:
P

] — tram 5.3
\/5 U.cos¢ (53)

Trong d6: U =400V — Dién ap cip ngudn;
cos ¢p=0,9—h¢ sb cong suét
480

T —770(4
J3.400.0,9 )

thay vao cong thtrc, ta duoc: [ =
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=> CB tong phai chiu duoc dong lién tuc tbi thiéu ~770 A — chon CB téng > 800 A.
- Cong suat biéu kién can cép:
P 480
= —tun = — = 533(kVA) (5.4)
cosg 0,9

=>,Dé dam bao du cong sudt dy phong (~15%) cho t6n hao, chon may bién ap c6 cong
suat > 630 kVA.

b. Tinh toan pin nang lwgng mat troi [39]
- Thong s6 thiét ké dau vao:

+ Tru sac nhanh: 120 kW

+ Thoti gian sac/lugt: 1 gio

+ S6 luot sac/ngay: 2

+ Ning lugng pin mdi xe: 71 kWh

+ Tong dién tiéu thy/ngay: 142 kWh

+ Nang lugng pin luu trit: 180 kWh

+ Hiéu suét hé thong: ~90%

+ DOD pin lithium-ion: 90%

- Ning luong can thiét tir hé thong mat troi:

+ Nang lugng kha dung:
N,, =180.90% =162(kWh) (5.5)
+ Tong nang lugng can bu (di tinh hiéu suat inverter ~90%): Nhu cau thuc té 1a:
N, = % =158(kWh / ngay) (5.6)

- Tinh cong suat hé thong nang lugng mit troi (PV):

+ Gio ning trung binh hiéu dung (Giod nang tiéu chuin - PSH): 4.5 gid/ngay (¢
ba Nang pho bién 4-5h)

+ Hiéu suét ton that hé thong PV ~80—-85% (do bui ban, nhiét d9, inverter, day

dan, v.v.)
1
py=te o158 41,4(kWp) (5.7)
t,n 450,85
= Lip hé théng PV tir 45-50 kWp dé dam bao du phong. Chon hé théng PV=
S50kWp
- CAu hinh hé thong luu trix:
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+ Téng dung luong: 180 kWh
e Loai pin: LiFePO4 3.2V
e DOD: 90%
e Dién ap hé thong: 96V
e Tbng Ah can:

M, = % =1875(A4h) (5.8)
+ Str dung cell 3.2V-100Ah:
e 30 cell ndi tiép :
N, =30.3,2=96(V) (5.9)
e 19 nhanh song song :
bs = % ~19 (5.10)
e Tong sb cell:
M =N_.N, =30.19=570(cell) (5.11)

- Dién tich lép dat tim pin mat troi:

+ Tam pin hiéu suat 20% c6 cong suat khoang 550W/tdm, mdi tim chiém ~2 m?:

50000 .
Np = W = 91 (tam) (5.12)
= §=91%2=182(m") (5.13)

- Hé théng inverter Hybrid:

+ Cong suat AC: > 120 kW

+ DC input voltage: phu hop véi day pin 96V

+ Hiéu suat: > 95%

+ Loai inverter: Hybrid (PV + Battery + Grid optional)

+ Pép g tiéu chuan: C6 chirc nang ddo chiéu, bao vé SOC, twong thich lithium
- Céu hinh :

+ Tru sac nhanh: 120 kW, dung 2 1an/ngay

+ Tong dién can/ngay: 142 kWh

+ Nang lugng pin luu trit: 180 kWh (LiFePOs, DOD 90%)

+ Nang lugng kha dung: 162 kWh
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+ Heé théng PV dé xuét: 50 kWp
+ Inverter hybrid: >120 kW, hiéu suit cao
+ Dién tich lap dat tim PV: 200 m?
c. Lwa chon thiét bi:
Dua vao cac thong s6 tinh toan, chon céc thiét bi dung cho hé théng tram sac:

- May bién ap: THIBIDI 630kVA - 15 (22)/0.4

Hinh 5.3: Méy bién ap THIBIDI 630kVA - 15 (22)/0.4 [40]
e Loai may bién ap: 3 pha ngam dau
e Hang san xuat: Thibidi
e Cong suit (kVA): 630
e Cip dién ap (kV): 15 (22)/0.4
Tén s6: S50Hz
- Ap t6 mét (CB) tong: Masterpact MTZ1 08H1, 800 A

Hinh 5.4: CB Masterpact MTZ1 08H1, 800 A [41]
- Tt ngudn DC: ZEROVA DZ Series 480 kW
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o 0

unit CE UL
Input Voltage
AC Input
Input Current Rating A Max: 920A Nominal: 621A
Output Voltage V 200 ~ 950 V
DC Output
Max Power kW 180 kW
) Dimension (W x D x H) t 1500 x 800 x 1965 mm 60 x 32 x 78 inct
Mechanical
Weight KQ/ibs 1300 kg 2866 |bs
Operating Temperature F
Environment )
IP/IK ratings P55 | IK10 IE R
Communication External \G/ Wi-Fi/ Ethernet (RJ45)

Hinh 5.5: Thong s ti ngudén ZEROVA DZ Series 480 kW [42]
- Tru sac nhanh DC: VinFast DC 120kW

Hinh 5.6: Tru Sac Nhanh VinFast DC 120kW [43]
Thong sb:
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e (Cong suit sac: 120kW
e So cong sac: 2 cong sac (Chuan CCS2)
e Loaidién: 3 pha
e Dién ap ddu ra: 200V — 1000V DC
e Dién ap dau vao: 400V AC +10%, 50/60Hz
e Thoi gian sac: 0.5 — 2 gio (tuy vao loai xe va dung lugng pin)
e (Congnghé: Cong nghé LINK — hd tro sac dong thoi 2 xe, diéu chinh thong minh
e Tiéu chuan an toan: IP54 — chéng bui, chdng nudc
e Tinh ning bao vé: Ngin mach, qua tai, qua 4p, qua nhiét
e Két ndi: OCPP, 4G/Wi-Fi/Ethernet

- Phan mém quan 1y tram: st dung phan mém quén li sac DeltaGrid® EVM hd tro
OCPP.

Hinh 5.7: Phin mém quén li DeltaGrid® EVM [44]

- Chuan thanh toan & nhan dang ngudi dung: sit dung RFID card (ISO/IEC
14443, MIFARE) cap cho moi tai xé dé quét khi vao tram sac.

- Tt bao vé chong sét Schneider SPD type 2.
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—

Hinh 5.8: Ti1 bao vé chdng sét Schneider [45]
- Pin ndng luong mét troi: LONGi LR5-72HPH-550M

Hinh 5.9: Pin LONGi 550 kW [46]
Bang 5.1: Thong s6 pin LONGi LR5-72HPH-550M [46]

Théng s6 Gia tri
Loai pin Monocrystalline PERC, half-cut
CAu hinh cell 144 té bao cat doi (72 cell thong thudng)
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Théng sb Gia tri
Cong suat toi da (Pmax) 550 W
Hiéu suit module 21.70%

Kich thude (D x R x C)

2278 x 1134 x 35 mm

Khéi lugng 32.6 kg

Dién 4p hé thong t6i da 1500 V (IEC/UL)
Dung sai cong suét 0% dén +3%
bién 4p hd mach (Voc) 49.80 V

Dong dién ngan mach (Isc) | 13.98 A

bién &p tai Pmax (Vmp) 4195V

Dong tai Pmax (Imp) 13.12 A

Nhiét do hoat dong -40°C dén +85°C

- Inverter nang luong mit trdi: Huawei SUN2000-185KTL-H1 c6 cong suat 185

O

kW, gop 3 b tao ra cong suit 555 kW [47] .

®© Y

Hinh 5.10: Inverter Huawei 185kW
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Efficiency

Input

Max Cur per MPF

Output

Hinh 5.11: Thong s Inverter Huawei 185 kW

- Pin Iuu trit cho hé théng niang lwong mit troi: HUAWEI LUNA2000-4.95-5
[48].

+ Thong s6 k¥ thuat chinh ciia Huawei LUNA2000-4.95-5
e Dung lugng danh dinh: 4,95 kWh
e Dung lugng st dung: 4,95 kWh (100% DoD)
e Loai pin: Lithium Iron Phosphate (LiFePOs)
e Dién ap danh dinh: 385V
e Dai dién 4p hoat dong: 350 — 560 V
e (Cong suit x4 danh dinh: 2,5 kW
e (Cong suit xa cuc dai (10 gidy): 3,5 kW
e Kich thudc (Rdng x Sau x Cao): 670 x 150 x 600 mm
e Trong lugng: ~50 kg
e Nhiét do hoat dong: -20°C dén +55°C
e Muc do bao vé: IP66
e Giao tiép: RS485 / CAN

+ Do mdi hé LUNA2000 chi t6i da 90 kWh, can lap 2 hé doc 1ap song song dé
dat duoc 180 kWh:

e Mo-dun 5 kWh: 36 chiéc
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e B0 diéu khién (BMS): 12 chiéc
e CAu hinh mdi cdt: 3 moé-dun (15 kWh) x 6 cot =90 kWh % 2 h¢
e Tbng cong: 180 kWh

5.1.4 Tiéu chudn thiét ké lip ddt

Thiét ké va c4u hinh cua tram sac xe buyt dién di dugc xay dung theo diing cac yéu
cau k¥ thuat hién hanh tai Viét Nam, dam bao an toan van hanh, tuong thich véi ludi
dién quoc gia, va phu hop véi céc tiéu chuan ky thuat trong linh vuc sac xe dién.

- Ti€u chuan k¥ thuat dién va an toan:

Hé thong dién 3 pha — 400 V, thiét ké day din va CB tong phu hop vdi tai toi da
480 kW.

Str dung day dan AC d?)ng 2x185 mm?, day DC > 50 mm? cho méi nhanh 60 kW,
dap ung dung ti€u chuan tai dong.

Trang bj ddy du thiét bj bao vé: ACB 800 A, MCCB timg nhanh, chéng sét lan
truyén (SPD Type 2), ti€p dia an toan theo QCVN 04:2009/BCT.

Heé thong tiép dia dam bao dién tré < 4 Q theo TCVN 7447-4-41:2010.

- Tuan thu ti€u chuan tram sac xe dién:

TCVN 13336:2021 — Tram sac xe dién: Thiét bi s dung (tru sac nhanh DC, tu
nguon) tudn thu cac yéu cau k¥ thuét, an toan, va giao dién nguoi dung.

TCVN 13337:2021 — Yéu ciu cho tru sac nhanh DC: Céc tru sac su dung chuan
CCS2, dap ung ti€éu chuan két no1 pho bién voi xe buyt dién hién nay.

- Thiét bi dat chuan quéc té:

)/
>

Toan bd thiét b dién chinh (mdy bién 4p, CB tong, ti nguon DC, try sac) déu c6
CO-CQ, dat chuan IEC, CE hoac UL.

Thiét bi dugc lua chon tir cac hang uy tin: Delta, Schneider... voi dﬁy du tai liéu
k¥ thuat va kha nang bdo tri tai Viét Nam.

% Vi tri xdy dung hé thong pin ning lwong mit troi:

H¢ thong Pin nang Iuong mat troi noi ludi cung cap dién cho tram sac xe dién duoc

du kién x4y dung trén mai cua Nha giir xe.

Céc tAm pin NLMT s& duoc lap dit trén cac hé khung bat d& 1ap dit hé thong dién

mat troi trén mai nha gitr xe.
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Muc dich chinh cta hé thong khung bat d& 1ap dit hé thong dién mat trdi 1a gin cac tAm
pin mat trd1 vao mai nha.

Hinh 5.12: Lap dat pin nang lugng mat troi

Qua trinh gin cin ngin d6 am tham vao qua sy xAm nhap mai tai cac diém nbi.
Va khung d¢ cling phai da manh dé co6 thé xur 1y trong lugng cua cac tam pin mat
troi.

Phan chi tiét mong, chi tiét giang cot, chi tiét kéo s& dugc gia cudng thém dé
chiu dugc phan tai trong cua hé thong pin nang luong mat troi lap dat trén mai nha
gitr xe.

5.2. Hé théng giam sat van hanh
5.2.1. Khai niém

BMS 12 mot hé thdng dién tir ding dé quan 1y cac pin c6 thé sac lai dé& dam bao
pin hoat dong an toan va hi¢u qua. BMS duoc thiét ké dé theo ddi cac thong s lién quan
dén hé thong pin va tig cell pin riéng 1¢, 4p dung dit liéu thu thap dugc dé loai bo rii
ro va toi wu hoa hiéu suit caa pin.
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Hinh 5.13: H¢ thong giam sat van hanh bo tri trén xe [49]
Hé théng quan ly pin thyc hién cac nhiém vu sau:

- Pam bao rang ning lugng cia pin dugc tdi wu hoa dé cung cdp ning luong cho
qua trinh hoat dong cua xe.

- Pam béo rang nguy co hu hong cia pin 14 nho nhat, ting tudi tho str dung cua
pin.

- Kiém soat qua trinh nap va x4 cuia pin.

J Ol UL HOA
St 8 11T Ta DIEN NANG
Cell | 1
o SO
Cell 2 Dviw s UL L
* BO PHAN DIEU
KHIEN
Cell 3 . SOH
Digdnli . s
Celln “ QUANLY
NHIET
HE THONG FIN
MAN HINH HIEN THI
GIAO TIEP VOI CAC ECU

Hinh 5.14: So d6 hé thong diéu khién BMS [49]

Céc cell pin dugc gidm sat vé dién ap, dong dién va nhiét do hién tai cua chung,
céc tin hiéu dau vao nay s& dugc chuyén t6i bo phan dicu khién. Tai ddy, tin hiéu s&
duoc xu ly bﬁng cac thuét toan diéu khién dé tao ra cac dau ra nhu SOC, SOH, céc tin
hiéu dau ra s& t6i vu hoa cong sudt quan 1y nhiét cta pin. Cac thong tin nay duoc giao
tiép v6i cac ECU khac nhau va ciing nhu dugc giri dén man hinh hién thi cho nguoi
dung.

5.2.2 Chirc nang BMS

a. Kiém soat qua trinh xa
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Muc tiéu chinh cia BMS la gitr cho pin khong hoat dong ngoai vung an toan cua
n6. BMS phai bao vé cac cell pin khoi moi tinh hudng rui ro trong qua trinh phong dién.

b. Kiém soat qua trinh nap

Pin thuong bi hong do viéc sac khong phu hop. Do do, kiém soat qua trinh sac 13
moét tinh nang thiét yéu cua BMS. D61 v6i pin Lithium-ion, phuong phap sac hai giai
doan (con dugc goi 1a phuong phap sac dong dién khong doi - dién ap khong doi) duoc
st dung.

Trong giai doan sac dau tién (giai doan dong dién khong doi), bo sac tao ra dong
dién khong doi Iam tang dién &p cua pin.

Khi dién ap cua pin dat dén mot gia tri khong d6i va pin gan ddy, nod sé chuyén
sang giai doan dién ap khong doi. O giai doan nay, bd sac duy tri dién ap khong doi khi
dong dién cua pin giam dan theo cap s6 nhan cho dén khi pin két thuc qua trinh sac.

c. Uéc tinh State of Charge SOC

SOC 1a chi sb thé hién muc sac kha dung duoc luu trir trong pin so voi muc sac
day dung luong ctia pin. Viéc wdc tinh chinh xac SOC 1a can thiét khong chi dé quan 1y
t6i wu nang luong cua pin ma con dé bao vé pin khoi tinh trang xa sau hodc sac qua murc
lam giam tudi tho pin va co thé tao ra cac tinh huéng nguy hiém tiém an.

BMS s¢ theo ddi trang thai sac (SOC) cua pin. SOC co6 thé bao hiéu cho nguoi
dung vé dung lugng con lai trong pin va kiém soat qua trinh nap va xa. Pé do SOC,
BMS phai bao gom mdt cong cy udc tinh sac rat chinh xac. Vi khong thé do truc tiép
mure sac cua pin, SOC dugc tinh dya trén cac thong sd nhu dién ap, nhiét do, dong dién
va cac thong s6 doc quyén khac (tuy thudc vao nha san xuat). BMS 1a hé thong chiu
trach nhiém vé cac phép do va tinh toan nay.

d. Uéc tinh State of Health SOH

Tinh trang strc khoe (SOH) la thudc do kha nang cua pin c6 thé cung cdp ning
luong dugce chi dinh mot cach an toan. S6 liéu nay rat quan trong dé danh gia muc do
st dung cua pin va 12 mot chi s6 vé viéc bao dudng hoic thay thé cta pin.

Céc chi s6 SOH c6 thé don gian nhu theo ddi va luu trit lich sir cia pin bang cach
st dung cac thong s6 nhu s6 chu ky, dién ap, nhiét dg to1 da va toi1 thi€u cling nhu dong
nap va xa toi da.

Céc bién phap ning cao hon vé SOH cua pin ¢ thé bao gdm céc tinh ning nhu do
tu dong dién trd cach ly cua gbi. Trong truong hop nay, cac mach chuyén dung bén
trong b pin ¢ thé do do cach ly dién cua dudng dan dong dién cao v6i mass clia hé
thdng pin. Mot hé thong an toan nhu vay co thé canh bao trudc cho ngudi van hanh hoic
k¥ thuat vién bao tri vé kha ning tiép xuc véi dién ap cao.

e. Cén bang cell (Cell balancing)

Can bang cell la mot phuong phap bu dap cho cac cell yéu hon bang cach can bang
dién tich trén tat ca cac té bao trong chudi dé kéo dai tudi tho tong the cua pin. Trong
chudi pin nhiéu cell, sy khac biét nho giita cac cell do dung sai san xuit hodc diéu kién
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hoat dong c¢6 xu hudng dugc phong dai theo timg chu ky nap - xa. Trong qua trinh sac,
cac cell yéu c6 thé bi hoat dong qua murc va tham chi tréd nén yéu hon cho dén khi ching
bi hong, khién pin bi hdng sém.

Dé cung cap giai phap cho van dé nay trong khi tinh dén tudi va diéu kién hoat
dong cua cac 6, BMS s€ thuc hién qua trinh can bang cell trong cac cell pin khac nhau
bang 2 cach: can bang chu dong hoac can bang thy dong.

Trong qua trinh can bang cell chii dong, dién tich tir cac cell manh hon bi loai bo
va chuyén dén cac cell yéu hon.

Trong can bang thu dong, cac k¥ thuat tiéu tan dugc st dung dé tim cac cell co
dién tich cao nhat trong hé thong pin, nhu duoc chi ra bai dién ap cell cao hon. Sau do,
nang luong du thtra dugc loai bo thong qua mot dién trd cho dén khi dién ap hoac dién
tich phut hop voi dién ap trén cac cell yéu hon.

Trong qué trinh sac, dién 4p trén tat ca cac cell s& dugc nang l1én dén dién ap danh
dinh ctia mot cell tot. Khi dat dén dién 4p danh dinh cua cell tot, dong dién s€ di qua cac
cell da dugc sac day dé sac céc cell yéu hon cho dén khi chung dat di¢n ap day du.

f. Chwre nang ghi nh¢

Vi SOH c6 lién quan dén tinh trang ctia mot pin méi, hé thong do luong phai luu
trit dit liéu vé cac diéu kién ban dau hodc tap hop cac diéu kién tiéu chuan dé so sanh.

Mot phuong phép thay thé dé xac dinh SOH la udc tinh gia tri SOH dya trén lich
su str dung cua pin thay vi dya trén cac thong s6 do dugc nhat dinh, chang han nhu s6
chu ky nap - xa da hoan thanh cua pin. Do do, chtrc nang ghi nh¢ cua BMS s€ ghi lai
nhitng dit liéu quan trong d6 vao hé thong bd nhé.

g. Giao tiép

Chtre nang giao tiép cua BMS co thé dugc cung cap thong qua mot lién két dir liéu
dugc su dung dé theo ddi hiéu suét, ghi dir liéu, cung cip chan doan hoac thlet 1ap cac

thong s6 hé théng. Chirc nang nay cung co thé duogc cung cap boi mot kénh truyén thong
mang cac tin hiéu diéu khién hé théng.

Sy lira chon cua giao thirc giao tiép khong dugc xac dinh boi pin. Thay vao do,
no dugc xac dinh boi ing dung cua pin. BMS dugce st dung trong xe dién phai giao ti€p
voi bo diéu khién xe cao hon va bd dicu khién dong co dé dam bao xe hoat dong binh
thuong

C6 hai giao thirc chinh dugec BMS st dung dé giao tlep vo1 phuong tién: thong qua

data bus hodc CAN bus. Tiéu chuan cong nghiép cho giao tiép trén xe 1a CAN bus, duoc
st dung phd bién hon trong cac tng dung trén xe.

5.2.3. Lwa chon hé thong BMS cho xe danabus
- Dya trén di¢n 4p danh dinh ctia h¢ théng pin cua xe danabus 1a U,, =500V, ta
chon b ENJBMS2A24SR HIGH VOLTAGE ACTIVE BALANCING BMS.
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Hinh 5.15: B ENJBMS2A24SR HIGH VOLTAGE ACTIVE BALANCING BMS

[50]

Bang 5.2: Thong s6 bd ENJBMS2A24SR [50]

Model Pham vi chudi | Dong x4 lién tuc | Dong xa t6i da Caél(‘)lr)lzng
ENJBMS2A24SR 4-24 500A 1000A 0-2A

ESS BMS Ro le dién ép cao cho céc hé thong tir 12V dén 1000V. Véi dong xa lién
tuc S00A manh mé va dong x4 cuc dai 1OOQA, no6 dam bé}o cung cap dién dang tin cdy
dudi cac tai khac nhau. Vi kha ndng can bang cell tir 0 dén 2A, n6 duy tri tinh trang va

tudi tho pin tdi uu.

R -
X ,,

»

Hinh 5.16: So d6 dau day relay dién ap cao (nhiéu pin duoc két ndi ndi tiép) [50]
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- Céc day tin hiéu tir B1 — B23 s& giam sat dién 4p ting cell ddm bao modi cell
nam trong gi6i han an toan (khong qua ap hodc thip ap). Dong di qua tai dugc do boi
dién tré shunt 500A 75mV, néu dong vuot ngudng, BMS sé& ngat két ndi tai cuc P- dé
bao vé. BMS cho phép dong dién di qua khi moi diéu kién an toan dugc dam bao.Khi
x4 pin dong tir B+ — LOAD — P- — B-, khi nap pin dong tir nguén sac vao LOAD —
P- — vao cell pin qua B-.

o ey O
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Hinh 5.17: So d két ndi giao tiép va cam bién ciia ENJBMS [50]

- BMS s¢€ thu thép thong tin dién ap tung cell, nhi¢t d§ (qua NTC), va dong dién
(qua cam bién ADS), Dit liéu duoc giri dén céc thiét bi giam sat (PC, LCD) qua cac cong
giao tiép nhu CAN, RS232, RS485 hoic Bluetooth. Néu phat hién 18i (nhu qué nhiét,
qua dong, qua ap hodc thap ap), BMS sé& ngit tai (LOAD) dé bao vé hé théng pin. Co
thé theo ddi tinh trang pin qua man hinh LCD hodc két nbi may tinh.

I

Pé theo ddi dugc tinh trang hé thong pin xay ra su c¢b bat thuong ta két ndi ENBMS véi
1 bo mach LILYGO T-SIM7000G ESP32 st dung tich hop vi diéu khién ESP32 va
module SIM7000G thong qua cong CAN cho phép két ndi internet qua mang di dong,
dinh vi GPS va giao tiép khong diy qua Wi-Fi va Bluetooth giri vé serval quan i.
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Hinh 5.18: Bo mach LILYGO T-SIM7000G ESP32 [51]

+ Tinh nang cua bo mach LILYGO T-SIM7000G ESP32:

Pién 4p cung cap: 3,3V DC hoic 5V DC

Chip ESP32 (M6-dun WROVER-B) (b6 xtr 1y 161 kép 240MHz)

B0 nho flash: 4MB

PSRAM: §MB

SRAM: 520KB

Wi-Fi tich hop

Bluetooth tich hgp

Bo chuyén d6i USB sang serial: CP2104 hoic CH9102 (trinh diéu khién)
Mo6-dun SIM7000G tich hop

Khe cam thé nano SIM tich hop

Khe cam dng-ten SIM tich hop

Khe cim ang-ten GPS tich hop

Mach sac pin Li-ion/Li-Po tich hop:

IC bao v¢ pin DWO1A

Giao dién sac nang lugng mat troi CN3065 cho tAm pin mat troi 4,4-6,8V
Gia do pin 1x 18650 tich hop

Pau nbi tAm pin mit troi tich hop 2p JST-PH

Khe cim thé Micro SD tich hop

Cong tic bat/tat tich hop
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Bang 5.3: Thong s6 xe Danabus sau chuyén di

Théng sb

Gi4 tri

H¢é thong truyén lwe

Céc thong sb chinh

Ti s6 truyén hé thong truyén luc: 15,446
Van tdc tdi da tai banh xe: 79 km/h
Kha ning leo ddc: 29%

Phuong an dan dong

Motor dan dong hop giam tdc thay thé dong co diesel
va hop sb cil, giit lai cac thanh phan khac nhu cc dang,
vi sai...

Motor

Motor loai IPM — HVH250-090s
cong suat 90 kW
momen xoan t6i da 320 Nm

hoat dong & mirc dién ap 500V

Hop giam toc

1 cap, rang try ring nghiéng, ti sb truyén 3,5

H¢ thong pin

Pin Lithium sit photphat khong chay - BYD LiFePO4
Blade Battery 3.2V 138Ah

Dién 4p danh dinh: 500Vdc
Dung luong nang lugng: 71 kW
Quing dudng di duoc trong 1 1an sac: 230 km

H¢é thong diéu khién

VCU Ecotron EV 22297A
MCU Sevcon Gen4 Size 10
Giao tiép qua mang CAN, hd tro CANopen

Céc cam bién ban dap ga, nhiét do...

H¢ thong phanh treo

Thiét ké, kiém nghiém tinh chiu tai ctia cac bo phan dat
yéu cau, du bén.

Hé thong sac

Sac nhanh 60 kW, thoi gian sac 1h
Sac cham 11 kW, thoi gian sac 8h
Chuén sac CCS type 2

Hé thong tram sac

4 try sac d6i, mdi tru co cong suét 120 kW.

Hé théng nang luong mit troi tich hop vao 1 tru dé sac
vao gid cao diém, pin luu trir 180 kW
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KET LUAN

Sau qua trinh nghién ctru, tinh toan va thiét ké, dd an “Thiét ké ning cdp hé thong
xe Danabus diesel thanh xe dién” da hoan thanh muc tiéu dé xuét giai phap kha thi dé
chuyén d6i xe buyt Danabus hién c6 tai thanh ph Da Néng st dung diesel thanh xe
dién, két hop voi viée thiét ké hé théng tram sac tich hop nang luong mat troi nham
huéng dén myc tiéu phat trién giao thong cong cong bén vitng va than thién voi moi
truong. Nghién ctru khong chi cung cap giai phap lam giam phat thai khi nha kinh ma
con gop phan phat trién giao thong bén virng cho thanh phd Da Ning noi riéng va Viét
Nam noi1 chung, hudng té1 myc tiéu NET ZERO vao nam 2050.

Trén co so phan tich tinh hinh thyc tién, xu huéng chuyen d6i trén thé gidi va trong
nudc, ciing v4i cac tinh toan chi tiét, do an da dat duoc mot sb két qua nhu sau:

- Thiét ké hé thong truyén dong dién thay thé dong co diesel:

e Luya chon duoc phuong an truyén dong phu hop: st dung dong co dién két hop
hop giam téc 1 cip, dam bao kha ning truyén mo-men hiéu qua va phu hop véi
diéu kién van hanh cia xe buyt do thi.

e Tinh todn day du cac thong so ky thuét cua hé thdng truyén lyc nhu: cong suét,
mo-men xodn, ty s truyén, toc do tdi da va kha nang van hanh.

o Thiét ké bo tri hop 1y cac thanh phan trong hé théng truyén luc trén co so hé
thong truyén luc va khung gam san ¢ cia xe Danabus.

- Tinh toén, thiét ké hé théng pin:

e M0 phong chu ky hoat dong thuc té cuia xe buyt dé xac dinh murc tiéu thu ning
luong trung binh, lam co s& thiét ké hé théng pin.

e Tinh toan lya chon hé théng pin dién 4p cao voi dung lugng du 16n dé dap tng
hoat dong di chuyén nhiéu chuyén cia xe buyt trong mot ngay.

e Lua chon hé thong quan 1y pht hop nham dam bao an toan, giam sat va kéo dai
tudi tho cho hé théng pin.

- Thiét ké hé thong diéu khién: Iya chon céc thiét bi diéu khién phu hop cho viéc van
hanh hoat dong cua xe.
- Tinh toan lai hé thng phanh, treo:

e Tinh toan thiét ké lai cac thanh phan nhu dia phanh, 16 xo, 1 nhip, giam chan,
bau chan khong dé phu hop véi su thay dobi trong luong va dac tinh van hanh méi
cua xe dién.

e MO0 phong kiém nghiém bén céc chi tiét ciia hé théng phanh, treo nham dam bao
an toan k¥ thuat va kiém chimg d6 6n dinh khi chiu tai.

- Thiét ké tram sac tich hop nang lwong mat troi:

e Tinh todn cong suat sac phu hop vai diéu kién van hanh ctia xe Danabus.
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e Lua chon phuong an sac cham gitp tang do bén pin va xdy dyng phuong an sac
nhanh cho céac truong hop khan cap, dam bao xe Van hanh t6t trong moi diéu kién.

e Xay dung md hinh tram sac dién cho xe buyt véi cau hinh két hop giira dién ludi
va hé thdng dién mat troi gitip tin dung ngudn nang luong tai tao va giam chi phi
sac vao gid cao diém.

Vi nhing két qua trén, dd an khong chi dua ra phuong an cho viée cai tao xe buyt
ma con gop phan 1am 16 tinh kha thi cua viéc chuyén déi xe buyt dong co diesel cii thanh
xe dién. Cac ket qua cta d6 an ciing tao nén tang quan trong cho cic nghién ctru tiép
theo vé phat trién xe dién va giao thong xanh.

Hudng phat trién:

e Phat trién hé thdng ning lwong mit troi tich hop trén mai cia xe buyt.

e Tich hop hé thong IoT va Al dé t6i uu hoa lich trinh sac, giam sat pin theo thoi
gian thyc va du bao hu héng.

e Mo rong mé hinh tram sac két hop ning luong tai tao, luu trit va hé théng quan
1y nang luong thong minh (EMS) cho nhiéu tuyén xe khac.

e Tinh toan va So sanh chi phi — hiéu qua giita chuyén doi va mua mai, tir d6 xay
dung phuong an chuyén doi cho cac hé thong xe buyt khac.
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PHU LUC
1. Code nhép théng s xe
vehMass = 4990; // [kg] ~ Khoi lwong t6i da ciia xe
vehg =9.81; // [m/s"2"]  Gia toc trong trieong
vehed = 0.35;/ Hé s6 can khong khi
vehfa=4.79; // [m"2"]  Dién tich can chinh dién
vehro = 1.202; // [kg/m"37] Khoi hwong riéng khong khi
roadSlope = 0; // [rad] D¢ déc ciia dwong
roadCrr=0.015;/ H¢ s6 can lan
2. Code nhap chu trinh lai Wltc 2 vao moi truwdng Xcos
clear()
cle()
//Decode ole file, extract and open Excel stream

[fd,SST,Sheetnames,Sheetpos] = xIs_open('WLTP-DHC-12-07e.xls');

//Read second data sheet
[Value,TextInd] = xIs_read(fd,Sheetpos(3));

//close the spreadsheet stream

mclose(fd);

/load WLTP time and speed values 3in structure
WLTC.time = Value(8:1477,3);
WLTC.values = Value(8:1477,5);

//plot WLTP speed proflile

plot(WLTC.time,WLTC.values)

xgrid()

xlabel("Time [s]")

ylabel("Vehicle speed [kph]")

title("WLTC 2 driving cycle")

3. Code vé db thi dic tinh mé-men — téc dd va hiéu suat motor HVH250-09Ss & 500V
clear

cle

Phu luc



// ===== Motor data from graph (500V curve, approx. from image) =====
raw_peak = [0 320; 1000 318; 2000 316; 3000 314; 4000 312; ...
5000 230; 6000 175; 7000 140; 8000 120; 9000 100; 10000 80];

raw_cont = [0 215; 1000 213; 2000 211; 3000 209; 4000 207; ...
5000 175; 6000 150; 7000 125; 8000 105; 9000 90; 10000 807;
// ==== Create interpolation grid ====
Tq = linspace(0, 350, 50); // Torque [Nm]
N = linspace(0, 10000, 60); //Speed [rpm]
// Separate RPM and Torque
N p rpm X =raw peak(:,1); //Peak torque speed
Tq p Nm_Y =raw_peak(:,2); // Peak torque
N ¢ rpm_X =raw_cont(:,1); // Continuous torque speed
Tq ¢ Nm_Y =raw_cont(:,2); // Continuous torque
// Loss model parameters (adjust based on typical motor behavior)
kc=0.1; // Copper losses
ki=0.01; //Iron losses
kw = le-5; // Windage/friction losses
C=500; // Constant losses
effMin = 0.74; // Estimated minimum efficiency
// Convert speed RPM to angular velocity rad/s
omega = N * %pi * 2/ 60;
// Initialize loss arrays
Pout = zeros(length(omega), length(Tq));
Ploss = zeros(length(omega), length(Tq));
for 1 = 1:length(omega)
for j = 1:length(Tq)
Pout(i,j) = omega(i) * Tq(j); // Mechanical power output [W]
Ploss(i,j) = ke * Tq(Gj)*2 + ki * omega(i) + kw * omega(i)"3 + C; // Loss model
end
end
// Efficiency calculation
eff = (Pout ./ (Pout + Ploss)) * 100;
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// Plotting

V =[70,85,90,91,92,93,94,95,96,97,98,991; // Efficiency levels
contour(N, Tq, eff, V);

plot(N p rpm X, Tq p Nm Y, 'r', 'LineWidth', 2);

plot(N ¢ rpm X, Tq ¢ Nm_Y, 'd', 'LineWidth', 2);

hf = gef();

ha = hf.children(1);

ha.data_bounds = [0, 0; max(N), max(Tq)];

xlabel("Motor Speed [rpm]");

ylabel("Motor Torque [Nm]");

title("Torque — speed and efficiency characteristic graph of HVH250-090S motor at 500V");
4. Code v& dd thi cong suit cin tong cong

plot(WLTC vehPwr kW.time, WLTC vehPwr kW.values,'b")

xgrid()

xlabel('Time [s]','FontSize',2)

ylabel('Ptot [kW]','FontSize',2)

title("Total drag power graph','FontSize',2)

legend('Total',2)

5. Code vé& d0 thi ning lwong qua trinh gia téc va phanh

plot(WLTC _vehTotEgy kWh.time, WLTC vehTotEgy kWh.values,'k')
plot(WLTC vehAccEgy kWh.time, WLTC vehAccEgy kWh.values,'r')
plot(WLTC_vehBrkEgy kWh.time, WLTC vehBrkEgy kWh.values,'d')
xgrid()

xlabel('Time [s]','FontSize',2)

ylabel('"Energy [kJ]','FontSize',2)

title("Acceleration, braking and total energy graph','FontSize',2)
legend('Total','Acceleration','Braking',2)
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