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~ DATHOC PA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PH SU PHAM KY THUAT Poc 1ap - Tu do - Hanh phic

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- M4 s6: T2024-06-02

- Tén dé tai: Nghién Ctru Panh Gia Anh Huong Cua Tai Trong Phan B, Bic Tinh
Hé Théng Treo Dén B6 Em Dju Trén O Té.

- Cha nhiém: Ho Tan Trung
- Thanh vién tham gia:

1) TS. Nguyén Minh Tién, Phong Quéan 1y Khoa hoc va Hop tac Qudc té,
Truong Pai hoc Su pham Ky thuat.

2) TS. Bui Van Hung, Khoa Co khi, Truong Pai hoc Su pham K¥ thuat.
3) ThS. P4 Pha Nguu, Khoa Co khi, Trudng Dai hoc Sur pham K§ thut.
- Co quan chu tri: Truong Pai hoc Su pham K¥ thuat

- Thoi gian thyc hién: 1/2025 - 12/2025
2. Muc tiéu:

Pénh gia anh huang caa phan bd tai trong va dic tinh do ciring ctia cac phan tir dan
hoi trong hé théng treo dén tan sé dao dong riéng, nham cung cap co sd khoa hoc cho
viéc thiét ké va hiéu chinh hé théng treo, dam bao d6 ém diu va an toan cho phuong
tién.

3. Tinh méi va sang tao:

S6 lwong phuong tién c nhan ngdy cang ting, doi hoi nang cao trai nghiém thoai
mai cho ngudi 1ai va hanh khach. Dong thoi, viéc chuyén doi tir xe st dung nhién liéu
truyén thdng sang xe dién la can thiét dé giam & nhiém mai truong, hudng toi muc tiéu
phét thai rong bang 0 vao nam 2050.

Khi chuyén d6i tir xe truyén théng sang xe dién, cac thay ddi vé trong luong, phan
bd tai trong va dic tinh dan hoi cia hé thong treo anh huong dén tan s6 dao dong riéng,
can dugc danh gia lai. Tiéu chuan QCVN 09:2011/BGTVT dong vai trd quan trong

trong viéc kiém dinh xe trudc kKhi xuat xuong, yéu cau tan sé dao dong riéng dat tiéu



viii

chuan trude khi xe dugc phép hoat dong. Nghién ctru ndy xay dung md hinh md phong
hé thong treo, hiéu chuan trén md hinh dong luc hoc toan xe va danh gia theo tiéu chun
nay.

4. T6m tit két qua nghién ciu:

Nghién ctru da phan tich tan sé dao dong riéng cua xe HONDA Civic 1.8L sau khi
dugc chuyén d6i sang xe dién. Qué trinh chuyén doi, dac biét 1a viéc bo sung hé thong
pin, 1am thay d6i dang ké phan bé tai trong cua xe, tir d6 anh huéng dén tan s dao dong
riéng. Cac md phong dugc thuc hién theo tiéu chuan QCVN 09:2011/BGTVT vdi ba
c4u hinh b tri pin khac nhau. Két qua cho thay tan sé dao dong riéng cau trude ting tir
10,7% dén 18,4% (so véi gia tri gbc 1,96 Hz), trong khi cau sau giam tir 26,5% dén
28,5% (so véi 2,00 Hz). Tuy nhién, tat ca cac gia tri déu nam trong gidi han cho phép
cua tiéu chuan (2,5 Hz). Trong cac cau hinh, truang hop 3, khi pin dwoc bé tri xa nhat
S0 Vai cau trude, cho két qua can bang nhat (2,17 Hz tai cau trude va 1,43 Hz tai cau
sau) va dugc xem 12 bé tri toi wu, giup giam rung dong va dam bao tuan thii quy chuan
k¥ thuat.

5. Tén san pham:
1. Optimizing Battery Based on the Evaluation of the Natural Frequency of

Electric Vehicle Bodies.

2. A numerical study on the effects of NHs/H: fuel blends in a spark-ignition
engine.
5.1 San pham:

[1] H. T. T. Trinh Phan Minh Vu, "Optimizing Battery Based on the
Evaluation of the Natural Frequency of Electric Vehicle Bodies," Journal of Science and

Development Economics.

Link minh chung thuoc danh muc HDGSNN
http://hdgsnn.gov.vn/files/anhbaiviet/filess DM TC%202025/3-HD%20CK-DL-
DMTC%?202025 0001.pdf.

[2] Nguyen Minh Tien, Ho Tan Trung, Nguyen The Kiet, Nguyen Anh Triet,
Nguyen Duc Binh, and N. T. Cong, "A numerical study on the effects of NHs/H: fuel
blends in a spark-ignition engine," in 2025 10™ International Scientific Conference on
Applying New Technology in Green Buildings (ATiGB), 2025, pp. 61-66.



Link bai
béo:https://drive.google.com/drive/folders/140V6WXhE5bmM57anuyEC4tdsZMCZw
S4AL

Link minh chung thudc danh muc HDGSNN
http://hdgsnn.gov.vn/files/anhbaiviet/filess DMTC%202025/3-HD%20CK-DL-
DMTC%202025 0001.pdf.

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciu va kha niing ap dung:
6.1 Hiéu qua giao duc - dao tao

B6 sung kién thirc chuy@n mén: Cung cap nén tang ly thuyét vé anh huéng cua
tai trong va hé thong treo dén d6 ém diu, gitp sinh vién, hiéu r& hon vé co hoc 0 t0,

dao dong va @ong luc hoc phuong tién.

Nang cao k¥ nang nghién ctru va thuc hanh: HJ tro sinh vién tiép can cac phuong
phap md phong, do dac thuc té trén xe, gop phan phét trién tu duy phén tich va giai
quyét van dé ky thuat.

Lam tai liéu giang day va tham khao: Két qua nghién ctu cé thé dugc tich hop
vao cac mdn hoc nhu Bong luc hoc 8 td, Hé thdng treo va Dao dong 6 t6, gilp nang

cao chit luong dao tao trong linh vuc co khi dong luc.

HG tro phét trién d6 an, luan vian: Pé tai cung céap co so dit lidu va hudng nghién
ctru hitu ich cho cac d6 &n tét nghiép, luan van thac si, luan an tién si vé hé thong treo,
tai trong phan bé va o6 ém diu cua xe.

6.2 Hiéu qua kinh té - x4 hoi

Cai thién chat luong xe thuong mai va xe chuyén dung: Két qua nghién ciru giup
t6i wu hoa thiét ké hé thong treo, phan b tai trong hop Iy nham ting cuong do ém diu,
g6p phan nang cao chat lugng phuong tién, dap ang tiéu chuan an toan va thoai mai
cho nguoi dung.

Tang cuong hiéu suat van hanh: Viéc phan b tai trong hop ly gilp cai thién kha
nang van hanh cia xe, nang cao hiéu suat sir dung phuong tién.

Nang cao trai nghiém nguoi dung: D6 ém diu cao gilp cai thién su thoai mai cho
hanh khach va nguoi lai, dac biét quan trong vai xe khach, xe buyt va cac phuong tién

van tai duong dai.
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6.3 Phuong thirc chuyén giao két qua nghién ciru va dia chi wng dung

Phwong thirc chuyén giao két qua nghién ciu: chuyén giao theo hinh thirc ban
giao truc tiép cho don vi st dung: thu vién sd/dién tir cua nha trudng

Dia chi tng dung: Khoa Co Khi, bd mén Co Khi O Té, Ly thuyét O t8, 20 sinh
vién. 48 Cao Thang, P. Thanh Binh, Quan Hai Chau, Thanh phé. Ba Néng.

Ngay 22 thang 05 ném 2026

TM. Héi dong Khoa Chii nhiém dé tai
Chi tich
(ky, ho va tén)

CN. Ho Tén Trung

XAC NHAN CUA TRUONG PAI HOC SU PHAM KY THUAT
KT. HIEU TRUONG
PHO HIEU TRUONG

PGS. TS. V6 Trung Hung
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1. General information:
Project title: T2024-06-02

Code number: Study on the Evaluation of the Influence of Load Distribution and

Suspension System Characteristics on Vehicle Ride Comfort
Coordinator: Ho Tan Trung
Implementing institution:

1) Dr. Nguyen Minh Tien, Department of Science Management and

International Cooperation, University of Technology and Education.

2) Dr. Bui Van Hung, Faculty of Mechanical Engineering, University of

Technology and Education.

3) MSc. Do Phu Nguu, Faculty of Mechanical Engineering, University of

Technology and Education.
Host Institution: University of Technology and Education

Duration: from 1/2025 to 12/2025
2. Objective(s):

To evaluate the influence of load distribution and stiffness characteristics of elastic
suspension elements on the natural vibration frequency, providing a scientific basis for
suspension system design and tuning to ensure ride comfort and vehicle safety.

3. Creativeness and innovativeness:
The rapid increase in personal vehicles demands enhanced comfort for drivers and

passengers. Meanwhile, the transition from conventional fuel vehicles to electric
vehicles (EVSs) is essential to reduce environmental pollution and move toward the goal
of net-zero emissions by 2050. When converting from conventional vehicles to EVs,
changes in total weight, load distribution, and suspension elasticity characteristics
significantly affect the natural vibration frequency and need to be reassessed. The
national standard QCVN 09:2011/BGTVT plays an important role in vehicle inspection
before production release, requiring compliance of natural frequency criteria. This study
develops a suspension system simulation model, calibrates it using a full-vehicle

dynamic model, and evaluates performance based on the above standard.
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4. Research results:
The study analyzed the natural frequencies of a HONDA Civic 1.8L after being

converted into an electric vehicle (EV). The conversion process, particularly the addition
of the battery system, significantly altered the vehicle’s load distribution, thereby
affecting its natural vibration frequencies. Simulations were carried out in accordance
with QCVN 09:2011/BGTVT, evaluating three different battery configurations. The
results showed that the front axle’s natural frequency increased by 10.7% to 18.4%
(compared to the original 1.96 Hz), while the rear axle’s frequency decreased by 26.5%
to 28.5% (from 2.00 Hz). However, all values remained within the allowable limit of
2.5 Hz specified by the standard. Among the configurations, Case 3, where the battery
was positioned farthest from the front axle, produced the most balanced results (2.17 Hz
at the front axle and 1.43 Hz at the rear axle), and was identified as the optimal layout,
helping to reduce vibration and ensure compliance with technical standards.

5. Products:
1. Optimizing Battery Based on the Evaluation of the Natural Frequency of

Electric Vehicle Bodies.

2. A numerical study on the effects of NH3z/H2 fuel blends in a spark-ignition
engine.
5.1. Products:

[1] H. T. T. Trinh Phan Minh Vu, "Optimizing Battery Based on the Evaluation
of the Natural Frequency of Electric Vehicle Bodies," Journal of Science and

Development Economics.

Evidence link belongs to category HDGSNN:
http://hdgsnn.gov.vn/files/anhbaiviet/filess DM TC%202025/3-HD%20CK-DL-
DMTC%?202025 _0001.pdf.

[2] Nguyen Minh Tien, Ho Tan Trung, Nguyen The Kiet, Nguyen Anh Triet,
Nguyen Duc Binh, and N. T. Cong, "A numerical study on the effects of NHs/H: fuel
blends in a spark-ignition engine," in 2025 10™ International Scientific Conference on
Applying New Technology in Green Buildings (ATiGB), 2025, pp. 61-66.

Article link:
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https://drive.google.com/drive/folders/140V6WXhE5bmM57anuyEC4tdsZMCZ
wS4L

Evidence link belongs to category:
http://hdgsnn.gov.vn/files/anhbaiviet/filessDMTC%202025/3-HD%20CK-DL-
DMTC%202025_0001.pdf.

6. Effects, transfer alternatives of research results and applicability:
6.1. Educational Effectiveness

Enhancing professional knowledge: Provides theoretical background on the
influence of load distribution and suspension systems on ride comfort, helping students

better understand vehicle mechanics, vibration, and dynamics.

Developing research and practical skills: Supports students in applying simulation
and on-vehicle measurement methods, fostering analytical and problem-solving skills

in engineering.

Teaching and reference material: Research results can be integrated into courses
such as Automotive Dynamics, Suspension Systems, and Vehicle Vibration,

contributing to improved training quality in automotive engineering.

Supporting student projects and theses: The study provides valuable datasets and
directions for graduation projects, master’s theses, and doctoral dissertations on
suspension systems, load distribution, and vehicle ride comfort.

6.2. Economic and Social Effectiveness
Improving vehicle quality: Research results contribute to optimizing suspension

design and load distribution to enhance ride comfort, improving overall vehicle quality

and meeting safety and comfort standards.

Enhancing operational efficiency: Proper load distribution improves vehicle

handling and performance, leading to better fuel efficiency and durability.

Enhancing user experience: Improved ride comfort increases passenger and driver
satisfaction, especially for passenger cars, buses, and long-distance transport vehicles.

6.3. Research Transfer Method and Application Site

Transfer Method: Direct handover to the user unit via the university’s

digital/electronic library system.
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Application Site: Faculty of Mechanical Engineering — Department of Automotive
Engineering, subject: Automotive Theory. For approximately 20 students.
Address: 48 Cao Thang Street, Thanh Binh Ward, Hai Chau District, Da Nang City.



MO DAU

Trong nhiing nim gan day, cing voi qua trinh d6 thi hoa va gia ting nhanh s
lwong phuong tién giao théng, cac van dé lién quan dén 6 nhiém méi trudng, an toan
van hanh va chat luong chuyén dong cua 6 t6 ngay cang duwgc quan tm. Bén canh cac
chi tidu truyén théng nhu cong suat dong co, hiéu suat nhién liéu va mac phét thai, o
ém diu chuyén dong da trd thanh mét trong nhitng tiéu chi quan trong phan &nh chat
lwong van hanh va mac do thoai mai cua hanh khach, dic biét dbi véi cac phuong tién
van tai hanh khach nhu xe buyt, xe du lich va xe khach duong dai. B ém diu khong chi
anh hudng dén cam giac thoai méi ciia ngudi sir dung ma con tac dong truc tiép dén do

on dinh chuyén dong, do bén két cau va an toan khai thac cua phuong tién.

Do ém diu chuyén dong caa 6 td phu thuc vao nhiéu yéu td. Trong do, hé thong
treo va tai trong phan bd gitra cac cau xe dong vai trd quyét dinh do anh huong truc tiép
dén do vong tinh, d6 cung tuwong duong va tan s6 dao dong riéng cua phuong tién. Vi
vay, viéc nghién ciiu, md phong va danh gia moi quan hé gitra phan bé tai trong, dac
tinh hé thong treo va d6 ém diu chuyén dong c6 ¥ nghia quan trong trong qua trinh thiét
ké, cai tién va toi uu hoa dic tinh van hanh cua 6 to.

Trong béi canh xu huéng chuyén d6i sang giao thdng xanh va phat trién phuong
tién sir dung ning luong sach dang dugc thuc ddy manh mé, qué trinh chuyén dbi xe sir
dung dong co dot trong sang xe dién tré thanh mot giai phap quan trong nham giam phat
thai khi nha kinh va hudng téi muc tiéu phat thai rong bang “0”. Tuy nhién, viéc chuyén
d6i sang hé truyén dong dién yéu cau bo sung bo pin kéo va cac thiét bi dieén cong suat
c6 khdi lugng 16n, dan dén sy thay d6i dang ké vé khéi luong tong thé, phan bé tai trong
Va Vi tri trong tdm cta phuong tién. Nhirng thay doi nay anh huong truc tiép dén dong
hoc kéo cuia hé théng treo, trang thai 1am viéc caa cac phan tir dan hoi va giam chan,

dong thoi 1am bién doi tan s dao dong riéng va dic tinh dao dong cua than xe.

Hién nay, phan Ion cac nghién ctiu vé 6 t6 dién chu yéu tap trung vao hiéu suat
nang luong, kha niang truyén luc kéo va pham vi hoat dong cua phuong tién. Trong khi
d6, cac nghién ciru ddnh gia anh huéng cua sy thay d6i phan bé tai trong sau chuyén doi
sang hé truyén dong dién dén dao dong than xe va d6 ém diu chuyén dong van con han

ché, dic biét dbi véi cac phuong tién cai tao tir xe dong co ddt trong sang xe dién. Do
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d6, viéc nghién ciru anh huong cua tai trong phan bd va dac tinh hé thong treo dén do
&m diu chuyén dong la can thiét, khong chi nhim bao dam kha ning van hanh an toan
va 6n dinh cua phuong tién sau cai tao ma con gop phan nang cao chét lwong chuyén

dong va su thoai mai cho nguoi st dung.

Sy thay ddi phan bd tai trong trén 6 td khdng chi anh hudng dén tai trong tac dung
I&n tirng cau xe ma con lam thay ddi trang thai 1am viéc caa hé thong treo thong qua do
vong tinh va dic tinh dan hoi cua cac phan tir treo. Khi tai trong phan bd thay doi, tan
s6 dao dong riéng cua hé thng treo ciing thay doi theo, kéo theo sy bién ddi dic tinh
dao dong cua than xe va do ém diu chuyén dong caa phuong tién. Trong qué trinh chuyén
d6i sang hé truyén dong dién, viéc bd sung bo pin kéo c6 khéi luong 16n lam gia ting
dang ké tai trong tong thé va thay doi vi tri trong tm cua 6 td. Nhiing thay doi nay anh
huong truc tiép dén dong hoc kéo cua hé théng treo, kha ning truyén luc kéo, d6 6n dinh
chuyén dong cling nhu mirc d6 rung dong truyén Ién than xe. Vi vay, viéc nghién ciu
anh huong cua phan b tai trong va dic tinh hé thong treo dén do ém diu c6 ¥ nghia
quan trong trong qua trinh cai tao va tdi uu héa 6 to dién.

Xuat phét tir nhitng yéu cau thyc tién va co sd khoa hoc néu trén, nhdm tac gia lua
chon thyuc hién dé tai: “Nghién ctru danh gia anh huéng cua tai trong phan b, dic tinh
hé thong treo dén d6 ém diju trén 6 t0.”’

1. Muc tiéu dé tai

Phan tich céc yéu té anh hudng dén d6 ém diu cua 6 to, dic biét 1a sy thay doi cua
tai trong va dic tinh hé thong treo.

Xay dung mo hinh md phong dao dong 6 to dya trén mo hinh dao dong toan xe dé
danh gia 46 ém diu theo céc tiéu chuan Viét Nam.

Pénh gia dinh lugng anh hudng cua tai trong phan bd (cau trudc — cau sau) va
thong sb hé thong treo (d6 ciing, hé s6 giam chan) dén gia tbc dao dong than xe va cam
nhan thoai mai ctia ngudi ngoi.

Dé xuat giai phap cai thién dic tinh hé théng treo nhim nang cao d6 ém dju chuyén
dong cho xe.

2. Péi twong nghién ciu
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Péi tugng nghién ciru 1a xe du lich sir dung hé théng treo doc lap, dugc phan tich
trong diéu kién thay ddi phan b tai trong sau khi chuyén d6i sang hé truyén dong dién.
Pham vi nghién ciru:

Xem xét dao dong trong mit phang doc (dao dong thang dirng va lac doc).

Phan tich anh huéng cua tai trong phan b va théng sé hé thdng treo.

Pénh gia dao dong duya trén tiéu chuan QCVN 09:2011/BGTVT vé chat lugng an
toan ky thuat va bao vé méi trudng di véi 6 to.

Khong xét dén tac dong cua hé thong 14i, phanh va céac yéu té khi dong hoc.
3. Phuwong phap nghién ciru

Str dung thé manh cua céng cu md phong dé thuc hién nghién cuu.
4. Ciu tric bao cao tong két

Béo céo tong két gom cac noi dung nhu sau:

Chuong 1: Co s& ly thuyét vé danh gia anh huéng cua phan bd tai trong va dic
tinh hé théng treo dén 6 ém diu 6 to

Chuong 2: Co s |y thuyét xay dung md hinh md phong dong luc hoc toan xe danh
gia do ém diu

Chuong 3: Panh gia anh huong caa phan b tai trong va dic tinh hé thong treo dén

dao dong 6 to
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CHUONG 1. COSO LY THUYET VE PANH GIA ANH HUONG CUA PHAN
BO TAl TRONG VA PAC TINH HE THONG TREO PEN PO EM DIU O
T0

1.1. Tinh ém diu chuyén déng

Khi & t6 di chuyén trén mat duong khdng bang phang, cac kich thich dao dong tir
d6 map mo truyén 18n xe, anh hudng tidu cuc dén d6 bén két ciu, sy an toan hang hoa
va cam giéc thoai méi caa hanh khach. Thuc té cho thay khi chay trén duong xau, 6 to
tai c6 thé giam 40-50% van tdc trung binh, ting 50-70% tiéu hao nhién liéu va lam
giam dang ké hiéu qua khai thac.

Dao dong kéo dai con gay anh huong xau dén hé than kinh nguoi sir dung. Vi vay,
d6 ém diu chuyén dong 1a mot chi tiéu quan trong trong danh gia chat luong 6 to.

Chi tiéu nay phu thudc cha yéu vao dic tinh hé thdng treo, b tri tong thé xe, diéu
kién mat duong va k¥ nang diéu khién cia nguoi lai.
1.2. M hinh dao ddng va anh hwéng cia tai trong phan bé dén hé théng treo 6 td

1.2.1. Mé hinh dao dong ciia 6 to trong khong gian

Hinh 1. 1 Hé dao dong khdng gian cia 6 td 2 cau

Hé dao dong cua o td khi chuyén dong 1a hé dao dong nhiéu bac tu do rat phuc tap,
Hinh 1. 1. Hé dao dong cua 6 t6 khi chuyén dong duoc xem 1a mot hé nhiéu bac tu do
Vé6i dic tinh dong luc hoc phac tap. DBé thuan lgi cho viée phan tich va xac dinh cac
nguyén nhan gay dao dong chu yéu, hé thuong duge phan tach thanh cic dao dong thanh
phan theo tirng mit phang toa do. Trong mat phang XZ, chuyén dong gém dao dong
tinh tién theo phuong thang dung (truc Z) va dao déng quay quanh truc Y. Tuong tu,



5

trong cac mat phang XY va ZY ton tai cac dao dong theo phuong ngang, phuong doc
va c4c chuyén dong quay quanh cac truc trong (ng. Tuy tt ca cac dang dao dong déu
c6 anh huong nhat dinh, nhung két qua nghién cau thuc nghiém cho thiy dao dong trong
mit phang XZ dong vai tro chi phdi ddi véi danh gia 6 ém diu chuyén dong, trong khi
cac thanh phan con lai thuong nhé hon va ¢é thé duge bo qua trong cac md hinh tinh
toan don gian.

1.2.2. Khoi lwong dwoc treo va khoéi lwong khong dwoc treo trong hé thong treo 6 to

Trong so d6 dao dong, nguoi ta chia khbi lwong cua 6 td thanh hai phan: Khoi
luong dugc treo M va khéi lugng khong duoc treo m.
1.2.3. Anh hwong ciia khéi lwong dwoc treo va khoi lwong khéng dwoc treo dén dp

ém dju chuyén dong

Khdi lwong dugc treo M bao gdm cac cum va chi tiét ma tai trong caia ching truyén
qua hé théng treo, nhu khung xe, thung xe, cabin, dong co, hop sé va cac bo phan lién
quan. Cac cum nay duoc lién két voi nhau théng qua cac phan tir dan hdi nhu cao su ky
thuat hodc vat liéu dém nham giam chan va han ché truyén rung. Mic du ting chi tiét
trong thuc té déu c6 kha nang bién dang riéng, song mic do bién dang nay tuong doi
nho so véi bién dang caa hé thong treo nén thudng duoc bo qua khi xay dung mé hinh.
Vi vay, trong md hinh dao dong twong duong, khoi lugng duge treo duoc gia thuyét Ia
mot vat ran tuyét doi, tap trung tai trong tdm T, c6 thé biéu dién bing phan tir twong
duong ndi giita hai vi tri cau trudc va cau sau, vai phan bb khéi luong dic trung thong

qua céc khoang cach hinh hoc twong tng dugc thé hién qua céc kich thudc a,b Hinh 1.2.

L

Hinh 1. 2 M hinh héa khdi lugng dugc treo



Khéi lugng khong duoc treo m bao gom cac bo phan khong truc tiép truyén tai
qua hé thdng treo, dién hinh nhu cau xe, cum banh xe, cac chi tiét caa hé truyén luc
cudi va mot phan truc cac dang. Tuong ty nhu khéi luong duogc treo, anh huang cia
bién dang cuc bo va céc lién két dan hoi gitra cac bo phan nay thuong khong duoc xét
dén trong md hinh héa do gia tri nho. Do d6, trong mé hinh dao dong, phan khéi lwong
khong dugc treo dugc 1y twdng héa nhu mot vat rin déng nhat, véi khdi luong tap
trung tai tam banh xe, nham phuc vu cho viéc phan tich dic tinh dao dong va dap ung

dong luc hoc cua hé théng duoc thé hién nhu ¢ Hinh 1.3

|
T
!
!
|
I
!
I
1
I
!
i
B e T ' -------------
I
!

e = e =
Hinh 1. 3 M6 hinh hoa khéi lugng khong duoc treo
1.2.4. Anh hwong cua tdi trong phan bé dén trang thai lam viéc ciia hé théng treo

Ty s6 giira khéi luong dugc treo M va khéi luong khong duoc treo m goi 1a hé sb

khoi lugng d.

M
d=— (1.1)

Hé s6 khdi lugng c6 anh huong I6n téi tinh ém diu chuyén dong. Giam khéi luong
khong dugc treo s& giam duoc luc va dap truyén 1én khung vo, con ting khéi lugng duoc
treo sé giam dugc dao dong khung vo, cho nén trong qué trinh thiét ké xe, nguoi ta 6

khuynh huéng ting hé sé ndy, ma truéc hét 1a giam trong luong phan khong duoc treo.

Thong thuong d = 6,5 + 7,5 ddi véi xe du lich khi day tai va bang 4 = 5 d6i vai xe

van tai day tai.
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1 0 Piém noi voi khung

A

7

2 biém nod1 voi cau

Hinh 1. 4 So do dao dong tuong duong cua hé thong treo
1.2.5. Anh hwéng ciia tdi trong phén bé dén dao dpng thin xe va dé ém diju chuyén

dong

Trong so do dao dong tuong duong cua hé thong treo thi bo phan dan hoi cua hé
théng treo duoc biéu didn nhu 13 mot 10 xo ¢6 hé s6 cirng C1 va bd phan giam chan véi
dai lugng dic trung 13 hé s6 can K. Hé thng treo duoc biéu dién nhu ¢ hinh 1. 5. Biém
1 1 diém ndi hé thdng treo voi khung xe, con diém 2 1a diém dat cua hé théng treo 1én
cau xe. Véi nhitng khai niém vira néu trén, hé dao dong cua 6 td hai cau dugc biéu dién
trén Hinh 1.5.

Cll

/E// Yo PP //!//5'///
L

Hinh 1. 5 So d6 dao dong tuong duong cua O td

Trong do6:



M - Khoi lwong dwoc treo toan bg ciia 6 16 .

M1, Mz - Khoi lwong dwoc treo dige phdn ra cau trude va cau sau.

My, M - Khoi lwong khong dwoc treo cua cau trwde va cau sau.

C1, C2 - Hé 56 citng ciia thanh phan dan hoi ciia hé thong treo truée va sau.
Ci, Ci2 - Hé 56 cing ciia lop trude va 1op sau.

K1, Kz - Hé 56 can ciia thanh phdn can ciia hé thong treo trude va sau.

1.3. Co 6 1y thuyét danh gia anh hwéng ciia tai trong phan bo va hé thong treo dén
tin s6 dao dong riéng va dé ém diu 6 to
Dé xac lap duoc quy luat dao dong cua 6 to, ta xét so do dao dong don gian cua o
t6 nhu ¢ Hinh 1. 6.

T 777 7 7 7 7 T 7F 7T 7 TN TS A 77777
|
d 1 b
L

=

[__Y_.

Hinh 1. 6 Dao dong don gian trén O to

So dd tinh toan dao dong cua 6 t6 duoc xay dung trén co sé mot sb gia thiét don
gian hda nham thuan lgi cho qué trinh phan tich ly thuyét. Trong pham vi mé hinh nay,
chua xét dén luc kich dong do map md mit duong gay ra trong qué trinh xe chuyén
dong; khdi luong khong duoc treo dugc b qua; dong thoi luc can caa bo giam chan
chua duoc dua vao mo hinh tinh toan. Vi cac gia thiét trén, dao dong cua 0 td co thé
dugc xem tuong duong véi dao dong cua mot thanh cimg AB dit trén hai géi twa dan
hoi, twong tng Vi vi tri tam cau truéc va thm cau sau cua xe. Do ciing thu gon cua hé
thdng treo va 16p tai cau trudc va cau sau lan luot duoc Ky hiéu 1a C; va Co.

Khdi lugng duoc treo cua 6 t6, ky hiéu 1a M, duoc gia thiét tap trung tai trong tam
T. Trong tdm nay cach cdu trudc va cau sau cac khoang tuwong ¢ng 12 a va b. Khi chiu
tac dung cua luc kich thich, thanh AB dich chuyén dén vi tri méi AiB1. Chuyén dong
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nay c6 thé duoc phan tich thanh hai thanh phan co ban: chuyén dong tinh tién theo
phuong thang dung tir vi tri AB dén A'B’ vé6i do dich chuyén z, dudi tac dung cua luc
quan tinh Mz; va chuyén dong quay quanh truc Y di qua trong tam T véi goc quay o,
lam thanh chuyén tir vi tri A’B’ d&én A:B:.

Céch md hinh hda nay cho phép md ta dao dong co ban cua than xe trong mat
phing doc, bao gém dao dong tinh tién theo phuong thing dung va dao dong lic doc
quanh trong tam. Pay 1 co s¢ dé thiét 1ap cac phuong trinh dao dong va danh gia anh
huong caa phan bé tai trong, do cing hé thdng treo ciing nhu vi tri trong tim dén dic

tinh dao dong riéng cua 0 to.
Theo so db tinh toén trén ta co:
- Dich chuyén thang dtng z1, Z2 cua vi tri A va B dugc xac dinh nhu sau:

z1=z-atgp ~ zZ-a.Q
(1.2)
Z2=z+btgp~ z+bho

Goc ¢ qua nho nén tge ~ o

Chuyén dong thang dung va chuyén dong quay caa khdi luong duoc treo M duoc

biéu thi bang hé phuong trinh nhu sau:

M, +C,z, +C,Z, =O} 1.3

M =C,z,a- C,z,b

Trong do:
dz?

datz
dp” _
dt?

(1. 4)

Trong d6: # - béan kinh quén tinh caa khéi luong duogc treo di véi truc Y di qua

trongtdm T

Dao ham hai lan phuong trinh (1. 2) theo thoi gian ta duoc:
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&= & a
(1.5)
&= & a
Tt hé phuong trinh (1. 3) ta ¢6 cac gia tri sau:
1
&= _M(Clzl + szz)
(1. 6)

1
& M—pz(clzla - szzb)

Thay thé cac gia tri cua & va % tai biéu thuc (1. 6) vao hé phuong trinh (1. 5) ta

cO:

1 a
&: _M(Clzl + szz )_ M—pz(Clzla - szzb)

1 b (1.7)
&= _M(Clzl +CZZZ)+M—p2(Clzla_CZZZb)
Sau khi khai trién va rat gon ta duoc hé phuong trinh:
2
M+ C121(1+ a—2j+czz2(1—a—t2’j =0
P p (1.8)
=0

2
Mé& + C222(1+ b—2J+Clzl(l—a—?J
p P
Thay gid tri z» tir phuong trinh thtr hai vao phwong trinh thir nhat trong hé phuong
trinh (1. 8) va gia tri z: tir phuong trinh thir nhat vao phuong trinh thir hai trong hé

phuong trinh (1. 8) va rit gon ta c6:

ab— p° c,L?
+ + z, =0
& p2+b2& M(p2+b2) ! (L.9)
2 2 '
ﬂ;+ab_'0 4Gk z,=0

p°+b? M(p2+b2)

Tir hé phuong trinh (1. 9) ta thay rang dao dong caa hai diém A va B twong tng
Vvé6i dao dong cua cac khéi luong duoc treo phan ra cau trude, cau sau ¢d anh huong 13n
nhau. Nghia 1a trong qua trinh chuyén dong khi cau truée gap do map md bé mat duong
dao dong xuat hién & cau trude ciing s& gay ra dao dong & cau sau va nguoc lai anh

huong cua dao dong qua lai cua hai cau dugc dic trung bang hé sé lién két #:
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ab— p?
;ul: 2 pz
p-+b

) (1. 10)
ab—p
ﬂz:p2+a2

_ - 2 _ . ,
Trong truong hop A = H2 = Otic 12 P° =20 gy xay ra trueong hop dao dong & cac

cau xe doc 1ap 13n nhau. Trong thuc té truong hop nay khong xay ra ma dao dong & céc

A A Z o 9 - & ~ \ hY A 2 z s
cau xe déu c6 anh huéng qua lai véi nhau, nghia la #4 * # # Ovi vay P #0_Ban kinh

quan tinh trong trudng hop nay duoc tinh theo biéu thuc:
p’> =abe (1. 11)
O day: € - hé s phan b khéi luong.

O cac 0 td hien nay € =0,8 + 1,2. Hé ¢ anh huong 16n dén dao dong cua 6 t6. Khi
€ =1 thi dao déng ¢ c4c cau xe doc 1ap véi nhau.
Tan s6 dao dong riéng cua cac phan khdi lugng duoc treo phan ra cau trudc va cau

sau dugc tinh theo biéu thuc:

0)2 _ Cle
. Mi,o2 +b?)
- (1. 12)
W) = —2
? Mip2 +a’ )

O day:
o, - tan sd dao dong dac trung cho dao dong cua khdi luong duoc treo tai diém A
khi diém B ¢6 dinh.
,- tan s6 dao dong dic trung cho dao dong cua khéi luong dugce treo tai diém B
khi diém A cb dinh.
Thay cac biéu thirc (1. 10) va (1. 11) vao (1. 12) ta duoc:

&+ 11 &+ 0’7, =0
&+ 11,8+ w;2, =0
Nghiém tong quat cia hé phuong trinh c6 dang:
z1 = Asin Q;t+ Bsin Q,t
z2 = Csin Q,t+ Dsin Q,t

(1. 13)

Trong do:
Q,, Q, - tan s6 dao dong lién két
A,B,C va D — nhiing hé’mg sb
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Phuong trinh ddc tinh ctia h¢ phuong trinh (1. 13) 1 phuong trinh trung phuong
co dang:

! + ) 02t ! .3
1-mp, 1-mp,

Q' -

-0 (1. 14)

Giai phuong trinh (1. 14) ta duoc biéu thirc dé tinh cac tan s6 dao dong lién két
nhu sau:

0, = L )[(wl rof )+ \/(wl ratf +4M/¢zwfw§} (1. 15)

21—
Biéu thirc trén cho thiy dao dong cua 6 to 1a rat phirc tap 1a hai dao dong diéu

hoa co tan so dao dong lién két Q, Q2 . Tan s6 dao dong lién két ctia 6 t6 phu thudc vao
nhiéu yéu t6 ma trude hét phu thuoc vao céc thong sb cdu tao cua 6 t6 nhu khdi luong
dugc treo, toa do trong tdm cua phan dugc treo, ban kinh quén tinh cua phan duoc treo,

d6 ctng ctia hé théng treo. Truong hop 4 = H2 = O thi dao dong xdy ra & cac cau xe doc
lap, khi d6 phuong trinh cua 6 t6 don gian hon nhiéu Hinh 1. 7.

Hinh 1. 7 So d6 dao dong doc 1ap cua 6 to tai cau trude

Phuong trinh dao dong cua xe ¢ cau trudc c6 dang:

M, &+C,z, =0 (1. 16)
Tan sb dao dong riéng dugc tinh bang biéu thic:
R (1. 17)
M, '

Luc do phuong trinh c6 dang:
@H—a)le:o (1. 18)

Nghiém cua phuong trinh trén la:
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z:= Asin it (1.19)

Nhu vay dao dong c6 quy luat theo ham s sin diéu hoa véi chu ky dao dong:

2 M
T = :2 _1
1 o Vs / c, (1. 20)

S6 1an dao dong trong mdt phat dugce xac dinh theo biéu thuc:
_ 300
fy

1

(1. 21)

Trong d6: fu1 - do vong tinh cia hé thdng treo trudc

Dbi v6i 6 t6 du lich do vong tinh khi tai ddy c6 gia tri trong khoang 20 + 25 cm,
d6i v6i xe tai tir 8 + 12 cm, ddi v6i xe khach tir 11 + 15 cm. Dao dong cau sau ta cling
x¢t tuong tu.

Tir cac biéu thirc trén c6 thé thay rang tan sé dao dong riéng cua hé thong treo phu
thudc truc tiép vao do cang hé thong treo va khéi luong duoc treo cia phuong tién. Khi
tai trong tac dung 1én cau xe ting 1én, khéi luong dao dong ting 1am thay doi tan s6 dao
dong riéng va dac tinh dao dong cua than xe. Trong trudng hop 6 t6 chuyén doi sang hé
truyén dong dién, sy xuat hién cua bo pin kéo 1am thay d6i dang ké phan b tai trong
giita cau trudc va cau sau, dan dén sy thay doi trang thai 1am viéc caa hé thong treo va

d6 ém diu chuyén dong cua phuong tién.

Dic tinh 1am viéc cua hé théng treo phu thudc truc tiép vao tai trong tac dung Ién
ting cau xe. Khi tai trong tang 1én, d6 vong tinh cua hé thong treo ting theo, 1am thay
d6i trang thai can bang va dic tinh dan hoi caa cac phan tir treo. Sy thay doi nay dan
dén bién doi tan s6 dao dong riéng cia phurong tién va anh huong tryc tiép dén kha nang
hap thu dao dong cua hé thng treo. DI véi 6 t6 dién cai tao, su xuat hién caa bo pin co
khoi luong 16n khdng chi 1am gia tang tai trong tong thé ma con lam thay d6i dang ké
vi tri trong tdm va phan bé tai trong giira cac cau xe. Vi vay, viéc nghién cttu anh huong
cua tai trong phan bd dén dic tinh dao dong va dong hoc hé théng treo 1a co sd quan
trong dé danh gia d6 ém dju va lua chon phuong an bd tri pin ph hop.

1.4. Anh hwéng cia bo tri hé truyén dong dién dén dong luc hoc kéo cia hé thong
treo va dao dong 0 t0

1.4.1. Phwong dn bé tri hé théng dpng lwc, phwong phdp thay déi tdii trong xe dién
sau khi chuyén déi
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Trong béi canh chuyén doi phuong tién giao thong tir dong co ddt trong sang hé
truyén dong dién, viéc bd sung bo pin kéo va céc thiét bi dién cong suat Ion 1am thay
d6i dang ké dac tinh khdi luong va phan bé tai trong cua 6 t6. So véi xe nguyén ban,
khéi lwong toan bo phuong tién ting 1én dang ké, dong thai vi tri trong tm va tai trong
tac dung lén cac cau xe ciing thay doi tly thudc vao phuong an bé tri bo pin. Nhiing
thay d6i ndy anh huong truc tiép dén trang thai 1am viéc cua hé thdng treo thong qua do

vong tinh, tai trong dong va dic tinh dan hoi — giam chan cua cac phan ti treo.

Khi tai trong tap trung 16n tai mot cau xe, hé théng treo twong wng s& lam viéc
trong viing bién dang I6n hon, dan dén su thay d6i d6 cung twong duwong va kha ning
hap thu dao dong. Diéu nay 1am bién d6i dic tinh dong hoc kéo cua hé théng treo, anh
huong dén chuyén dong thang dung cua than xe, dao dong lac doc va su phan bo tai
trong dong gitta cac banh xe trong qua trinh van hanh. Pdng thoi, su thay doi tai trong
khong hop 1y con 1am thay doi tan sé dao dong riéng ciia phuong tién, gay gia ting gia
téc dao dong truyén 1én than xe va khoang hanh khach, tir 6 1am suy giam d6 ém diu

chuyén dong.

Nguoc lai, khi bo pin duoc b tri hop 1y theo phuong doc than xe, tai trong giira
cau trudc va cau sau duoc phan bd can bang hon, gitp hé théng treo duy tri trang thai
lam viéc gan voi diéu kién thiét ké ban dau. Nho d6, dic tinh d¢an hoi va giam chan caa
hé thong treo dugc khai thac hiéu qua hon, kha nang hap thu dao dong duoc cai thién va
dao dong than xe duoc giam thiéu trong qua trinh chuyén dong. Viéc t6i uu vi tri bé tri
bo pin vi vay c6 vai trd quan trong trong viéc duy tri chat lwong chuyén dong va nang

cao d6 ém diu cua 6 t6 sau khi chuyén doi sang dong co dién.

Trong nghién ciru ndy, phuwong an chuyén doi dugc lya chon 14 cau hinh xe dan
dong cau trude sir dung dong co dién thay thé dong co dét trong nguyén ban. Phuong
an nay cho phép tan dung hé théng truyén lyc hién c6 cia xe, han ché thay doi két cau
khung gam va duy tri cau tric truyén dong nguyén ban cta phuong tién. Pong co dién
duogc bd tri ddn dong truc tiép dén hai banh trudc thong qua hé thong truyén lyc san co,
trong khi bo pin kéo duoc bd tri tai céc vi tri khac nhau nhim danh gia anh hudéng cua
phan b tai trong dén dong hoc kéo cua hé thong treo va dic tinh dao dong cua o t6 sau

chuyén d6i. So dd hé thdng truyén luc cua xe chuyén doi dugc thé hién trong Hinh 1.8.
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Banh xe Banh xe
trudc sau
Hé théng phanh| |
thay lwc
_ 86 ditu A
Giam téc BLDC khién déng cauy
co
Banh xe Két néi dién Banh xe
trirgc Pwong két néi thay e sau
Két néi co khi

BLDC : Déng co'nam cham vinh citu DC khéng chdi than
Hinh 1. 8 Hé théng truyén luc cta 6 to sau khi chuyén d6i sang dong co dién
1.4.2. Anh hwong ciia bé tri bg pin dén phin bé tdi trong va dong hoc kéo ciia hé

thong treo

Trong qué trinh chuyén ddi 6 t6 st dung dong co d6t trong sang dong co dién, viéc
lya chon phuong 4n bb tri hé thong dong luc kéo ¢ anh huong truc tiép dén phan b tai
trong, trang thai 1am viéc cua hé théng treo va dic tinh dao déng cua phuong tién. Doi
Vvé6i ddi tuong nghién ciru, phuong an gitr lai bo vi sai va hé théng truyén luc nguyén
ban dugc lra chon do ¢é nhiéu vu diém vé kha ning truyén luc kéo, tinh 6n dinh van
hanh va mtc do phu hop véi két cau khung gam hién hiru. Viéc duy tri bo vi sai khéng
chi giup phuong tién van hanh 6n dinh trén nhiéu diéu kién mat duong khac nhau ma
con han ché su thay doi két ciu cua hé thong treo va hé truyén luc sau khi chuyén doi
sang dong co dién. Nho d6, qua trinh cai tao dugc thuc hién don gian hon, giam chi phi
thiét ké va nang cao d6 tin cay van hanh cia phuong tién. Tuy nhién, qua trinh chuyén
d6i sang dong co dién yéu cau bd sung dong co dién, bo pin kéo va céc thiét bi dién
cong suat co khdi luong I6n, 1am thay doi dang ké khéi luong tong thé ciing nhu phan

bd tai trong giira cAu trudc VA CAu sau cua xe.

Sy thay doi tai trong sau khi chuyén d6i anh huang truc tiép dén dong hoc kéo va
trang thai 1am viéc cua hé théng treo thong qua d6 vong tinh, do clng twong duong va
kha ning hap thu dao dong cua céc phan tir dan hoi va giam chan. Trong hé dao dong
cua 0 t0, khdi lugng duoc treo, vi tri trong tim va do cang caa hé thong treo 13 cac thdng
s6 quyét dinh dén tan sé dao dong riéng cua phuong tién. Khi tai trong tac dung 18n mot
cau xe ting 1én, hé thong treo s& lam viéc trong ving bién dang I6n hon, lam thay doi

d6 climg dong twong duong va din dén su bién doi tan sé dao dong riéng. Néu tai trong
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phan bé khong hop 1y, dao dong thang ding, dao dong lac doc va rung dong truyén Ién
than xe s& gia ting dang ké, gay anh hudng tiéu cuc dén d6 6n dinh chuyén dong va do

ém diu cua phuong tién trong qué trinh van hanh.

Déi voi xe duge chuyén dbi sang dong co dién, vi tri bd tri bo pin dong vai tro dic
biét quan trong do bo pin chiém ty 1¢ 16n trong tong khéi lwong bd sung. Néu bo pin
dugc bé tri khdng hop ly, tai trong gitta hai cau xe s& mit can bang, lam thay ddi trang
thai l1am viéc cua hé thong treo va anh huong tryc tiép dén dic tinh dao dong cua than
xe. Nguoc lai, khi b pin duoc bé tri phi hop, tai trong giita cau trudc va ciu sau duoc
phan b can bang hon, gitp hé thdng treo duy tri trang thai 1am viéc gan ving ti wu,
cai thién kha ning hap thu dao dong, nang cao d6 bam dudng va giam rung dong truyén
Ién khoang hanh khach. Vi vay, viéc danh gia anh hudng caa vi tri bé tri bo pin dén phan
bd tai trong, dong hoc kéo cua hé théng treo va tan sé dao dong riéng 1a yéu cau can

thiét trong qua trinh cai tao 6 to sang dong co dién.

Trong nghién ctru nay, dbi tuong khao sat 13 xe Honda Civic 1.8L doi 2008 duoc
chuyén doi sang dong co dién nhung van giir nguyén két ciu khung gam va hé thong
truyén luc co ban. Sau khi chuyén doi, khéi lwong xe ting thém khoang 297 kg chu yéu
do su xuat hién caa bo pin kéo va céc thiét bi dién céng suat. Su gia tang tai trong nay
1am thay d6i vi tri trong tam, tai trong tac dung 1én cc cau xe va trang thai 1am viéc cua
hé thdng treo, tir 46 anh huaong truc tiép dén tan sé dao dong riéng va do ém diu chuyén
dong caa phuong tién. Trén co s& do, nghién ctu tién hanh khao sat cac phuong an bd
tri bo pin khac nhau nham danh gia mirc d6 anh huong cua vi tri lap dat pin dén phan
bd tai trong, dic tinh dao dong va trang thai 1am viéc cua hé thong treo, qua do6 lya chon
phuong 4n bé tri pin toi wu nham bao dam kha nang van hanh o6n dinh va nang cao do
ém diu ctia 6 t6 sau khi chuyén dbi sang dong co dién.

Bang 1. 1 dudi day thé hién so sanh khdi lugng va phan bé tai trong cia xe trudc va
sau khi chuyén d6i sang hé thong truyén dong dién

Thong s6 Xe nguyén ban | Sau khi chuyén doi | Pon vi
Khbi lugng ban than 1210 1507 kg
Tai trong phan bd cau trude 847 - kg
Tai trong phan bo cau sau 363 - kg
Khoi lugng toan bo 1585 1882 kg
Tai trong cau trudc (day tai) 951 - kg
Tai trong cau sau (day tai) 634 - kg
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1.5. Co sé ly thuyét vé diéu kién xay dung mé hinh dao déng
1.5.1. Co sé Iy thuyét

Dé danh gia anh hudng cua tai trong phan b va vi tri b tri bo pin dén do ém diu
chuyén dong cia 0 t6, can xay dung mo hinh dao dong twong dwong phan anh méi quan
hé gitra khéi luvong duoc treo, do ctirng hé thdng treo va tan s dao dong riéng caa phuong
tién. M6 hinh dao dong nay cho phép danh gia anh hudng cua su thay doi tai trong va
trang thai 1am viéc cua hé théng treo dén dao dong than xe, tir 6 phén tich dic tinh dao

dong va dong hoc kéo cua hé thdng treo trong cac truong hop bé tri tai trong khac nhau.

O td 1a mot hé co hoc, gam nhiéu nhiéu khéi lugng nho: Than vo, truc, banh xe,
dong co, hé théng truyén lyc, gitta ching c6 méi quan hé phuc tap thong qua phan tir
dan hoi va giam chan. Khéi lugng 6 t6 duoc chia thanh khéi luong duogc treo va khoi
luong khong duoc treo. Sb bac ty do cia mdi khéi luong 1a sb toa do doc lap dé xéc

dinh vi tri, & tirng thoi diém trong khéng gian.

M6 hinh dao dong 6 t6 xay dung phai théa man yéu cau: sat vai thuc té, don gian,
thuan tién trong tinh toan va két qua thu dugc chinh xac nhat.

Khi xay dung md hinh dao dong 6 to can mot sb gia thuyét. Nhitng gia thuyét 1am
cho qua trinh nghién ctru, tinh toan don gian hon, song khong 1am mat di tinh tong quat
ctia bai toan va dam bao do chinh xéac can thiét. Céc gia thuyét co ban khi xay dung mé
hinh nhu sau:

Phan khéi luong duoc treo va khong dugc treo duge coi nhu cing tuyét doi.

Khdi luong dugc treo c6 mot bac tu do 1a doc chuyén thang dung.

Bo6 qua ngudn kich thich dao dong trén xe. Coi map mo ctia mat duong 1a ngudn
kich thich giao dong duy nhat.

Coi dic tinh giam chan cua 16p xe 1a tuyén tinh.

Coi map md mat duong & dudi cac banh xe bén trai va bén phai trén cing mot truc
la nhu nhau.

Tuy muc dich nghién ctu, ¢6 thé xay dung md hinh dao dong & t6 trong mat phang
doc, mat phang ngang, hoic trong khong gian. Trong mat phang doc, dao dong thang

dung va quay cua khéi luong duoc treo anh hudng dén do 8m diu chuyén dong.
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Trong mit phing ngang, dao dong cua ching anh hudéng dén tinh dan huéng va
tinh 6n dinh chuyén dong cua 6 td. Céc két qua nghién ciru cho thiy, 6 td cd phan b
khdi lwong ddi xung qua mat phang doc thi dao dong trong cac miat phang doc, mat

phing ngang doc 1ap vai nhau.

M6 hinh dao dong 6 t6 dugc xay dung phai thoa man yéu cau: sat véi thyuc té, don

gian, thuan tién trong tinh toan va két qua thu duoc chinh xac nhat.
Nghién ctru dao dong 6 t6 thuong duoc tién hanh nhu sau:

Thay thé 6 to bang hé dao dong twong duong (M6 hinh vat 1y) phi hop quan diém

va muc dich nghién curu.
Thiét lap phuong trinh chuyén dong (M6 hinh toan hoc) cua hé.
Khao sat mé hinh toan hoc trén mién thoi gian va mién tan sb.
Thi nghiém kiém chimg do chinh x&c caa phuong phap tinh.

Hé dao dong cua 6 t6 khi chuyén dong 1a hé dao dong nhiéu bac tu do rat phuc tap.
Pé c6 thé tim ra duoc quy luat va nguyén nhan cha yéu giy dao dong, ta xét dao dong
nay trong cac mat phang toa do dé phan tich nhiing dao dong riéng biét. Khi nghién ctu
tinh ém diu chuyén dong, qua nhiéu thi nghiém nguoi ta nhan thay so véi dao dong trong
mat phang XZ thi dao dong thanh phan trong mat phang XY va ZY 1a khong dang ké va
c6 thé bo qua. Sy khdng can bang cua lién hgp may gay ra dao dong cao tan c6 bién do
bé, vi vay tac dung cua dao dong nay khong dang ké. Do d6 ngudi ta chi khao sét tinh
ém diu chuyén dong cia 6 td theo sy map mo ctia mat duong va cac thanh phan cua két
cau hé dao dong. Muc dich luan vin nham xay ding ham muc tiéu va xac dinh cac théng
s6 hé thong treo theo hudng bién dong dudng. Do d6 chi can xay dung mo hinh dao
dong ¥2 6 t0.

Khi xay dung mé hinh dao dong 6 td can mot s6 gia thuyét, nhitng gia thuyét nay
lam cho qua trinh nghién ciru, tinh toan don gian hon song khong lam mét di tinh tong
quét cua bai toan, dam bao do chinh xac can thiét. Cac gia thuyét co ban khi xay dung

mo hinh nhu sau:
Khéi lwong 6 t6 phan bé d6i xting qua mat phang doc.

Khdi lugng duoc treo trén truc trudc va trén truc sau dao dong doc 1ap véi nhau,
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Phan khéi lwong khong dugc treo dugc goi la cang tuyét ddi co khdi lugng tuong
duong & cau.

Hé thdng treo va banh xe c¢6 duong dic tinh dan hoi va dic tinh can nhot 1a tuyén
tinh.

Bo qua cac ngudn kich thich dao dong trén xe, coi map mé caa mat duong 1a ngudn
kich thich dao d6ng duy nhat. Map mé mit duong & hai bén vét banh xe 1a nhu nhau.
Mit duong dugc coi cing tuyét doi.

Tiép xuc giira banh xe va mat duong 1a tiép xtc diém.

Nguén kich thich dao dong

Bién dong mat dudng 1a do sai léch theo phuong thang dirng caa bé mat duong so
v6i mat chuan. Bién dong mat duong anh huong dén tinh chét khai thac caa phuong tién
(tinh tién nghi, tinh an toan), 12 ngudn kich thich dao dong cha yéu khi 6 té chuyén dong.
Theo I.A.SENKO bién dong mit duong cé thé phan thanh ba nhdm chu yéu sau:

Nhom 1: Map mé don vi

Nhom 2: Map mé c6 dang ham diéu hoa (Ham sin hay cos).

Nhom 3: Map mé ngau nhién.

Khi nghién cau luc twong tac giita 16p 6 to va duong trong khai thac, can khao sat

mat duong thuc va md ta bang cac ham ngau nhién.

Trong trudng hop bién dong mat dudng ngau nhién, chiing ta phai sir dung sé liu
dé tinh toan lai tai do cua doan duong cho trudng Vi cac bé mat xac dinh (h). Truong

hop nay cd thé st dung 2 phuong phap dé mé ta toan hoc map mé bién dong duong.

Phuong phap thir nhat: Sir dung cac dic tinh théng ké cua chiéu cao map mé u(x).
Bai vi chiéu cao map md bién dong dudng 1a mot ham ngau nhién theo chidu dai doan
duong (x) tac 13 tung d6 ¢ thoi diém bat ky s 1a cac dai lwgng ngau nhién.

Phuong phép thir hai: Thay thé bién dong thuc té cua duong gitta cac moc do do
¢, hoic cac diém duoc chon trén bién dong bang cac ham xap xi hoic noi suy.

M6 ta map mé bién dong duong bang ham ngau nhién theo chiéu dai dudng c6 thé
xem chung nhu 13 mot tap hop cua cac thé hién ngau nhién chiéu cao map mé bién dong

duong theo chiéu doc duong u (i, X) véi i 1a tha ty 1an do.
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, —00 < x <+
VICEST i=12..00 (1.22)

Mat d6 phd cong suat map mé mat duong Su (t) 1a bién doi Fourier ciia ham twong

quan Ru (t) va nguoc lai:

Syw) = [T7R,(x) - e ¥%drz (1.23)
Ru(r)=% j 5, (@) . e 19%do (1. 24)

CAc tac gia trude day thuong sir dung ham tuong quan chuan dé dic trung cho do
map mé bién dong dudng theo cdng thirc:

R(7) - _ ,
Ru(T) = F;):Z?;l a’l e 0.’|T| coS :Bi+2n+1 a1 - e alTl Sin ﬁl (1 25)

Két qua nghién ciru cia mot s tac gia co dang ham xap xi nhu:
D1: P(7) = e~@I"l

D2:P(1) = e~ %" cos B,

D3:P(7) = A;e~ M + A,e=*21Tl cos B,

D4:P(7) = Aje™ T + A, ema2l]

1.6. Co sé ly thuyét vé d6 ém diu va anh hwéng dao dong dén con nguoi
1.6.1. Anh hwéng va co ché tic dong dén co thé nguwoi
1.6.1.1 Co ché tic déng ciia hé théng treo Ién co thé nguwoi:

O 6 va cac phuong tién van tai n6i chung, khi chuyén dong sé sinh ra cac dao
dong. Cac dao dong nay tac dong truc tiép 1én con ngudi sir dung, nhirng dao dong nay
dudi dang song co hoc dugc truyén truc tiép 1én con ngudi lam cho co thé hoic ting bo
phan cua co thé dao dong theo. Khao sét cac tan sb tac dong 1én cac ving co thé ¢ cac
giéi han khac nhau trén co thé con ngudi (Hinh 1. 9). Tuy nhién dugc phép luu thong
trén dudng, tan sé dao dong cua 6 td phai dam bao sic khoe dé cho ngudi sir dung theo

quy dinh.
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Khoang 25 Hz

16 + 30 H=z

10 = 12 H=z

50 + 200 Hz

Hinh 1. 9 M6 hinh co khi don gian dai dién cho co thé nguoi dung trén mit phang dao
dong theo chiéu doc

Chuyén dong cua o td khong 1am haii dén sic khoe con ngudi ma con lam giam
kha nang nhanh nhay, giam kha ning thu thap va xir Iy thong tin. Diéu nay rat nguy
hiém cho cac lai xe di chuyén trén duong dai vi 1am giam kha ning nhanh nhay, chon
loc thong tin dudng xa, dan dén xur Iy cham céc tinh hudng trén dudng va ting kha ning

gay tai nan giao thong.

Céc thi nghiém da chang té con ngudi ¢6 thé xem nhu mot hé théng co hoc dan
hoi ¢6 tin s6 dao dong riéng tir 3 + 30Hz va c6 kha ning hap thu nhitng dao dong co
tan s6 dén 8Hz. Khi chiu luc kich thich cac bo phan cua co thé nguoi sé thuc hién cac
chuyén dong tuong ddi véi nhau. Khi ngdi trén 6 t6, phan méng truc tiép tiép xdc voi
chd ngdi, cac phan con lai cia co thé (tay, chan, lung, bung ngu, co, dau) ndi véi mong

bang c4c bo phan nhu co, gan, ddy, day chang.

Dao dong cua 6 td bao gom mot dai tan sé rong, nén cé thé phéan ra dao dong cua
khéi luong duoc treo ¢ tan sb thap va dao dong cua khéi luong khong duoc treo & tan
$6 cao.

1.6.1.2 Anh hwéng ciia hé théong treo doi Vdi co thé con nguwoi:

Dao dong myc du c6 cuong do trung binh, nhung thoi gian tac dong kéo dai cling
anh huong nghiém trong dén co thé néu tan sb dao dong khong phd hop. Nhiéu thi
nghiém da cho thdy dao dong véi tan sé tir 3 + 5Hz s& gay ra cac phan tng ¢ co quan

tién dinh, nhing rdi loan lién quan dén su luu thong mau, giy choang. Dao dong tir 3 +
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5Hz dén 11 Hz gay rdi loan ¢ duong tai trong, anh huong dén da day, gan, rudt. Dao

dong vai tan sé 11 + 45 Hz lam giam thi lyc, gay budn ndn. C6 nhitng thi nghiém vé

anh huong cua dao dong dén stc khoe.

Bang 1. 2 Mirc d6 anh huong cia dao dong dén sirc khoe con ngudi ting voi cac dai

tan sd khac nhau

Tan s6 (Hz) Anh huong
<0.1 Gay ra chung say song
Gay budn ndn, choang vang, co thé anh huong dén kha
0.125 ~ 0.25 - A 2 S s orzs
nang dicu khién an toan cua nguai lai.
- Gay ra cac phan tng ¢ tién dinh, nhing rdi loan lién
quan dén su luu théng mau, gy choang.
511 Gay roi loan ¢ duong tai trong, anh huong dén da day,
ruot.
11~ 15 Gia thi luc, gay budn non.
15~ 18 Gay ra cam xuc kho chiu trong thoi gian ngan
Gay ra ton hai dén sirc khoe khi chiu tac dong trong thoi
18 ~ 1500 . ‘.
gian dai.

Mot s6 dao dong co thé khong lam nguy hai dén stc khoe con ngudi nhung van co

thé 1am giam kha niang nhay bén, giam kha ning thu thap va xt 1y thong tin. Diéu nay

rat nguy hiém cho céc lai xe di chuyén trén duong dai vi 1am giam kha ning nhanh nhay,

chon loc thong tin dudng xa, dan dén xu Iy cham céc tinh hudng trén duong va ting kha

nang gay tai nan giao thong.

1.6.2. Cac chi tiéu danh gia
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Do ém diu chuyén dong cua 6 to 1a tap hop cac tinh chat dam bao han ché céac tac

d6ng cua dao dong cd anh hudng xau dén con ngudi, hang hda va cac két ciu cua 6 to.

Co s¢ danh gia d6 ém diu chuyén dong 6 td so séanh véi tac dong dao dong Ién con
nguoi khi di bé.

Con nguoi khi tham gia vao giao thong ciing 1a mot hé dao dong, "di lai" Ia hoat
dong thuong Xuyén cia con nguoi da tro thanh mot thoi quen. Khi con nguoi di lai twong
duong véi hé théng co dao dong, tly thudc vao hinh dang, trong luong riéng, thdi quen
ting nguoi ma s 1an budc trong mot phut thuong trong khoang 60 ~ 90 budce, tuong
duong véi tan sé dao dong khoang 1 ~ 1,5Hz. Vay nén tir théi quen d6 con ngudi chiu
dao dong hop ly trong khoang tan sé vira néu trén.

Cac chi tiéu danh gia do ém diu chuyén dong 6 t6: Phu thudc vao cac dic tinh nhan
chang hoc, dic diém tam ly caa mdi ngudi, sy phét trién kinh té, khoa hoc k§ thuat, trinh
d6 san xuat 6 to, do d6 cac chi tiéu cua timg nuéc 1a khac nhau.

Tén so dao dong

Trong truong hop dao dong tu do khong c6 can, tan sé dao dong riéng cua khoi
luong duoc treo trén 1 truc c6 thé xac dinh gan dung biéu thic (1.26) va tan s6 dao dong

riéng cua khéi lwong khong dugc treo trén 1 truc dugc xéac dinh theo biéu thire (1.27):

C
0, = | & (1. 26)
mg

Trong d6: C: Bo cung cua hé thdng treo, ms: Khéi luong duoc treo

/c +C
Qgu= |[——= (1. 27)
mu

Trong d6: C: my,: Khéi luong khong dugc treo

Gia téc dao dong
Gia téc dao dong, 1a théng sé quan trong danh gia d6 ém diu chuyén dong. Gia tri
gia toc giGi han theo cac phuong OX (phuong doc xe), OY (phuong ngang xe), OZ

(phwong thang dimg) dugc xac dinh bang thuc nghiém nhu sau:



Hinh 1. 10 M6 hinh dao dong 6 t6
Hé s6 ém diu chuyén déng

Hé s6 ém diu chuyén dong K phu thudc vao tan sé dao dong, gia téc dao dong, van
téc dao dong, phuong dao dong va thoi gian tac dung cia nd dén con ngudi. Néu K 1a
hang s6 thi cam giac khi dao dong sé& khong thay doi. Hé s6 K dugc xac dinh theo cong
thirc:

12,5z _

Trong d6: w: Tan s6 dao ddong (Hz), Z Gia toc dao dong (m/s?), Ky: Hé sé hap

thu, RMS(z): gia tri trung binh cua gia téc dao dong (m/s?).

1
RMS(Z) = |= | z? (t)dt
@=fz]7® (1. 29
0

Trong dé: T: Thoi gian tc dung, néu con ngudi chiu dao dong ngang & tu thé nam
thi hé sé Ky giam di mét nira. Hé s6 K cang nho thi con ngudi cang dé chiu dung dao
doéng va do ém diu cang cao.

Trong thuc té ddi voi 6 t6, dang dién hinh dao dong 1a ngau nhién, khi d6 nho phan

tich phd dao dong, gia tri hé s6 K duoc xac dinh theo cong thic:

(1. 30)

Trong d6: Ki: Hé s6 ém diu cua thanh phan tan sb th i, n: s6 thanh phan tan s6

ciia ham ngau nhién.
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Gia téc va thoi gian dao dong

Chi tiéu nay cha yéu cho nguoi 1ai xe va hanh khach ngdi lau trén xe. Khi ngoi
trén 6 t trong khoang thoi gian dai, dao dong s& lam co thé con ngudi mét moi.

CAc gia tri cta binh phuong gia tdc trung binh tac dong tao ra cam giac:

Dé chiu: 0.1 m/s?

Gay mét méi: 0.315 m/s?

Gay anh huong xau dén stc khoe: 0.63 m/s?

Tiéu chuan quéc té vé dao ddng

Dao dong toan than (Whole — Body Vibration — WBV): 1a dao dong truyén dén co
thé nguoi khi ho dang tiép xdc véi bé mat dao dong.

Tiéu chuan 1SO 2631 (1985)

Cac hudng din dau tién vé danh gia anh hudong dao dong toan than (WBV) dugc
dua ranim 1974 (ISO 2631). Sau nhiéu lan stra doi, bd sung, tiéu chuan duoc phéat hanh

chinh thic nam 1985 1a tiéu chuan ISO 2631 (1985), danh gia tinh ém diu chuyén dong

cua 0 t6 theo gia toc thang dang.

Tiéu chuan dua ra cac gi6i han cho phép cua gia toc trung binh binh phuong theo

N =

2 I —_[2 ]
phuong thang dang: r.m.s= [; fo T,2(t)dt
20
| T
&G 16 _— ‘rl - ‘rl
w 7S —_ i -
o 0 0 P A | -
= 8 eIt el -~______,te’—:;£_, = =
— &3 X3 P d =
— ¥ g A P -
v (X3 - A A
E' s . d - L7
s 25 o3 = =4 = > 5 ol
[ 20 =5 — 4 7
i 0,16 " = ~a
tg 125 = P D >
& = P A -
< o P~ (L e A ot
e 963 15563 P
bn °s0 on
o 9% |59 l/"f(
o en A
0.0 =
g om0 24 Tt
- = ' 4
8 (33 LQ@-}‘K 2eny
o®
= 00% 04 05063 08 10125 16 20 2524 L0 SO 43 80 %W 125 %% 20 25 NS 40 S0 63 ®

Tan s6 dao dong riéng (Hz)
Hinh 1. 11 Gi6i han cta gia toc thang dimg cho phép theo khoang thoi gian

Téc dung lién quan dén mire d6 suy giam thanh thao do moi theo 1SO 2631 (1985).
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Tan s6 dao dong riéng (Hz)

Hinh 1. 12 Gi6i han cua gia téc ngang cho phép theo khoang thoi gian
Tiéu chuan BS 6842 (1987)

Nudc anh khong chap nhan tiéu chuan ISO 2631 (1985), dua ra tiéu chuan riéng
BS 6841 (1987).

Su khéc biét chinh: Pua ra phuong phap do va danh gia dao d6ng mai, goi la chi
s6 Gia tri Mitc d6 Rung dong (Vibration Dose Value — VDV).

T 1/4
VDV = U a*(t) dt] (1.31)

Tiéu chuan AS 2670 (1990)

Tiéu chuan Uc AS 2670.1 — 1990 dong nhat véi tiéu chuan 1SO 2631/1-1985

Tiéu chuan 1SO 2631-1:1997

Tiéu chuan 1SO 2631-1:1997 1a budc cai tién cua tiéu chuan 1SO 2631:1985.

Tiéu chuan méi da loai bo khai niém giéi han lién quan dén su suy giam mac do
thanh thao do moi mét.

Thay vao do, tiéu chuan ap dung khai niém “ving khuyén cdo”, dugc sir dung dé
phan loai murc do tiép xtc véi dao dong tly theo thoi gian chiu tac dong. Khi gia tri vuot
ra ngoai gigi han cua ving khuyén céo nay, tinh trang d6 duoc xem 14 “co thé gay ton

thuong hoac nguy hai suc khoe”.

Theo tiéu chuan Anh BS 6841, chi s6 dao dong VDV (Vibration Dose Value) duoc

dung dé danh gia mtrc ¢ anh huong cua dao dong dén con ngudi. Cu thé, viing khuyén
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céo tuong ng Vi gid tri VDV ~ 8,5 m/s?, trong khi viing c6 kha nang gay nguy hai dén

strc khoe nim & mic VDV = 17 m/s2.

toc (m/s?)

g 50 gia
Q
[~ 3
w

Tron
Q
N
WV

0,16

10 run 05 1 2 4 3 24 umer

Theoi gian tac dung (h)

Hinh 1. 13 Vung khuyén céo sirc khoe tiép xtic v6i dao dong (ISO 2631-1:1997)
Bang 1. 3 (Phu luc C — I1SO 2631-1: 1997)

Nho hon 0.315 m/s? Khong c6 cam giac kho chiu
T 0.315 ~ 0.63 m/s? C6 cam giac chdt it vé sy khdng thoai mai
Tu 0.5 ~ 1 m/s? C6 cam giéc rd rét vé sy khong thoai mai
T 0.8 ~ 1.6 m/s? Khong thoai mai
Tir 1.25 ~ 2.5 m/s? Rat khdng thoai mai
L6n hon 2 m/s? Cuc ky khong thoai mai

Tiéu chuan TCVN 6964 — 1:2001

Tiéu chuan TCVN 6964-1:2001, hoan toan tuong duong véi 1ISO 2631-1:1997,
duoc sir dung dé xac dinh phuong phap danh gia rung dong toan than lién quan dén:

Murc d anh hudng cua rung dong di véi sic khoe con ngudi.

Kha nang cam nhan rung dong cia con nguoi.

Mtrc @6 gy kho chiu hoac mét moi do rung dong kéo dai.

Phuong phap danh gia chu yéu dya trén gia tri gia toc r.m.s (root mean square —
gia tc trung binh binh phuong). Thong sb nay, c6 don vi m/s? d6i vai rung tinh tién va
rad/s? d6i véi rung quay, thé hién cuong do trung binh cua dao dong trong mot khoang

thoi gian nhét dinh.



Gia tri gia téc r.m.s duoc tinh theo cong thic:

1 (T 1/4
— | 2
a,, = [T-[o aZ (t) dt]

Trong do:
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(1. 32)

T — Thoi gian chiu tac dong rung dong (s), aw)(t) — Gia téc rung dong tinh tién

hodc quay theo thoi gian, c6 don vi m/s? hoac rad/s2.

Viéc danh gia rung dong dugc thé hién thong qua cac dudng gigi han (duong gach

— gach) trong biéu d6, phan chia thanh cac ving khac nhau thé hién mirc d6 anh huong

dén suc khoe.

uO\ —
W o

B

R
g 50 gia tocm/s?)

celeration m/s{Tron

Weighted ac

>

likcely health risk

Comfort level

10dB

10 min

0,5

1

2

4

8

24 tmer

Exposure duration, h (Théi gian tiép xuc, h)

Hinh 1. 14 Vung chi dan stc khoe theo ISO 2631 va TCVN 694
Hinh 1.14 minh hoa ving chi dan sic khoe theo tiéu chuan 1SO 2631 va TCVN

6964, trong d6 néu rd gidi han tan suit dao dong ma con ngudi c6 thé chiu dugc. Khi

gia tri gia téc r.m.s vuot qua gisi han khuyén céo, rung dong duoc xem 13 c6 nguy co

anh huong dén stc khoe hoac gay cam giac kho chiu rd rét.

1.6.3. Cdc hwéng nghién ciru ciia hé thang treo

Hién nay, cing véi su phét trién manh mé caa cong nghé 6 t6, hé thdng treo ngay

cang duoc quan tm nghién ciru nham nang cao chat lugng van hanh, kha nang 6n dinh

chuyén dong va su thoai mai cho nguoi sir dung. Qu¥ dao chuyén dong cua 6 td phan

anh téng hop cac dac tinh van hanh quan trong ciia phuong tién, bao gom dic tinh dong

luc hoc (Performance), kha nang diéu khién 6n dinh (Handling) va do ém diu chuyén

dong (Ride). Pay 1a ba yéu té c6 mbi quan hé chat chg, tac dong truc tiép dén chat luong
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khai thac, @9 an toan cing nhu cam gidc thoai mai cua hanh khach trong qué trinh van
hanh.

Pic tinh dong luc hoc cua 6 t6 dugc thé hién thdng qua cac chi tiéu nhu kha ning
tang toc, hrc kéo, kha ning vuot doc va kha ning vuot chudng ngai vt trong cac diéu
kién khai thac khac nhau. Trong khi d6, d6 ém diu chuyén dong phan anh kha niang han
ché dao dong va rung dong truyén tir mat dudng 18n than xe va khoang hanh khach théng
qua hé thng treo. Viéc kiém soat dao dong c¢o vai tro dac biét quan trong nham duy tri
trang thai can bang, én dinh quy dao chuyén dong va giam anh huong bat loi cua cac

kich thich tir mat dwong, tai trong thay doi hodc diéu kién méi trudng bén ngoai.

Trang thai chuyén dong cua 6 t6 duoc hinh thanh tir sy twong tac gitra dic tinh
dong luc hoc cua phuong tién, tic dong diéu khién tir nguoi 1ai va diéu kién van hanh
thue té. Sy phéi hop gitra cac yéu té nay quyét dinh kha nang bam dudng, do on dinh
chuyén dong va muc do an toan cua phuong tién. Pong thoi, cac yéu té nhu diéu kién
mat duong, tai trong, hé théng truyén dong, luc khi dong hoc va diéu kién méi truong

cling tac dong lién tuc dén trang thai dao dong cua 6 t6 trong qué trinh van hanh.

Trong nghién ctru dao dong 6 t6, moi quan hé tuong tac giita Puong — Xe — Nguoi
dugc xem 14 hé twong tac co ban quyét dinh dic tinh dao dong va d6 ém diu chuyén
dong cua phuong tién. Noi dung nghién ctru thuong tap trung vao ba hudng chinh:
nghién ciru ddc tinh bé mit dudng nham xac dinh quy luat kich thich dao dong tir mat
duong tac dong lén banh xe; nghién ctu hé thong treo va khung xe nham dénh gia kha
nang truyén va hap thu dao dong tir banh xe 1én than xe; dong thoi phan tich anh huong
cta dao dong dén ngudi lai va hanh khéach thong qua cac chi tiéu vé cam giac ém diu,

muc d6 thoai mai va gigi han chiu dung rung dong cuia co thé con ngudi.

Nhiéu nghién ctru di danh gia dic tinh dao dong cua 6 to dwa trén tiéu chuan 1SO
2631 thong qua gia tri gia téc hiéu dung (RMS) dé xac dinh mic do ém diu chuyén
dong. Lé Van Quynh, Tran Viét Phl va cong su [1-2] d3 mo phong dic tinh dao dong
Clia xe giwdng nam va xe buyt thanh phé & cac van toc khac nhau nham danh gia anh
huong cua diéu kién khai thac dén do 8m dju. Trong khi d6, Vi va cong su [3] tap trung
nghién ciru anh huong cua qua trinh chuyén d6i sang xe dién va cho thay cac thong sé
thiét ké cua hé thdng treo co tic dong dang ké dén chat luong dao dong va sy thoai mai

cua hanh khach sau chuyén doi.
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Tuong tu, Saiful Anuar Abu Bakar va cong su [4] nhan thay rang su thay d6i phan
bd tai trong lam thay d6i chuyén dong cua cac cau xe, tir 46 anh hudng tryc tiép dén dic
tinh dong hoc va kha niang lam viéc caia hé thong treo. Ngoai ra, Thao [5] da nghién ciru
dao dong cua xe ché khéach biang md phong MATLAB-SIMULINK dua trén tiéu chuan
TCVN 1694-1:2001. Két qua nghién ciru cho thiy diéu kién mat duong va cac thdng sb
cua hé théng treo c6 anh huong dang ké dén d6 ém diu chuyén dong va su thoai méi cua
hanh khéch.

Trong hé thdng treo 6 td, tai trong phan bé gitra cu trudc va cau sau anh huong
truc tiép dén dic tinh dao dong, kha ning bam duong va do 6n dinh chuyén dong cua
phuong tién. Khi tai trong thay d6i, dac biét trong trudng hop chuyén doi tir xe st dung
dong co d6t trong sang xe dién, su thay doi vi tri khéi lugng va mémen quan tinh cua
than xe 1am bién doi dang ké trang thai 1am viéc cua hé thong treo va dap tng dao dong
cua toan xe. Vi vay, nghién ctru dac tinh dao dong cua 6 to6 khdng chi tap trung vao dac
tinh dan hdi va giam chan caa hé thong treo ma con can xem xét déng thoi anh huong
cua phan bd tai trong va dong hoc kéo nham danh gia day da chat lugng chuyén dong

va do ém diu cia phuong tién sau chuyén doi.
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CHUONG 2. COSO LY THUYET XAY DUNG MO HINH MO PHONG PONG
LUC HQOC TOAN XE PANH GIA PQ EM DIU

2.1. Co sé ly thuyét xay dung md hinh md phéng dao dong 6 to

Dua trén co sd ly thuyét dao dong da trinh bay, trong nghién ctru nay mé hinh dong
luc hoc toan xe dugc xay dung nham danh gia anh hudng cua phan bé tai trong va vi tri
bd tri bo pin dén dao dong thang ding va d6 ém diu chuyén dong cua 6 to dién sau

chuyén dbi.

O t6 dugc xem 1a mot hé dao dong co hoc nhiéu bac ty do bao gdm cac khéi luong
dugc treo va khong dugc treo lién két vai nhau thong qua hé thdng treo, 16p xe va cac
phan tir giam chan. Khéi lugng duoc treo bao gom than xe, hanh khéach, bo pin va cac
cum chi tiét gan véi than xe; trong khi khéi luong khong duoc treo bao gom banh xe,
moay-o, co cau phanh va mot phan hé thong treo. Giira cac khéi lwgng nay ton tai méi
quan hé dong luc hoc phuc tap thdng qua phan tir dan hoi va giam chan, lam phét sinh

dao dong khi xe chuyén dong trén mat dudng map mo.

Trong nghién ctru dao dong 6 t6, dao dong caa than xe chiu anh huéng tryc tiép
boi d6 cang hé thong treo, hé sé giam chan va khoi luong dugc treo. Khi phan bb tai
trong thay ddi do vi tri b tri bo pin khac nhau, tai trong tic dung 1én c4c cau xe ciing
thay doi, dan dén sy thay doi do vong tinh ctia hé thong treo va dic tinh dao dong cua
than xe. Theo ly thuyét dao dong co hoc, tan sé dao dong riéng cua hé phu thudc vao ty
sb giira do cting twong duong cua hé théng treo va khéi luong dugc treo duoc trinh bay
nhu ¢ cong thuc 2.1:

(2. 1)

fn

3=

Trong do:
fa: 14 tan s6 dao dong riéng cua hé (Hz);
k: 1a d6 cing twong dwong cua hé thong treo (N/m);

m: 1a khéi luong dugc treo (kg).
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Biéu thirc trén cho thay khi khdi luong dugc treo ting 1én do bé sung bo pin, tan
s6 dao dong riéng cua than xe c6 xu huéng giam xudng. Diéu ndy anh huong tryuc tiép
dén kha ning hap thu dao dong va mic d6 truyén dao dong tir mat duong Ién than xe,

tir d6 tac dong dén do 8m diu chuyén dong cua phuong tién.

Theo co s& ly thuyét da trinh bay, dao dong 6 t6 cd thé duoc khao sat trong mit
phing doc, mit phang ngang hoic trong khdng gian. Tuy nhién, trong nghién ciru nay
chi tap trung danh gia dao dong thiang diing cua than xe do day 1a thanh phan dao dong
anh huong truc tiép dén cam gidc ém diu cua hanh khach. Cac dao d6ng ngang va dao
dong quay duoc xem la khong dang ké trong pham vi nghién ctru va duoc bé qua nham

don gian hoa bai toan nhung van dam bao d6 chinh xac can thiét.

Trén co s& d6, mo hinh dong luc hoc toan xe duoc xay dung duwa trén ly thuyét
dong luc hoc hé nhiéu vat (Multi-Body Dynamics — MBD). Phuong phap ndy cho phép
mo ta chuyén dong tuong dbi gira than xe, hé thong treo va banh xe thong qua céc lién
két dong hoc, phan tr dan hoi va phan tir giam chan. Mic du nghién ctu chi danh gia
dao dong thang dang, md hinh van duoc xay dung vai day du bon banh xe nham phan
anh chinh xac sy thay d6i phan bé tai trong gitra cac cau xe khi bé tri bo pin tai cac vi
tri khac nhau. Cac théng sb hinh hoc, dic tinh hé théng treo va théng sb 16p dugc thiét
lap theo dung thong sb ky thuat ciia xe thyc té nham nang cao d6 tin cay cua két qua mo

phong.

Pé thuc hién md phong, phan mém MotionView thudc bo Altair HyperWorks
duoc sir dung dé xay dung va phan tich mé hinh dong luc hoc toan xe. MotionView hd
trg xay dung mé hinh tham sé hoa, thiét 1ap cac lién két dong hoc va phan tich dap tng
dao dong trong mién thoi gian. Bo giai MotionSolve cho phép xem xét anh hudng cua
dic tinh phi tuyén caa hé thng treo, dic tinh 16p va sy thay ddi phan bé khéi luong cua
xe sau chuyén do6i sang xe dién. Nhd d6, mé hinh mé phong phan anh sat hon dic tinh

dao dong thuc té ciia phuong tién trong qua trinh van hanh.

Qua trinh danh gia tan s6 dao dong riéng cua than xe dugc thuc hién theo tiéu
chuian QCVN 09:2011/BGTVT thong qua dap tng dao dong tit dan cua than xe sau khi
chiu kich thich cudng buc. Chu ky dao dong dugce xac dinh tir duong cong dap ting gia

téc theo thoi gian, sau d6 tan sé dao dong riéng duoc tinh theo biéu thic 2.2 va 2.3:
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Z()

A t

A

Ty
Hinh 2. 1 Phuong phap xac dinh chu ky dao dong riéng dua trén két qua dudng cong
dao dong tat dan cia than xe [6]

f, (2.2)

T
Tl == tz - tl (2 3)

Trong d6: fi: Tan sé dao dong riéng cua than xe (Hz), Ti: Chu ky dao dong riéng

cua than xe (s), t2: Thoi diém két thic cua chu ky dang xét (s), ti: Thoi diém bat dau cua

chu ky dang xét (s).

Phuong phéap nay cho phép danh gia dinh luong dic tinh dao dong thang dirng ciia
phuong tién, dong thoi cung cap co s¢ khoa hoc dé phan tich anh huang cua tai trong
phan bd, vi tri bé tri bo pin va dic tinh hé thdng treo dén 6 ém diu chuyén dong cua 6
t6 dién sau chuyén ddi. M6 hinh dao dong toan xe dugc lya chon nham phan anh day du
mbi quan hé tuong tac giita dao dong cau trudc, cau sau va dao dong than xe trong mat
phang doc. So véi mo hinh 1/4 xe hogc 1/2 xe, md hinh toan xe cho phép danh gia chinh
xac hon anh huong cua sy thay doi phan bo tai trong dén dic tinh dao dong tong thé cua
phuong tién.

2.2. Xay dwng mé hinh md phéng hé théng treo

Pé xac dinh cau hinh bé tri bo pin téi wu cho xe dién sau chuyén d6i, nghién cau
ap dung Quy chuan ky thuat quéc gia QCVN 09:2011/BGTVT vé kiém tra chit lwong
an toan k§ thuat va bao vé méi trudng ddi vai 6 t. Theo quy chuan nay, tan sé dao dong

riéng cua hé théng treo dugc xéac dinh thong qua dap tmg dao dong tat dan cua than xe
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sau khi chiu kich thich cudng birc. Pay 1a thong sé quan trong phan anh dic tinh dao

d6ng va mirc d6 ém diu chuyén dong cua phuong tién trong qua trinh van hanh.

Theo QCVN 09:2011/BGTVT, c6 hai phuwong phap xac dinh tan sé dao dong riéng
cua hé thdng treo. Phuong phéap thtr nhat 4p dung cho xe hai cau, trong d6 than xe duoc
nang lén mot do cao xac dinh trong khoang tir 60120 mm so Véi vi tri can bang, sau do
tha ty do xudng bé thir dé tao dao dong. Phuong phap thr hai 4p dung cho xe ¢é nhiéu
hon hai cau, thuc hién bing cach nén than xe trong ciing khoang hanh trinh tir 60-120

mm rdi tha ra dé tao dao dong va ghi nhan dap tmg dao dong cua hé thdng treo.

Trong nghién ctru nay, do ddi twong khao sét 1a xe hai cau nén nhdm tac gia lya
chon Phuong phép 1 dé thuc hién mé phong va dénh gia dao dong. Mot bé thir vai chiéu
cao kich thich 120 mm dugc xay dyng trong mé hinh md phong nham tai hién diéu kién
thar nghiém theo tiéu chuan. Bong thai, cac thdng sb hinh hoc, dic tinh hé théng treo va
dic tinh 16p cua xe dugc thiét 1ap va hiéu chinh trong mé hinh dong luc hoc toan xe

nham dam bao d6 chinh xac va tinh twong déng voi diéu kién van hanh thuc té.

Sau khi thiét 1ap mé hinh, xe dugc nang 18n khai vi tri can bang va tha tu do tir do
cao xac dinh dé tao dao dong cudng birc cho hé théng treo. Qua trinh dao dong tit dan
cua than xe dugc ghi nhan thong qua dap tng gia téc theo thoi gian. Dit liéu thu duoc
tir md phong duoc sir dung dé xac dinh chu ky dao dong va tinh toan tan sé dao dong

riéng cuia than xe theo biéu thic 2.2 va 2.3.

Thong qua viéc so sanh tan sé dao dong riéng va dap tng dao dong cua cac truong
hop b tri b pin khac nhau, nghién ctu tién hanh dénh gia anh huong cua sy thay doi
phan b tai trong dén dic tinh dao dong thang dirng cua xe. Két qua nay 1a co so dé lua
chon cau hinh bé tri bo pin phi hgp nham nang cao d6 ém diu chuyén dong va cai thién
dic tinh van hanh cua 6 t6 dién sau chuyén dbi. Kich thuéc va ciu tao chi tiét cua bé thir

dugc trinh bay trong Hinh 2.2.

230 2700 210

Hinh 2. 2 Thong s6 k¥ thuét dé tao dao dong theo Phuong phép 1 [6]
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Hinh 2.3 d¢én Hinh 2.6 md ta dic tinh cua hé thong treo, duoc st dung 1am dit lidu

dau vao cho mé Hinh mé phong.

Trong Hinh 2.3, dic tinh caa 16 xo dugc thé hién théng qua mdi quan hé gita luc
va do bién dang. Dudng cong nay duoc chia thanh ba doan: OA, AB va BC. O hai doan
dau (tir diém O dén A vatir A dén B), d6 cang cta 1o xo duoc giit khong d6i & mirc k =
19,87 N/mm, thé hién mdi quan hé tuyén tinh giira lec va do bién dang. Tuy nhién, ¢
doan BC, d6 doc cua dudng cong ting 1én, twong ng véi ¢ cang méi k = 23,18 N/mm,

cho thiy su thay di phi tuyén cua dic tinh dan hoi.

Sy thay ddi nay xuat phat tir thiét ké budc xodn khong déu cua 16 xo, nham diéu

chinh dic tinh dan hoi dé phi hop hon véi diéu kién tai trong thuc té trong qué trinh van

hanh cua xe.
Z(N)
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Hinh 2. 3 Dic tinh cta phan tir 10 xo hé thng treo trudc
Trong Hinh 2.4, méi quan hé gitra van téc va luc thé hién dic tinh cua phan te
giam chan. Tryc hoanh biéu dién van toc dich chuyén, trong khi truc tung biéu dién luc

tac dung.

Phan tich hinh nay cho thay dac tinh giam chan dugc chia thanh hai phan, twong
ing véi gdc phan tu thir nhat va thir ba cua hé truc toa d6. O goc phan tu thir nhat, biéu
dién hanh trinh héi (rebound), luc giam chan cuc dai dat 3926,99 N tai van toc 50 mm/s.
Trong khi d6, & goc phan tu tht ba, biéu dién hanh trinh nén (compression), luc giam

chan cuc dai dat 455,601 N, ciing tai van téc 50 mm/s.
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Hinh 2. 4 Dic tinh ctia phan tir giam chan hé thong treo trudc
Trong Hinh 2.5, dic tinh caa 10 xo duoc thé hién bang duong cong quan hé giita
lyc va d6 bién dang, trong d6 truc hoanh biéu dién do6 bién dang va truc tung biéu dién

luc tac dung.

Lo xo cua hé théng treo sau thé hién dic tinh tuyén tinh véi do cang khong doi k
= 16,6 N/mm. Diéu ndy tuan theo dinh luat Hooke: F = kx, trong d6 F 1a luc (N), x 1a 46
bién dang (mm), va k 12 d6 cing (N/mm). Do d6, phuong trinh c6 thé viét thanh F =

16,6x, nghia 1a lyc ting thém 16,6 N cho mdi milimét bién dang cua l0 xo.

Z(N)
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Hinh 2. 5 Dic tinh cta phan tir 10 xo hé théng treo sau
Hinh 2.6 minh hoa méi quan hé gitra van téc va luc, thé hién dic tinh caa phan tu

giam chan. Puong cong dic trung dugc chia thanh hai viing hoat dong:
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O g6c phan tu tha nhat, tuong wng véi hanh trinh hoi (rebound), luc giam chan
cuc dai dat 2650,72 N tai van téc 50 mm/s.

O gdc phan tu tha ba, twong tng véi hanh trinh nén (compression), lec giam chan

cuc dai dat 293,54 N ciing tai van téc 50 mm/s.

Két qua nay cho thay dac tinh phi tuyén ctaa bo giam chan, trong d6 Iuc can trong
pha hdi I6n hon dang ké so véi pha nén, gitp kiém soat dao dong than xe hiéu qua hon
va nang cao d6 6n dinh khi van hanh.

Z(N)
{h

Z =2650.72 | _ - L e e
\ax

gtm.

2,=266.85 [ - ---- -

05 | Valmis)

Hanh trinh nén

Hinh 2. 6 Pic tinh cta cac phan tir giam chin trong hé théng treo sau

Hinh 2.3 d&én Hinh 2.6 trinh bay dic tinh d6ng hoc ctia cac phan tir dan hoi va giam
chan trong hé thong treo, dugc sir dung lam dit liéu dau vao cho mé hinh md phong
d6ng luc hoc toan xe. Cac dic tinh nay duoc xay dung dua trén thong sb thuc té cua xe
Honda Civic nham d¢am bao kha ning phan anh chinh xac dap ing dao dong ciia phuong
tién trong qua trinh md phong. Pdi véi hé thong treo trude, dac tinh caa phan tir 10 xo
duogc biéu dién thong qua méi quan hé gitra luc dan hoi va do bién dang. Trong ving
lam viéc ban dau, 16 xo c6 d6 cang gan nhu khong ddi véi gia tri k=19,87 N/mm, thé
hién dic tinh tuyén tinh theo dinh luat Hooke. Trong khi d6, 10 xo hé thng treo sau c6
dic tinh tuyén tinh voi d6 cang khong d6i k=16,6 N/mm, gilp cai thién kha ning hap

thu dao dong va nang cao do ém diu chuyén dong cua than xe.

Pic tinh cua bo giam chan dugc xac dinh théng qua quan hé gitra luc giam chan

va van téc dich chuyén cua piston giam chan. Két qua cho thy luc giam chan trong
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hanh trinh hdi (rebound) 16n hon dang ké so véi hanh trinh nén (compression) d6i V6i
ca hé thong treo trudc va sau. Cu thé, & hé thdng treo truéc luc hdi cuc dai dat 3926,99
N, trong khi luc nén cuc dai dat 455,601 N tai van toc 50 mm/s. Di véi hé théng treo
sau, luc hdi cuc dai dat 2650,72 N va luc nén cuc dai dat 293,54 N tai cling van téc. Dac
tinh nay cho phép hé thdng treo ting kha ning dap tit dao dong du cta than xe sau khi
chiu kich thich.

Sau khi xay dyng mé hinh dong lec hoc toan xe, cac thong sé hinh hoc bao gom
chiéu dai co s, chiéu rong co so, ban kinh 16p va dic tinh hé thong treo duoc thiét 1ap
trong méi trudng moé phong dua trén thdng sé thuc té cua xe Honda Civic. Cac thong sb
cua phan tir dan hoi, giam chan va thong sé 16p xe duogc giit nguyén cho phién ban xe
sau khi chuyén doi sang hé truyén dong dién nham danh gia tryc tiép anh hudong cua su
thay d6i phan b tai trong va vi tri bd tri bo pin dén dic tinh dao dong thang dung cua

phuong tién. Cac thong so chi tiét ciia mé hinh dugc trinh bay trong Bang 2.1.

Bang 2. 1 Thiét lap diéu kién mé phong hé théng treo

Néi dung Gia tri thiét 1ap
Théng s6 16p 205/55 R16
bac tinh 10 xo K=19.9N/mm
, [CURVE]
H¢ thong treo trudc { vel  force}
, -500 -455.601
bac tinh giam chan -200 -119.340
0.0 0.0
200 358.01
500 3926.99
Thong so 1op 205/55 R16
bac tinh 10 xo K=16.6N/mm
PRI [CURVE]
H¢ thong treo sau [ el force }
, ., 2 -500 -293.54
bac tinh giam chan -200 -88.95
9.0 0.0
200 266.85
500 2650.72)

Sau khi c4p nhat dic tinh cua hé thong treo trong mé hinh dong luc hoc toan xe,
budéc tiép theo 1a hiéu chinh cac théng s6 phan bé khéi lugng cua phuong tién. Trudc
hét, cac kich thudc hinh hoc co ban caa xe bao gom chiéu dai co so va khoang céch vét
banh trudc — sau duogc thiét 1ap va hiéu chinh trong md hinh mé phong, nhu minh hoa
trong Hinh 2.7. Viéc cap nhat chinh xac cac théng sb hinh hoc nay cho phép mé hinh

phan anh dang dic tinh dong hoc va phan bé tai trong cua xe trong qué trinh van hanh.
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2.3. Thiét 1ap cac trudong hop mod phéng phan bé tai trong sau khi chuyén déi sang

dong co dién

Sau khi hoan thién cac théng sé hinh hoc va khéi lugng téng thé cua xe, toa do
trong tAm duoc xac dinh dya trén phan b tai trong gitra cau truéc va ciu sau tuong tng
Véi tirng trudng hop tai trong khac nhau. Sy thay doi vi tri trong tam ¢ anh huong truc
tiép dén dic tinh dao dong thang ding cua than xe, do vong tinh cia hé thdng treo ciing
nhu kha nang hap thu dao dong cua phwong tién. Vi vay, viéc xac dinh chinh xac phan
bd khdi lwgng va toa do trong tam 13 co s& quan trong dé danh gia anh huoéng cua vi tri

bé tri bo pin dén d6 ém diu chuyén dong cua 6 t6 dién sau chuyén doi.

1=2700 (mm) "B=1500 (mm)

Hinh 2. 7 Thong s6 k¥ thuat co ban cia xe
Sau khi diéu chinh kich thudc co ban va khéi luong cua xe, toa d6 trong tam cua
xe nguyén ban dugc xac dinh dua trén phan bé tai trong gitra cau trudc va cau sau trong

tirng truong hop tai trong, nhu thé hién trong Bang 2.2.

Théng sb ky thuat va phan b khéi luong cua xe nguyén ban duoc trinh bay trong
Bang 2.2, trong khi céc thong s6 tuong wng cua xe sau khi chuyén doi sang hé truyén
dong dién duoc thé hién trong Bang 2.3. Dya trén cac di liéu nay, md hinh md phong
duoc cap nhat nham phan anh su thay ddi tai trong tac dung lén cac cau xe va su dich

chuyén trong tam khi bé tri bo pin tai cac vi tri khac nhau.

Bang 2. 2 Cac thdng sé6 md phong cia xe nguyén ban

Khéi luong day tai 1585kg
_ _ .| Tai trong phan b6 cau trudc 951kg
Tai trong toan phan i N
Tai trong phan bo cau sau 634kg
Toa do trong tam toan xe theo phuong x 1080mm

Trong nghién ctiru nay, bo pin dugc lua chon ¢6 kich thudc 1816%1362x234 mm

(Dai x Rong x Cao) va duoc bd tri bén dudi san xe nham tan dung khong gian lap dit,
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d6ng thoi ha thap trong tdm caa phuong tién dé cai thién d6 on dinh chuyén dong. Do
chiéu dai b pin twong ddi 16n trong khi chiéu dai co sé cua xe duogc gitt ¢b dinh & muc
L=2700 mm, khdng gian b tri pin bi gisi han trong viing giira cau trudc va cau sau. Vi
vay, vi tri lap dat bo pin chi c6 thé dich chuyén theo phuwong doc cua xe trong mot
khoang nhat dinh nham dam bao khong xay ra hién twong giao thoa két cau vai hé théng

treo, banh xe va cac cum chi tiét khéac cua khung gam.

Trong mé hinh nghién ctu, vi tri bo pin dugce xac dinh théng qua tham sé x, 1a
khoang céch tir tim banh xe ciu truéc dén mép truéc cua bo pin, nhu minh hoa trong
Hinh 2.8. Khi thay d6i gia tri X, tam khdi lwong caa bo pin s& dich chuyén doc theo chiéu
dai co so cua xe, lam thay doi phan bé tai trong giita cau trudc va cau sau. Dé danh gia
day di anh huong cua vi tri b tri pin dén dic tinh dao dong thang ding cua phuong
tién, nghién ciu lya chon ba ciu hinh b tri dic trung twong tng Vi cac gigi han khdng

gian lap dat thyc té.

Truong hop 1 duoc lua chon tai vi tri gan cau trudce nhat ma van dam bao khoang
ho lap dat va khdng anh huong dén két cau hé théng treo trude. Trong truong hop nay,
tam khéi luong cua bo pin dich chuyén vé phia trude, lam ting tai trong tac dung 1én
cau trude. Nguoc lai, Truong hop 3 dugc b tri tai vi tri xa cau trude nhat, tac gan cau
sau nhat trong gigi han chiéu dai co s& cho phép, lam ting tai trong tac dung lén cau
sau. Trudng hop 2 duoc bé tri tai vi tri trung tdm cua than xe, khi d6 tam khdi lugng bo
pin nam gan gitra hai cau xe, gilp tai trong phan b tuong d6i dong déu giira cau trudc
va cau sau. Viéc lva chon ba trudong hop dic trung nay cho phép danh gia xu huéng thay
d6i phan bo tai trong va anh huong cua vi tri bd tri bo pin dén dic tinh dao dong, do
vong hé thong treo va do ém diu chuyén dong caa 6 t6 dién sau chuyén doi. Phan b tai
trong twong GNg cua tirng cau hinh duoc trinh bay trong Bang 2.3 va minh hoa trong
Hinh 2.8.

Hinh 2. 8 Biéu dién vi tri lap dat pin
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Bang 2. 3 Cac truong hop bé tri bo pin phuc vu mo phong dong luc hoc

n Truong Truong Truong
Noi dung hop 1 hop 2 hop 3
Toan tai 1882 Kg
Phén b6 tai trong cau trude 1098 Kg | 1185Kg | 1082 Kg
Toan | Phan bb tai trong cau sau 784 Kg 697 Kg 800 Kg
tai Toa d0 trong tam toan xe theo 1124 mm 1000 mm 1148 mm
phuong x
Khoang cach tir tam banh trude X=442 X=292 X=592
dén vi tri 1ap dét pin mm mm mm

Tiép theo, dé thu thap dit liéu gia téc trong qua trinh md phong tha roi theo tiéu
chuan QCVN 09:2011/BGTVT, c4c cam bién gia téc dugc b tri cb dinh trén than xe
tai hai vi tri gan cau trudc va cau sau. Khoang cach giita hai diém do twong (ng véi
chiéu dai co so cua xe 1a 2700 mm. Viéc b tri cam bién tai hai dau than xe cho phép
ghi nhan chinh xac dap tng gia téc thang ding cta than xe trong sudt qué trinh dao
dong, dong thoi hd trg danh gia sy khac biét dao dong gitra khu vuc cau trudc va cau

sau dudi anh huong cua phan bd tai trong va vi tri b tri bo pin.

Sau khi hoan thién mé hinh dong luc hoc va hé théng do, xe duogc dat trén bé thu
v6i @6 cao kich thich h=120 mm, phu hop véi diéu kién thir nghiém theo QCVN
09:2011/BGTVT. Bé md phong trang thai tha roi tu do cua xe khoi bé thir, mot luc tac
dung c6 gia tri 18.820 N duoc &p dung theo phuwong nguoc chiéu truc x. Gia tri luc nay
duogc xac dinh dya trén tong khéi luong cia xe sau chuyén doi 1a 1882 kg nham téi hién
trang thai xe dimg yén nhung bi dich chuyén khoi vi tri can bang trudc khi bat dau dao

dong.

Khi lyc tac dung bi loai bo, md hinh xe thuc hién dao déng tat dan dudi tac dong
cua trong luc, hé thdng treo va dic tinh giam chan cua 16p xe. Dit liéu gia téc thu duoc
tir cAc cam bién duoc sir dung dé xac dinh chu ky dao dong va danh gia tan s6 dao dong
riéng cua than xe trong ting trudng hop bd tri bo pin khac nhau. Qua d6, nghién ctu
tién hanh phan tich anh huong cua sy thay d6i phan bé tai trong dén dac tinh dao dong

thang dimg va d6 ém diu chuyén dong cua 6 to dién sau chuyén doi.
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CHUONG 3. PANH GIA ANH HUONG CUA PHAN BO TAI TRONG VA PAC
TINH HE THONG TREO PEN DAO PONG O TO

3.1. Panh gia anh hwéng caa trudng hop xe nguyén ban dén dao dong 6 to

3.1.1. Tan sé dao dong riéng trwong hep xe nguyén ban khi chiéu cao bé thir dwoc
dat 0 h =120 mm

Dua trén két qua gia téc cau trude thé hién trong Hinh 3.1, hai dinh dao dong lién
tiép duogc xac dinh tai cac thoi diém t1=3,299 va t,=3,809. Tai thoi diém t1, gia tdc cau
trudc dat gia tri cuc dai khoang 10 000mm/s?, phan anh phan tng dong luc hoc tirc thoi
cua hé thong treo khi xe tiép xdc voi bé mat sau qua trinh tha roi theo diéu kién thir
nghiém cua QCVN 09:2011/BGTVT. Sau chu ky dao dong dau tién, bién do gia téc suy
giam déng ké va tai thoi diém to, gié tri gia toc cuc dai chi con khoang 2500 mm/s?. Sy
suy giam rd rét ciia bién do gia toc giita hai dinh dao dong lién tiép cho thay nang lugng
dao dong duoc tiéu tan hiéu qua thong qua co ciu giam chan cua hé thng treo. Két qua
nay chang minh hé théng treo cau trudc c6 kha nang dap tat dao dong tot, gop phan cai
thién do 6n dinh dao déng cua than xe va nang cao do6 ém diu chuyén dong trong diéu
kién thur nghiém.

Tir khoang thoi gian gitta hai dinh dao dong lién tiép, chu ky dao dong riéng cua
hé thdng treo cau trude duoc xac dinh 1a T=0,51 s, twong (g véi tan s dao dong riéng
f=1,96 Hz. Gia tri nay nho hon gidi han 2,5 Hz theo QCVN 09:2011/BGTVT, cho théy
dic tinh dao dong cua hé thdng treo cau trude dap tng yéu cau ky thuat va nam trong
gidi han cho phép cua tiéu chuan hién hanh.

Front axle acceleration graph
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Hinh 3. 1 D6 thi gia téc cia ciu trude
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Hinh 3.2 thé hién dap ung dao dong cua cau sau trong diéu Kién thir nghiém tha
roi theo QCVN 09:2011/BGTVT. Két qua cho thiy hai dinh dao dong lién tiép xuat hién
tai cac thoi diém t,=3,309 s va t,=3,809 s, trong @ng Véi chu ky dao dong riéng T=0,5 s.
O thoi diém ty, gia téc cau sau dat gia tri cuc dai xap xi 11000 mm/s?, cho thay hé thdng
treo phan @ng manh ngay sau khi xe tiép xtc véi bé mat thir nghiém. Tuy nhién, dén
chu ky ké tiép tai t, bién do gia téc giam xudng con 1500 mm/s2. Su suy giam dang ké
cua bién d6 dao dong gitra hai chu ky lién tiép phan &nh kha ning tiéu tan ning luong
dao dong twong dbi hiéu qua cua hé théng giam chin, qua d6 han ché dao dong duy tri
trén than xe va cai thién dic tinh ém dju chuyén dong.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng caa hé théng treo cau
sau dugc tinh toan dat f=2 Hz. Mic du ton tai sy khac biét nhat dinh so vai cau truée do
dic tinh phan bd tai trong va dic diém két cau hé thong treo, gia tri nay van nam trong
gidi han cho phép theo QCVN 09:2011/BGTVT (f<2,5 Hz). Vi vay, hé théng treo cau
sau dugc danh gia dap tng yéu cau ki thuat vé dic tinh dao dong va d6 8m diu van hanh
theo tiéu chuan hién hanh.

Rear axle acceleration graph
15000

10000{ [\
5000

-5000{ |
-10000

3.309
3.809

-15000
-20000|
-25000 ‘

-30000 g
Rear axle acceleration graph|
-35000°

.0 0.5 1.0 1.5 20 &5 30 35 4.0 45 5.0
Time (s)

Acceleration (mm/sh2)

Hinh 3. 2 D6 thi gia téc ciia cau sau
3.2. Panh gia anh hwéng cia cac treong hop bd tri pin dén phan bé tai trong va
dic tinh hé thong treo dén dao dong 6 td
3.2.1. Tdn sé dao déng riéng khi chiéu cao bé thir dwoc dit ¢ h = 120 mm trong cac

trwong hop thay doi vi tri ldp dat bé pin

Déi véi Truong hop 1, b pin duoc bd tri tai vi tri cach tim banh trudc X=442 mm,
Véi tai trong phan b 18n cau trude va cau sau lan luot dat 1098 kg va 784 kg, nhu trinh
bay trong Bang 2.3. Su thay doi phan bd khéi lugng nay 1am bién doi dang ké dac tinh

dao dong cua hé thdng treo cau trude, duoc thé hién rd qua dap tng gia téc trong Hinh



44

3.3. Hai dinh dao dong lién tiép duoc xac dinh tai cac thoi diém t1=3,319 s va t,=3,759 s,
tuong ng vai chu Ky dao dong riéng T~=0,44 s.

Tai thoi diém ty, gia tc cau trude dat gié tri cuc dai xap xi 11000 mm/s2, phan anh
phan tng dong luc hoc manh cua hé théng treo khi xe tiép xic véi bé mit thir nghiém
sau qué trinh tha roi. Bén thoi diém ty, gia téc van duy tri & muac twong ddi 16n, khoang
8000 mm/s2. So véi chu ky dao dong dau tién, bién d6 gia tdc chi suy giam nhe, cho
thiy dao dong cua ciu trude chua dugc dap tit hiéu qua sau chu ky ban dau. Pong thoi,
sau tz, hé thdng tiép tuc xuat hién nhiéu dao dong ké tiép véi bién do con kha 16n truéc
khi 6n dinh hoan toan. Diéu ndy cho thiy kha ning tiéu tan ning lwong dao dong cua hé
thdng treo trong Truong hop 1 bi suy giam so véi cau hinh ban dau, dan dén thoi gian
tat dan dao dong kéo dai hon. Nguyén nhan cha yéu xuat phét tir viéc bo pin dugc bb tri
gan ciu trudc, lam gia ting tai trong tc dung I&n ciu nay va thay d6i dap tung dong luc

hoc cuia toan bo hé thong treo.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng caa hé théng treo cau
trude trong Truong hop 1 dugc tinh toan dat f=2,27 Hz. Mac du gié tri nay tang so vai
c4u hinh ban dau, né van nam trong giéi han cho phép theo QCVN 09:2011/BGTVT
(f<2,5 Hz). Két qua cho thay viéc bd tri bo pin gan cau trudc ¢ anh hudng truc tiép dén
dic tinh dao dong cua phuong tién, 1am ting xu huéng dao dong va tan sé dao dong
riéng caa hé thdng treo cau trudc.

Front axle acceleration graph case 1
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Hinh 3. 3 6 thi gia tdc cua ciu trude — Trudng hop 1
Ddi véi cau sau trong Truong hop 1, dap ang gia toc thé hién trong Hinh 3.4 cho
thay hai dinh dao dong lién tiép xuat hién tai cac thoi diém t:=3,319 s va t,=4,01 s, twong
g Véi chu ky dao dong riéng T=0,69 s. Tai thoi diém t1, gia toc cau sau dat gia tri cuc

dai 11000 mm/s?, trong khi tai thoi diém to, bién do gia toc giam xubng con khoang
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3500 mm/s2. Su suy giam dang ké cua bién do dao dong cho thay hé thong treo cau sau
c6 kha ning tiéu tan ning lugng dao dong twong ddi hiéu qua va dao dong duoc dap tat

nhanh hon so v&i ciu truéc.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng cua hé thng treo cau
sau duoc tinh toan dat khoang f=1,45 Hz. Gi4 tri nay thap hon so véi cau trudc va van
nam trong giGi han cho phép theo QCVN 09:2011/BGTVT (f<2,5 Hz). Két qua cho thay
mac dU sy thay d6i vi tri b6 tri bo pin anh huong dén dic tinh dao dong cua phuong tién,
hé thng treo cau sau van dam bao yéu cau ky thuat vé dé ém diu va én dinh dao déng
trong diéu kién mé phong.

Rear axle acceleration graph case 1
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Hinh 3. 4 D6 thi gia toc cua cau sau — Truong hop 1

Két qua mod phong tan sé dao dong riéng cho Trudng hop 2 duogc trinh bay trong
Hinh 3.5 va Hinh 3.6. Déi vai cau trudce két qua duoc thé hién nhu ¢ hinh 3.5, hai dinh
dao dong lién tiép duoc xac dinh tai cac thoi diém t,=3,32 s va t,=3,75 s, tuong @ng Vi
chu ky dao dong riéng T=0,43 s. Tai thoi diém t1, gia tc cau trude dat gié tri cuc dai
11000 mm/s?, trong khi tai thoi diém to, bién do gia toc van duy tri & mic twong d6i 16n
8500 mm/s2. Két qua cho thiy dao dong cua cau trude chua duoc dap tit nhanh sau chu
Ky dau tién va tiép tuc duy tri véi nhiéu dao dong ké tiép truéc khi on dinh hoan toan.
Diéu nay phan &nh su anh huéng rd rét cua vi tri bé tri bo pin dén dap tmg dong huc hoc
cua hé thong treo cau trudc.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng cua hé thng treo cau
trude trong Truong hop 2 dugce tinh toan dat f=2,32 Hz. Gi tri nay cao hon truong hop
1 va tiém can gigi han cho phép theo QCVN 09:2011/BGTVT (f<2,5 Hz). Két qua cho
thiy viéc thay ddi vi tri lip dit bo pin trong Truong hop 2 lam gia ting do ciing dao
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dong cua cau trude, ddng thoi lam ting mic do dao dong va kéo dai thoi gian on dinh
cua hé thong treo.

Front axle acceleration graph case 2
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Hinh 3. 5 D6 thi gia tdc cua cu trude — Trudng hop 2

Hinh 3.6 trinh bay dap tng gia toc cua cau sau trong Trudng hop 2. Hai dinh dao
dong lién tiép duoc xac dinh tai t1=3,32 s va t,=4,00 s, trong tng véi chu ky dao dong
riéng T~0,68 s. Tai t1, gia toc cau sau dat gia tri cuc dai 11000mm/s?, trong khi tai t2, gia
téc giam con khoang 4000 mm/s2. Sy suy giam nay cho thiy dao dong tai cau sau duoc

tiéu tan twong d6i nhanh sau chu ky dau tién.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng caa hé théng treo cau
sau trong Truong hop 2 dat f=1,47 Hz. Gid tri nay thap hon cau trudc va nam trong gioi
han cho phép theo QCVN 09:2011/BGTVT (f<2,5 Hz). Do d6, hé théng treo cau sau
trong Truong hop 2 van dap tng yéu cau vé dic tinh dao dong va d6 ém diu trong diéu
kién mo phong tha roi.

Rear axle acceleration graph case 2
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Hinh 3. 6 D5 thi gia toc clia cau sau — Truong hop 2

Két qua mod phong tan sb dao dong riéng cho Trudng hop 3 dwoc trinh bay trong
Hinh 3.7 va Hinh 3.8. Béi voéi cau trudc, Hinh 3.7 cho thay hai dinh dao dong lién tiép
Xuat hién tai t1=3,32 s, twong tng véi chu ky dao dong riéng T=0,46 s. Tai thoi diém ty,

gia tbc cau trude dat 11000 mm/s?, trong khi tai to, gia toc van duy tri & mic 7000 mm/s?.
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Diéu nay cho thay dao dong ciia ciu trude chua suy giam nhanh sau chu ky dau tién va

van tiép tuc dao dong véi bién do dang ké trong céac chu ky sau.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng caa hé théng treo cau
trude trong Truong hop 3 dat f=2,17 Hz. Gia tri nay thap hon so vé6i Trudng hop 1 va
Truong hop 2, ddng thai van nam trong gidi han cho phép theo QCVN 09:2011/BGTVT
(f<2,5 Hz). Két qua cho thay cau hinh bé tri pin trong Trudng hop 3 gilp cai thién phan
nao dic tinh dao dong cua cau trudc, nhung hé théng van xuat hién bién do gia toc twong
d6i 16n sau kich thich tha roi.

Front axle acceleration graph case 3
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Hinh 3. 7 D6 thi gia téc ciia cau trude — Trudng hop 3

Déi vai cau sau trong Trudng hop 3, Hinh 3.8 cho thay hai dinh dao dong lién tiép
duogc xac dinh tai t1=3,32 s va t,=4,02 s, twong tng véi chu ky dao dong riéng T=0,70 s,
gia téc cau sau dat gia tri cuc dai 11000 mm/s?, trong khi tai t2, gia téc giam con khoang
3000 mm/s2. Su suy giam rd rét caa bién do gia téc cho thay dao dong tai cau sau duoc

tiéu tan twong d6i nhanh sau chu ky dau tién.

Tir chu ky dao dong xac dinh duoc, tan sé dao dong riéng caa hé théng treo cau
sau trong Truong hop 3 dat f=1,43 Hz. Gi4 tri nay thap hon so véi cau trudc va nam
trong gidi han cho phép theo QCVN 09:2011/BGTVT (f<2,5 Hz). Két qua nay cho thay
hé thong treo cau sau trong Truong hop 3 van dam bao yéu cau k§y thuat vé dac tinh dao
dong va d6 ém diu trong diéu kién thir nghiém tha roi.

Rear axle acceleration graph case 3

Rear axle acceleration o S
=

10000/ | m

15000,

5000( | |

o"'

50001

-10000

Acceleration (mm/sA2)

-15000

-20000]

= 05 1.0 15 20 25 30 35 4.0 45 5.0

Time (s)

Hinh 3. 8 B thi gia téc ctia cdu sau — Truong hop 3
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Bang 3. 1 Banh gia twong quan giira cac truong hop mé phong

Théng s6 Xe nguyén
Truwong hgp 1 | Truong hop 2 | Truwong hop 3
danh gia ban
Khéi luong
. 1585 1882
toan xe (kg)
Tai trong cau
951 1098 1185 1082
trude (kg)
Tai trong cau
634 784 697 800

sau (kg)
Vi tri pin (mm) - X=442 X=292 X=592
Gia toc dao
dong cau trudc 2500 8000 8500 7000
(mm/s?)
Muc ting gia

. - 220% 240% 180%
toc cau trude
Gia tbc dao
dong cau sau 2500 3500 4000 3000
(mm/s?)
Tan s6 dao
dong riéng cau 1,96 2,27 2,32 2,17
trudc (Hz)
Miic thay doi

. - +15,8% +18,4% +10,7%
cau trudce
Tan s6 dao
dong riéng cau 2,00 1,47 1,43 1,43

sau (Hz)
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Mirc thay ddi
\ - —26,5% —28.,5% —28.5%
cau sau

Dua trén két qua trinh bay trong Bang 3.1, ¢6 thé nhan thay vi tri b tri bo pin anh
huong dang ké dén dap ung dao dong thang dung, tan s6 dao dong riéng va trang thai
lam viéc cua hé théng treo sau khi phuong tién duoc chuyén doi tir dong co dét trong
sang hé truyén dong dién. D4i véi cau trudc, xe nguyén ban ¢ gia toc dao dong tai dinh
thir hai khoang 2500 mm/s2 va tan sé dao dong riéng dat 1,96 Hz. Sau khi lap dat bo pin,
gia tbc dao dong tang 1én khoang 8000 mm/s? ¢ Truong hop 1, 8500 mm/s? & Trudng
hop 2 va giam xudng con khoang 7000 mm/s? & Truong hop 3, twong tng muc ting
220%, 240% va 180% so vai xe nguyén ban. Pong thoi, tan s dao dong riéng ting 1én
lan luot dat 2,27 Hz, 2,32 Hz va 2,17 Hz, tuong tng murc tang 15,8%, 18,4% va 10,7%.

Trong ba phuong an khao sat, Trudng hop 2 cho gia tri gia toc dao dong va tan sb
dao dong riéng 16n nhat do bo pin dugc bo tri gan cau trude hon (x = 292 mm), 1am tai
trong tac dung Ién cau trude ting 1én khoang 1185 kg. Sy gia ting tai trong nay 1am hé
théng treo trudc 1am viéce trong ving ¢ dd vong tinh 16n hon, kéo theo su thay d6i dic
tinh dan hoi cua 10 xo, dic tinh giam chan va d6 cimg dong tuong duong cua hé thdng
treo. Két qua 1a kha niang hap thy va tiéu tan nang luong dao dong suy giam, lam gia
tang bién d6 rung dong truyén 1én than xe. Nguoc lai, & Truong hop 3, khi bo pin duoc
dich chuyén xa cau trudc hon (x = 592 mm), tai trong cau trudc giam xudng con khoang
1082 kg, gitp hé thong treo duy tri trang thai 1am viéc 6n dinh hon, han ché su thay doi
dic tinh dan hoi va giam chan, tir d6 cai thién kha ning hap thu dao dong va lam giam

muc gia ting gia téc dao dong ciing nhu tan sé dao dong riéng cua than xe.

Déi vai cau sau, xe nguyén ban cé gia toc dao dong khoang 1500 mm/s? va tan sb
dao dong riéng dat 2,00 Hz. Sau khi bé tri bo pin, gia tbc dao dong tang 1én khoang 3500
mm/s?, 4000 mm/s?> va 3000 mm/s? twong ung véi Truong hop 1, Truong hop 2 va
Truong hop 3, twuong tng muc tang 133%, 167% va 100% so v&i xe nguyén ban. Trong
khi @6, tan s6 dao dong riéng giam xuéng con 1,45 Hz, 1,47 Hz va 1,43 Hz, tuong Gng
muc giam 27,5%, 26,5% va 28,5%. Két qua nay cho thay khéi lugng bé pin khoang 297
kg da 1am thay d6i dang ké phan bo tai trong va vi tri trong tam caa phuong tién. Khi tai
trong dich chuyén vé phia sau, d6 vong tinh cua hé thng treo sau ting 1én, 1am giam do

cting twong dwong cta hé thdng treo va din dén xu hudng giam tan sé dao dong riéng
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tai cau sau. Tuy nhién, su dich chuyén tai trong nay dong thoi gop phan giam tai cho
cau trudc, gilp can bang phan bé tai trong gitta hai cau xe va cai thién hiéu qua lam viéc
tong thé caa hé thong treo. Két qua nghién ciru ciing cho thay vi tri b tri bo pin ¢6 anh
huong truc tiép dén dong hoc kéo va dic tinh dao dong cia phuong tién. Khi tai trong
tap trung qua Ion 1én mot cau xe, d6 vong tinh cua hé thong treo ting dang ké, 1am thay
d6i d6 cimg twong duong, hé sé giam chan va trang thai 1am viéc cua cac phan tir dan
hoi. Piéu nay dan dén su gia ting dao dong thang dtng, dao dong lic doc va rung dong
truyén Ién than xe, 1am suy giam d6 ém diu chuyén dong va do 6n dinh van hanh. Nguoc
lai, khi tai trong duoc phan b hop ly gitra cau trudc va cau sau, hé thong treo c6 thé
duy tri trang thai l1am viéc gan véi ving thiét ké t6i wu, bao dam kha ning hap thu va

tiéu tan nang luong dao dong hi¢u qua hon.

Bén canh chi tiéu tan s dao dong riéng, gia toc dao dong thang ding caa than xe
dugc xem 1a théng s6 danh gia truc tiép mac do ém diu chuyén dong caa 0 to. Gia toc
dao dong cang lon thi luc quan tinh tac dung Ién than xe va hanh khach cang cao, lam
gia ting rung dong truyén vao khoang hanh khach, gay cam giac khé chiu va anh husng
dén chat lugng van hanh ciia phuong tién. Két qua md phong cho thay Truong hop 3 dat
gia tri gia tc dao dong nho nhat & ca cau trudc va cau sau, voi gia tri lan luot khoang
7000 mm/s2 va 3000 mm/s2. So véi Truong hop 1 va Truong hop 2, gia toc dao dong tai
cau trudc giam twong wng khoang 12,5% va 17,6%, trong khi tai ciu sau giam khoang
14,3% va 25%. Piéu nay chung té hé théng treo trong Truong hop 3 c6 kha ning hap
thu va tiéu tan ning luong dao dong tét hon, qua d6 lam giam luong rung dong truyén
1én than xe. Theo quan diém danh gia do ém diu chuyén dong, phuong an c6 gia toc dao
dong nho hon sé& mang lai cam giac thoai mai hon cho hanh khach, dong thoi giam tai
trong dong tac dung I&n céc chi tiét két ciu cua hé thong treo va than xe. Do d6, mac du
ca ba phuong 4n déu dap @ng yéu cau veé tan s6 dao dong riéng, Truong hop 3 van cho
thiy uu thé vuot troi nho dat duoc gid tri gia te dao dong thap nhat, phan anh kha nang

kiém soat rung dong hiéu qua hon va chat lugng chuyén dong tot hon.

Trong nghién ctiu nay, bd pin ¢ kich thudc 1816 x 1362 x 234 mm dugc bd tri
bén dudi san xe nham tan dung khdng gian khung gam va ha thap trong tim phuong
tién. Tuy nhién, véi chiéu dai co sé gigi han & mic 2700 mm, khong gian lap dat bo pin
chi ton tai trong vung giira hai ciu xe. Do d6, vi tri bé tri pin cAn dong thoi dap wng yéu

cau vé khong gian két cau, khoang cach an toan véi hé thong treo va khung gam, dong
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thoi bao dam phan bé tai trong hop ly giira cau trudc va cau sau. Két qua mé phong cho
thiy Truong hop 3 1a phuong an bé tri tdi wu nhat trong pham vi nghién ciru do vira dap
g yéu cau lap dat thuc té, vira gilp duy tri trang thai 1am viéc 6n dinh caa hé thdng
treo, han ché sy gia ting qua mc cua gia téc dao dong va tan s6 dao dong riéng. Nho
d6, phuong 4n nay goép phan nang cao do ém diu chuyén dong, cai thién do on dinh van
hanh va bao dam chit lwong khai théc cua 6 t6 sau khi chuyén di sang hé truyén dong

dién.
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KET LUAN VA HUONG PHAT TRIEN PE TAI

Két luan

Nghién ctru nay da tién hanh danh gia anh huong cua sy thay doi phan bé tai trong
dén dic tinh dao dong cua xe Honda Civic 1.8L sau khi chuyén d6i tir hé truyén dong
sir dung dong co ddt trong sang dong co dién. Viéc bd sung bo pin kéo c6 khéi luong
khoang 297 kg lam thay d6i dang ké khéi lwong toan bé, vi tri trong tAm va tai trong tac
dung Ién cac cau xe, tir d6 anh huéng truc tiép dén trang thai 1am viéc cua hé thng treo,
dap tng dao dong thang ding, tin sé dao dong riéng va do ém diu chuyén dong cua
phuong tién. M6 hinh dong luc hoc toan xe duoc xay dung va md phong trén phan mém
MotionView thudc bd HyperWorks da cho phép dénh gia anh huong caa vi tri bd tri bo

pin dén dic tinh dao dong cua 6 t6 sau khi chuyén d6i sang dong co dién.

Két qua mo phong cho thay khi bo pin duoc bé tri gan cau trude, tai trong tac dung
lén hé thong treo trude ting 1én dang ké, 1am hé thdng treo 1am viéc trong ving c6 do
vong tinh 16n hon, dong thoi 1am thay ddi dic tinh dan hdi va giam chan cua hé thong
treo. Piéu nay din dén sy gia ting d6 cimg dong twong duong, 1am tan s6 dao dong
riéng tai cau trude tang tir 10,7% dén 18,4% so véi xe nguyén ban, trong khi gia toc dao
dong thang ding tang tir 180% dén 240%. Nguoc lai, tai cAu sau, su dich chuyén tai
trong vé phia sau lam tiang d6 vong tinh cua hé thong treo, kéo theo sy suy giam do ctang
tuong duong va lam tan sé dao dong riéng giam tir 26,5% dén 28,5% so véi xe nguyén
ban. Mic du gia toc dao dong tai cau sau ciing tang 1én sau khi b6 sung bo pin, sy phan
bd tai trong hop 1y hon giita hai cau xe di gdp phan cai thién sy can bang dao dong téng

thé ciia phuong tién va nang cao hiéu qua hap thu dao dong cua hé théng treo.

Trong ba ciu hinh khao sat, Truong hop 3 cho két qua ti wu nhat khi bd pin duoc
bd tri gan ving trung tim than xe hon. Cau hinh nay gilp phan bé tai trong gitra cau
trdC Va cau sau can bang hon, ddng thoi duy tri trang thai 1am viéc on dinh cua hé thong
treo trudc va sau. Két qua mé phong cho thay Truong hop 3 ¢6 gia tdc dao dong thing
dang nho hon va tan s dao dong riéng on dinh hon so véi cac trudng hop con lai, cho
thiy kha nang hap thu va tiéu tan dao dong cua hé thdng treo duogc cai thién rd rét. Bong
thoi, toan bo cac truong hop khao sat van dam bao gisi han cho phép theo QCVN
09:2011/BGTVT véi tan sé dao dong riéng nho hon 2,5 Hz. Két qua nghién ctu khang



53

dinh rang vi tri bd tri b pin c6 anh huong tryuc tiép dén dong hoc kéo, trang thai lam
viéc cua hé thong treo va do ém diu chuyén dong cua 6 td sau khi chuyén dbi sang dong
co dién.

Hwéng phat trién dé tai

Mic du nghién ctru d danh gid dugc anh hudng caa vi tri bd tri bo pin dén phan
bd tai trong, dic tinh hé thdng treo va dao dong cua o td sau khi chuyén doi sang dong
co dién, tuy nhién mé hinh hién tai van con mét sé han ché nhat dinh. Trong nghién ciu
nay, diéu kién kich thich dao dong duoc xay dung theo phwong phap thir tha roi quy
dinh trong QCVN 09:2011/BGTVT nén chua phan anh day du anh huong caa bién dang
mat duong thuc té va van toc chuyén dong dén dap tng dao dong cia phuong tién.
Ngoai ra, md hinh md phong maéi chi tap trung danh gia su thay d6i phan bé tai trong
ma chua xét dén su thay doi thong sé dic tinh hé thong treo nhu d6 cting 10 xo, hé sb

giam chan hoic cac dang hé théng treo ban chu dong va chu dong.

Trong cac nghién ctiu tiép theo, can mé rong md hinh dao dong theo diéu kién kich
thich tir bién dang mat dudng va van toc chuyén dong cua xe dya trén cac diéu kién thir
nghiém quy dinh trong Nghi dinh sé 116/2017/ND-CP cua Chinh phu Viét Nam vé diéu
Kién san xuat, lap rap va thir nghiém 6 t6. Viéc ap dung cac dang bién dang mat duong
tiéu chuan két hop véi cac dai van tdc khac nhau s& cho phép danh gia toan dién hon
dic tinh dao dong, d6 ém diu chuyén dong va d6 on dinh dong luc hoc cua 6 td trong
diéu kién khai thac thyc té. Bdng thoi, can tién hanh thuc nghiém trén xe thuc nham
kiém chang va hiéu chinh md hinh mé phong, tir d6 nang cao d tin cay cua két qua
nghién ciru. Bén canh do, nghién ctru trong twong lai co thé tap trung téi wu ddng thoi
phan bé tai trong va dic tinh hé thdng treo nhim nang cao chét luong van hanh caa 6 to
sau khi chuyén d6i sang dong co dién. Cac thuat toan t6i uu hién dai nhu Genetic
Algorithm (GA) va Particle Swarm Optimization (PSO) c6 thé dugc 4p dung dé téi wu
vi tri b6 tri b pin, d6 cang 10 xo va hé sé giam chan cua hé théng treo nham giam gia
téc dao dong thang dung, duy tri tan sé dao dong riéng trong ving tdi wu va nang cao
d6 ém diu chuyén dong. Ngoai ra, viéc nghién ctru két hop cac hé thong treo ban cha
dong hodc chii dong vai chién lugc diéu khién thong minh ciing 13 hudng phat trién tiém
nang nham cai thién kha nang hip thy dao dong va ning cao d6 6n dinh van hanh cua 6

t6 dién trong diéu kién khai thac thuc té.
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10.1. Ngoai nuéc

.. Céc nghién ciru ngodi nude thp trung vao vige dénh gid dao dng clia phuong tién dya trén
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Nghién ot dibu kign vin hanh: Anh hong cia tée 48, logi dudng, vA thi trong di duge
nghién ctru rhng réi. ; .
(11  T.Nguyen,B. Lechner, Y. D. Wong, and J. Y. Tan, "Bus Ride Index-a refined approach
- to evaluating road surface irregularities,” Road Materials and Pavement Design, vol. 22,
n0. 2, pp. 423443, 2021

21 s.A Kumaresh and M. F. Aladdin, "A study of vibration transmission on seated person
in passenger vehicle," in AIP Conference Proceedings, 2019, vol. 2137, no. 1: AIP
Publishing, A _

10.2. Trong nue

Dao dfng cia 8 t6 trong qué trinh vén hanh 12 mét linh vyc nghién cfu quan trong, tap
u'llngv&oviecdﬁ_nhgiévacéithizzdoemdiunhmdémbéoantoﬂn,théﬁimﬁchongu&iléi
va hanh khAch, ddng thdi gidm thi tho ddng tiéu cyre dén ddng sé va phuong tién. Cc nghién
cfl'lltrongthmniythwbngsﬁdungﬁéuch!giatécbinhphuongmmgbinh(RMS)vAtiéu
chudin ISO/DIS2631 d4 dénh gid.

(31  T.V.Pht,N. M. Thién, and P, X, Mai, "Comfort simulation of sleeper bus," Tap chi
Khoa hoc vi Cong nghé-Pai hoc Da Nin , PP. 25-30, 2016.

[41  H.P.VIET, "Nghién ciru énh hudng cia vén téc va logi dudng t6i o ém dju cia 6 16
khéch trang bj hé théng treo khi nén," Tap chi Khoa hge Cong nghé Hang hai; no. 10,
pp. 347351, 2021 : :

10.3. Danh myc cdc cdng trinh d& cong b6 thudc finh vy cia d tAi cia chi nhiém va

nhitng thanh vién tham gia nghién ctru

11. TINH CAP THIET CUA BE TAI

S6 lugng phuong tién c4 nhan nghy cng ting, doi héi néng cao trdi nghiém thoai méi cho
D@Udi 14 va hinh khich. Dng thi, vige chuyén i t xe sit dyng nhién liéu truyén théng sang
Xe dign 12 cin thiét 8 gidm 6 nhidm moi trudmg, hu6ng t6i myc tiéu phat thi rdng bing 0 vao
nAm 2050,

Khi chuyén ddi t xe truyén théng sang xe dign, cic thay déi vé trong lrgng, phén b6 tai
trong va djo tinh din hdi ciia hé théng treo anh huémg dén tn s6 dao dng riéng, can duge d4nh
8id lai, Tiéu chuin QCVN 09:2011/BGTVT d6ng vai trd quan trong trong viéc kiém dinh xe
trudre khi xuét xudng, yéu cdu thn sé dao d6ng riéng dat tiu chudn truée khi xe duge phéphoat
d0ng. Nghién ciru nay x3y dyng mb hinh md phéng hé théng treo, higu chuln trén mb hinh dong
lue hoc toan xe va dénh gié theo tiéu chudn nay.

12. MycC TIEU DE TAIL

Dénh g,ia anh hu(n:gnc\’la phén b tai trong va diic tinh d9 cimg cia cc phin tir din hoi
trong hg théng treo dén tn b dao d0ng riéng, nhim cung cAp co s¢ khoa hoe cho viée thiét ké

Va higu chinh hé théng treo, d4m bao d9 ém diu va an toan cho phuong "L\/J
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CONG HOA XA HOI CHU NGHIA VIET NAM
Dgclap - Ty do - Hanh phiic

Ngay 24 théng 01 nim 2025
HQP DONG TRIEN KHAI THU'C HIEN
DE TAI KHOA HOC VA CONG NGHE CAP TRUONG
$6: 02/HD-KHCNCS-2024

- Céin cir BY ludt dan sy ngay 24 thang 11 nim 2015;

= Cén cir Luat khoa hoc va cong nghé ngay 18 thng 6 nim 2013, :

- Céin ctr Quyét dinh s6 1749/QD-TTg ngay 08 thang 11 nim 2017 clia Thi tuéng Chinh

* phi v viéc thanh 1ap Trudng Pai hoc Sur pham Ky thuit (PHSPKT) thugc Dai hoc Pa
Niéng;

* Clin cir Thong t s6 03/2023/TT-BTC ngay 10 théng 01 n&m 2023 ciia B§ truéng B6 Tai ;
chinh v& viéc quy dinh 1dp dy toan, quan ly sir dung va quyét to4n kinh phi ngén séch
nha nuée thye hién nhiém vy khoa hoc va cong nghé; il

- Clin cir Quyét dinh 56 216/QD-DHSPKT ngly 09 théng 3 nim 2018 ctia Higu trudng
Trudng Pai hoc S pham K§ thugt v& viéc ban hanh Quy dinh vé quan Iy 42 tai khoa |
hoc va cong nghé chp co s& (cip Trudng) do Trudng Pai hoc Su pham Ky thuft quan .
ly; :

= Cén ct Quyét dinh s8 42/QD-DHSPKT 0gay 21 théng 01 n&m 2025 cia Hiéu trudng |
Trudng Pai ho Su pham Ky thugt vé Vige phé duyét kinh phi va giao nhiém vu thue
hign dé tai khoa hoc va cong nghé (KH&CN) cdp Trudmg; 5 o

Sau khi xem xét myc tiéu, ndi dung nghién cttu va sén phm khoa hoc ctia d& tai
KH&CN (sau day goi tht 13 “d tai"): 2

“Nghién ciru d4nh gi4 dnh huéng cdia ti trong phin bd, d3c tinh hé théng treo
@én d ém dju trén 6 t5.”

Ma sb: T2024-06-02.

Bén A: Trudng Dai hoc Sw pham Ky thujt

Dai di¢n: OngNguyén Lé Hing  Chie vu: Hiéu truéng

Dia chi: 48 Cao Thiing, Quén Hai Chéu, Thinh phé Da Néng

Dién thoai: 0236.3822571 Fax: 0236.3894884

S8 tai khodn; 3716.1.1055693.00000 tai Kho bac Nha muéc Da Ning

2. Bén B: Oug Hb Tén Trung la Chi: nhiém 8 ai

- 86 Ccep: 049200000772 ngdy cip: 20/4/2021 noi cop: Cuc canh sét Quén 1y

Hanh chinh vé Trét ty X hoi, B6 Cong an,

- SO Taikhoan: 5624464598 tai ngn hang BIDV

- M3 58 thué: 8801290288

-Don vj. Khoa Co khi, Trudng Dai hoc S pham Ky thua, Dai hoc Da Néing.
- Dién thoai: 0914849604 Email: httrung@ute.udn.vn

12024-06-02, 13-in Trune



Va cic thanh vién tham gia thyc hign dé tai theo thuyét mink dvgc duyét gom.
2.1, Bén B: Ong Bii Viin Hing 1 Thanh vién,

- 86 CCCD: 215177913 ngdy cép: 09/02/2017 noi cAp: CA Binh Pinh.

- 86 Tai khoan: 5611133953 tai ngén hang BIDV

- Ma 56 thué: 8589392396 v

- Don vj: Khoa Co khi, Trudmg Pai hoc Su pham Ky thujt, Dai hoc D2 Nng.

- Dién thoai: 0868976979 Email:bvhung@ute.udn.vn ;

2.2. Bén B: Ong Nguyén Minh Tién 12 Thinh vién -

- 86 CCCD: 049086001114 nghy cAp: 17/04/2021 noi cép: Cuc Canh sat Quén Iy Hanh
chinh v& trjt ty xa hi.

- 86 Taj khon: 561041442 tai ngén hang BIDV

- M 56 thué: 8071802519 : | ‘

- Pon vi: Phong Quén 1y Khoa hoc va Hop tac Quoc, Trudng Pai hoc Su pham K§ thuét,
Dai hoc Da Ning

- Dién thoai: 0941976776 Email:nmtien@ute.udn.vn

2.3. Bén B: Ong D5 Phii Ngwru 12 Thanh vién

- 88 CCCD: 049084001473 ngay cép: 17/04/2021 noi ep: Cuc Canh st Quén Iy Hanh
chinh v trat tr x& hoi.

- 88 Tai khoan: 5611269788 tai ngén hang BIDV

- M s thué; 8442541313

- Don vj: Khoa Khoa Co khi, Trudmg Dai hoc Su pham K§ thuét, Dai hoc Da Ning.

- Dién thoai: 0935630232 Email:dpnguu@ute.udn.vn

Cing thoa thuda v théng nhét ky két Hop ddng thirc hién dé tai KH&CN cp Truong (sau
day goi tit 1a Hop ddng) vdi cac diéu khodn sau:

Diéu 1. péi twong Hop ddng !

1. Bén A djt hang va Bén B nhin dit hang thyc hién dé tai KH&CN cép tredng (sau dﬁ’y.
£0i 1a @8 tai) theo céc noi dung trong Thuyét minh d& tai 84 duge phé duyét (sau day goi tht
12 Thuyét minh).

2. Thuyét minh 12 b) phan khong tch ri ciia Hop ddng. §

3. Noi dung Thuyét minh c6 thé dwoc didu chinh bing vin ban clia co quan ¢6 thdm quyén
trén co s¢ sy théng nhét cia hai Bén. L

Diéu 2. Thai gian thye hién Hop ddng

1. Thov gian thye hign d8 tai 13 12 théng, tir théng 01 nm 2025 dén théng 12 nim 2025.

2. Thei gian thyc hién hop ddng c6 thé dugc didu chinh theo thdi gian thuc hién dé tai bing
quy€t dinh clia co quan ¢6 thim quyén.

Diéu 3. Kinh phi d tai:

1. Klinh phi thyc hién:

22 A TA T
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Téng chng: 20.000.000 * ddng
Trong ¢5:

= Kinh phi tit ngudn Khoa hoc ¢dng nghé: 20.000.000 déng
* Kinh phi khoén; . 20.000.000 ddng
*+ Kinh phi khong giao khoén: 0 ddng
= Kinh phi tir c4c ngudn khéc: 0 ddng

2. Tam mg va thanh quyét toén kinh phi .

- Tam ing dgt 1: Ngay sau khi ky két hop ddng, bén A s€ tam g cho bén B t6i da 50%
8ié trj hop ddng khi c6 yéu ciu tam ing ciia bén B,

- Tam {mg dot 2; Bén A clp tam tmg t6i da 40% tdng gid tri con lai clia hop ddng khi c6 d2
0ghi ciia bén B va sau khi bén B phai hodn thanh hd so thanh toin t&i thiéu bing 50% mirc .
kinhphfdmmmgcicaqttmacdéuen.w s&détaiduchﬁnhgiéhointhinhtiéndﬁ

dwoc thy hd; trong 14n thanh todn cudj cling,

- Thanh ton dot cui: Sau khi d& duoc nghigm thu chinh hirc, bén B phai hoan thinh
VA 1dp hd so thanh quyét tosn kinh phi tit & céic ngudn ké fir ngay két thic nhiém vy theo -

quyét dinh phé duyét nhiém vy va hgp dong da ky két va trong pham vi nién d6 t3i chinh.

Bén A thanh tofn hét gif trj con lai cia hop dng ti ngudn do bén A quin Iy theo diing quy

dinh hign hanh,

- Ty theo két qua thyc hign hop dng ma bén B chju nhitng xit Iy thi chinh trong quy djnh

tai diu 6 hop ddng nay.

Pidu 4, Quyén va nghia vy ciia e bén

1. Quyén va nghia vy ciia Bén 4

3) Cung cfp céc thong tin cdn thiét cho vige trién khai, thyc hién Hop déng;

b) B4 trf cho Bén B s6 kinh phi ti Trudng DHSPKT, BHDN quy dinh tai Pidu 3 Hop déng

niy theo tién 6 k& hoach, tuong ting véi céc ngi dung nghién cir durgc phé duyét;

©) T chirc phé duyét ké hoach dku thAu, mua sfm méy méc, thiét bi, nguyén vt lieu va

dich vy cia d tai bing kinh phi doBén A cp (néu c6) theo quy djah; :

9) Trude méi dot cfp kinh ph, trén co's6 bho cho tinh hinh thyc hign 48 tai ciia Bén B, Bén

kinh phj thyc hign Hop ddng. Bén A c6 quyén thay dbi tién ¢4 cfp hoic ngimg clp kinh
Phi néu Bén B khong hoan thanh obng vie diing tién d, ding ngi dung cbng viée dugc
giao;

PHSPKT, pHDN thye hi¢n kiém tra dinh ky dénh gi4 finh hinh thyc hign 48 tai theo quy
dinh hign hanh vé quén Iy @& tai khoa hoc va cong ngh¢ cép Truong;



€) Kip thi xem xét, gidi quyét theo thém quyén hofic trinh cfip ¢ thim quydn gidi quyét
kién nghi, 62 xult cda Bén B v& didu chinh ndi dung chuyén mén, kinh phi va céic vén 4
phét sinh khéc trong qué trinh thyc hign d2 tai;
£) T6 chitc dénh gié, nghigm thu két qua thyo hign d& tai ctia Bén B theo céc yéu odu, chi
tiéu trong Thuyét minh; i :
h) €6 trich nhigm cing Bén B tién hanh thanh Iy Hop ddng theo quy dinh hién hanh;
i) Phéi hgp ciing Bén B xit 1y thi sn dwge mua sém bing ngén séch Truong DHSPKT,
DHDN hofic dugo g0 ra tir két qué nghién ctu cia d2 tai sir dung ngfn sdch Trudng
DHSPKT, DHDN (néu c6) theo quy dinh ciia phép lugt; [t
k) Ti€p nhin két qué thyc hién d tii, ban giao két qua thyc hign 43 tai cho tb chirc 43 xudt
diit hing hoic t3 chirc trién khai \mg dyng sau khi dugc nghiém thu;
1) C6 tréch nhi¢m huéng diin vige tra thd lao cho téc gid néu 6 loi nhusn thu drge tir viec
Umg dyng két qui‘clia @& tAi va thong béo cho tac gid viéc ban giao két qua thyc hién dé tai
(néu c6),; :
m) Uy quyn cho Bén B tién hanh déing ky bao ho quydn s hivu tri tué a6i véi két qué thyre
hién @& t3i (néu c6) theo quy dinh hién hanh;
1) Thyc hién c4c quyén va nghia vy khéc theo quy dinh ciia Luft KH&CN va cdc vin ban
lién quan, ; : ;
2. Quyénva nghia vy ctia Bén B
8) T3 chirc trién khai ddy 8 céc ndi dung nghién ciru cita d& tai dip tmg céc yéu chu chét
luong, tién d6 va chi tiéu theo Thuyét minh;
b) Cam Kkét thyc hién va bn giao sin phdm cudi ciing d4p fmg dly di c4c tiéu chi di duoc
phé duyg;
©) Dugc quyén ty chi, ty quyét dinh viéc sir dung phin kinh phi dé thyc hign d i theo dyr
todn kinh phi @8 tai, duge quyén ky két hop ddng thué khoén chuyén mén véi céc thinh
vién tham gia thyc hign; va céc hop ddng khéc gdm: mua it tu, nguyén, nhién, vat liéu,
sta chita, mua sém tai san c dinh, dich vy thué ngoai phyc vy nghién cfru, vin phong
phAm, théng tin lién lac, in &n o6 gié trj duéi 20 triéu ddng;
d) Yéu chuBén A cung clp théng tin cn thiét @& trién khai thyc hign Hop ddng;
@) Kién nghi, & xut didu chinh céc ndi dung chuyén mén, kinh phf va thoi han thye hign
Hop d6ng khi chn thiét; ;
€) Y&u chu Bén A clp dii kinh phi theo dng tién 49 quy dioh trong Hop ddng khi hoan
thanh ddy ¢ ndi dung cng vige theo tién 49 cam két. Dam bao huy dong dit ngudn kinh
Phi khéc theo cam két. Sit dung kinh phi dting myc dich, déng ché d6 hién hanh va 06 higu
qua;
&) DSi véi chic hop ddng khac duge quy dinh tai diém ¢, khodn 2, Pidu 4 hop ddng ndy c6
814 trj 1Y 20 trigu trd 1én: Chi nhigm d tai xéy dyng k& hogeh mua sém dé giri Bén A ph&
duygt v 3 thye hién mua sém theo quy dinh ctia phép lujt;

4
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h) Chép hanh céc quy dinh phap lujt trong qué trinh thyc hién Hop ddng. Tao didu kién
thugn loi va cung cép dly di théng tin cho cc co quan quan Iy trong viée gidm sét, kiém
tra, thanh tra 46 v6i & tdi theo quy dinh ciia phép ludt;

i) Thy hién vige ty d4nh gid, nghiém thu cép co s& theo quy djnh hién hanh khi két thiic
08 t2i. Sa khi dénh gié, nghigm thu clp co s6 hoan chinh Iai hd so theo két ufn cia H6i
ddng dénh gi4 odp co s, Bén B 06 trich nhigm chuyén cho Bén A céc hd so d& Bén A tién
hanh vige dénli gié, nghiém thu theo quy dinh;

k) C6 tréch nhi¢m quin Iy t2i sén drgc mua skm bling ngén sich clia Trudng DHSPKT,
DHDN hofic duge tao ra i két qua nghién ciru cia d2 tai sir dyng ngin sich Trudng
DHSPKT, PHPN (néu c6). Chi nhigm d ti 06 trach nhigm ban giao tii sin duge mua
sdm béing ngn séch Trudng DHSPKT, DHDN hofic duo tao ra tr két qua nghién ciru cia
@& tai cho co quan chit quan d& tai dé quin 1y va sir dyng.

1) C6 tréch nhigm cdng Bén A tién hanh thanh Iy Hop ddng theo quy dinh;

m) Thye hi¢n viéc diing ky bio ho quyln s& hitu tr tué theo ty quyén cia Bén A d6i véi
két qua nghién ciru (néu c6);

- 1) Chi nhigm d2 tai giao ndp két qua thyc hién a8 tai cho by phin hru giit thong tin cla co
quan chii qun 48 tai. Co quan chii quén & t3i xéc nhn viée giao nop két qua thyc hién dé
tai cho chi nhiém 42 t3i. /

0) Céic san phém khoa hoc cong bd duge tinh khi c6 104 ghi nhén Trudng PHSPKT, DHDN,
oy thé nhy sau:

+ D§i véi bai béo khoa hoc viét bing tiéng Anh: “This research is funded by The
University of Danang — University of Technology and Education under project number
T2024-06-02”;

-+ D4i v6i bai béo khoa hoc viét biing tiéng Viét: “Nghién ciru ndy dugc tai trg
b&i Trudng Pai hoc Su pham K§ thuit, Dai hoc Da Niing trong dé tai o6 mé s§ T2024-
06-027; , :

D4i v6i sin phém khoa hoc c6 13 ghi nhén Trudng DPHSPKT, DHDN v céc ngudn
kinh phi trong mréc khéc, Trudng PHSPKT, DHDN s& tinh mirc 49 hodn thanh cia sin
Phém d6 ni Sau: Phin oong trinh drqe tinh cho sin phm d thi ndy duge chia theo (5 18
d6ng g6p cita mdi ngudn kinh phi thyc hign. Trong trudmg hop khéng xéc dinh dugo cu thé
& 1§ d6ng gép cita mBi ngudn kinh phi thi phén cong trinh dirge tinh cho sin phém dé tai
13y s& bing mot (01) chia cho s ngudn kinh phi trong nide. Téng sé phén céc cong trinh
dugre tinh phai dép tmg yéu chu vé 6 lrong theo thuyét minh d tai da phé duyé.

Thi gian thye hién san phém cia & tai phai g trién khai trong khoang thdi gian
thyre hign a2 tai.

P) Chix nhigm d& i ciing v6i cdic ¢4 nhan trrc tiép sng tao ra két qua nghién ctru khoa hoo
Va phat trién cong nghé duge dimg tén thc gia trong A2 tai va hwéng quyén tac gid bao gdm



¢4 cdc 1¢i ich thu dugc (néu c6) tir vigc khai théc thwong mai céc két qua thyc hién a8 taj
theo quy dinh phép lugt va céc thoa thusn khac (néu c6); i3

9) €6 trach nhi¢m tryc tiép hofc tham gia trién khai img dung két qué nghién ciru khoa hoo
va phit trién céng ngh¢ theo yéu ciu cia Bén A hoiic tb chirc, cé nhin dwoc Bén A giao
quyén s hiru, sir dyng két qua thyc hign d& tai; : : :

1) Thyo hign bao mjt céc két qua thyc hién 42 tai theo quy dinh v& bdo v& bi mét cia nha
nudc; g

) Thyc hién cée quyén va nghfa vy khc theo quy dinh Lugt KH&CN vA c4c vin bin lién
quan,

Didu 5. Chém dirt Hop adng

Hop ddng niy chém dirt trong c4t trrdmg hop sau:

1. B thi da két thic va drge nghiém thu,

2. Bén B bj chém dit hop ddng thyrc hién @ tai khi o6 d& nghj thanh 1y Hop ddng cia Hoi
ddng thanh Iy @2 thi ofp Trudmg. .

Dilu 6. Xir If tai chinh khi chdm dikt Hop ddng

1. D6i véi dd tai 44 két thic va duge nghiém thu:

a) Dé tai 44 két thic va danh gid nghiém thu tir mirc “Dat” try 1én thi Bén A thanh todn day
i kinh phf cho Bén B theo quy dinh tai Hop ddng nay. ‘ -

b) DE tai ds két thiic, nhimg nghiém thu mirc “khong dat” thi Bén A xem xét, quyét todn
kinh phi cho Bén B trén co s& két lugn cda Hoi ddng dénh gid v& nguyén nhan, tréch nhiém
v2 nhitng nfi dung cdng vigo ma Béa B 04 thy hién o6 sin phém thyo té durge dénh gid,
Bén B c6 tréch nhiém hoan tré toan bé s6 kinh phi ngan séch nha nuéc d cép nhung chura
sir dyng. Péi v6i khoan kinh ph d sit dyng durgc ép dyng xir 1y d6i v6i trudmg hop d& tai
khéng hoan thanh duge quy dinh tai Didu 16 Théng tw lién tich s6 27/2015/TTLT-BKHCN-
BTC ngiy 30/12/2015 cia B¢ Khoa hoc va Céng nghé - Bo Tai chinh quy dinh kho4n chi
thyc hi¢n nhiém vy khoa hoc va cbng ngh¢ sir dung ngén sédch Nha nuée,

2. Dé6i v6i d8 tai chhm dit khi o6 cin iy khing dinh khong con nhu cdu thye hign:

8) Trudng hop D& tai chém dist khi 6 can cir khing dinh khéng con nhu cdu thyc hign thi
hai bén cing nhau xéic dinh khéi hrong cng viéc Bén B di thyc hién @& [am cin ¢t thanh
todn s¢ kinh phi Bén B d4 sit dung nhim thy¢ hién d t4i va thu hdi s6 kinh phi cdn lai da
céip cho Bén B. :

b) Trudng hop hai bén tho thugn ky Hop dng méi dé thay thé va két qua nghién ctru ciia
Hop dbng cii 1a mdt b phan céu thanh két qua nghién cfru cia Hop d3ng méi thi s6 kinh
Phi d& cép cho Hop ddng cii dugc tinh vao kinh phi chp cho Hop ddng méi va duge tiép tuc
thue hign véi Hop ddng méi. : '



- 3.D6i véi DA tai bj dinh chi theo quyét dinh cia co quan c6 thém quyén hofic Hop ddng bj
chém ditt do Bén B khong nop hd so dé dénh gid, nghiém thu D& tai theo quy dinh phip
lujt thi Bén A s&tién hanh tha tuc thanh 1y @& tai theo quy dinh.

4. D6i véi DR tai khong hodn thinh do 13i ciia Bén A din dén viéc chdm ditt Hop ddng thi
Bén B khong phii bdi hoan s6 kinh phi d sir dyng 88 thyrc hién D2 tai, nhung vAn phai thyc
hién vige quyét toén kinh phi theo quy dinh ciia phiép lujt.

Ditu 7. Gia hen 82 tai : '

Trong trudmg hgp Chii nhigm chua hoan thanh cAc ndi dung nghién ciru va c6 &8 xuit xin
gia han thdi gian thye hign, Hop ddng i dong gia han thém téi da 6 thing theo quy dinh
(dén théng 6/2026) trén 0 53 béo céo dinh ky tinh hinh thyrc hién 4 tai va két lugn cda don
vi chil tri, : '

Ditu 8. Xir Iy tai sin khi chém dirt Hgp déng .

1. Khi chdm dist Hop ddng, viée xtt Iy tai san dwge mua skm hogic dugc hinh thanh béng

. ngén sich Trudmg PHSPKT, DHDN cfip cho d tai durgc thyc hign theo quy dinh phép ludt,
2. Céic san phém vit chét ciia DA tai sir dyng ngén sich Trudng DHSPKT, DHDN: ngudn

. thu khi c4c san phim ndy dugc tiéu thy trén thi trudmg sau khi triy cac khodn chi phi cin
thiét, hop 1§, duge phan chia theo quy dinh phép lujt.

 Pitu 9. Pidn khodn chung ) :

+ 1. Trong qué trinh thyc hién Hop ddng, néu mét trong hai bén c6 yéu chu sira d8i, bd sung

i dung hoje c6 ckin cir dé chém dirt thyc hign Hop ddng thi phai théng béo cho bén kia it
nhit 13 15 ngdy lam vige trudc khi tién hanh sia déi, b sung hofic chdm dit thye hign Hop
d&ng, X4c dinh tréich nhiém ciia m5i bén va hinh thirc xir 1y. Céc sira dbi, bd sung (néu c6)

 phéi 13p thanh vin ban c6 dly i chit k¥ ciia c4c bén va duo coi 1 bé phén cia Hop ddng -
VA 18 céin cir € nghiém thu két qua cuia ¢ . ot :

2. Khi mt trong hai bén gip phai truimg hop bét kha khéng déin dén viéc khong thé hojic
chdm thyc hién nghia vy d4 théa thufn trong Hop ddng thi c6 trach nhi¢m théng bio cho
Bén kia trong 10 ngdy lim viéc k& tix ngdy xdy ra sy kién bét kha khang. Hai bén c6 trach
nhiém phéi hgp x4c dinh nguyén nhén va béo céo co quan quin 1Y nha nuéo c6 thim quyén
d8 gidi quyét theo quy dinh ciia phép luét. :
3. Hai bén cam két thyc hién diing céc quy dinh ciia Hop ddng va 6 trich nhiém hop téc
gidi quyét cic vuéng méc phat sinh trong qué trinh thyo hign. Bén vi pham céic cam két
+trong Hop ddng phai chiu trach nhi¢m theo quy dinh phép lujt.
4. Moi tranh chép pht sinh trong qu4 trinh thyc hién Hop ddng do céic bén thuong lvong
hoa giai dé giai quyét. Trudng hop khong hod gidi dwoe thi mdt trong hai bén 6 quyén dua
tranh chip ra d8 gidi quyét theo quy dinh ctia phép luit.
5. Hop dong ty dong thanh 1y khi hai bén hoan thanh nghia vy theo hop dong d duge ky
ket. Trong tredng hop thanh 1y dé tai (néu c6), bén B hoan tra s6 tién da dwge Hoi dong
thanh 1y d€ tai két luan trong ndi dung clia Bién ban hop héi dong thanh ly d& t3i, Bén B
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thyc hign viéc hoén tra biing hinh thitic chuyén khoan vao tai khoan sau ddy cha Trudmg Pai
hoc Su pham K§ thuft trong thai han 30 ngdy ké tir ngdy hop héi dng thanh 1y d tai, chi
- tiét thdng tin nhu sau: ;

- Tén tai khoan: Trudmg Pai hoc Su pham K§ thut.

A $6 tai khoan: 56110001076650 tai Ngin hang BIDV chi nhinh Da Niing.
Diéu 10, Higu lyc ciia Hop adng ‘ ] :
Hop déng ndy c6 hiéu lyc tir ngay ky. Hop ddng nay dirgc 14p thanh 06 bin (01 bén gbc va
05 bén chinh) va c6 g_ié‘tri nhu nhau, Bén A giit 02 ban, Bén B giit 04 ban c6 gid trj phap
1y nhu nhau, . ' .

RENA BENB .
XHU ( cnﬁNmMaETAI
Nguyén L2 Hing Hd Tén Trung

T2024- 08202 113 Ton Trung
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Kmhgul Khoa Co khi -
Trudng Bai hoe Su pham K§ thust, Dai hoc P4 Ning

1. Tén ad ta: : ,
NGHIEN CUU DANH GIA ANH HUONG CUA TAI TRONG PHAN B6, AC ThVE
’HE‘THONG_TREQBENBQEMDNTRENQTO : T
vy Chﬁ nhigm &2 t4i (Ho va fén, W)
H3 Tén Trung, CN. |
3. Don vj phéi hep thi;c hign va si dyng san phAm @8 tai sau khi hoan thanh:
Tén don vi: Khoa Co Khi, b mén CoKhf O To
D‘;‘a chi: 48 Cao Théng, P. Thigh Binh, Qufn Héi Chéu, TP. P2 Ning
Dién thogi: (0236) 3822571
a. Noi dung ééﬁg viéc phéi hop tham gia trong d? tai:

- Saukhi hoin thanh d¢ i nghién ciu, Khoa Co khi, B) mén O 16 s¢ sit dyng céc
$an phdm nghién ciru ndy vao cdc hoe phén lién quan trong chuong trinh gidng day ciia bo
mén, : : .

b. Cam két st dung san phm @& tai sau khi hoan thanh:

Khi dé tai dwoc duyét thye hién, chiing t5i cam két s& phéi hop v6i chit nhiém d&
141 d& thyo hign & tai va sé tiép nhn, sit dung san phém cia d& t3i sau khi hoan thanh,



L
L %,nga‘,@tk&ngf}?‘ nim-2 92z

: DON V] PHOI HQP THUC HIEN
qHy NHIEM BE TAI VA SITVlgUNG SAN PHAM D%]%KI

Dyr
Wi
s TH(ITRUGNGDON‘VI
 (vighirahovatén)
il i b



BANG DANH MUC MINH CHUNG SAN PHAM CUA DE TAI

Ho va tén chii nhi¢m d@ tai: HO Tén Trung
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STT - 4 Tén minh chirng
| SAN PHAM KHOA HOC i S
J Bai bdo ding trén ky yéu trong nuéc
f Nguyen Minh Tien, Ho Tan Trung, Nguyen The Kiet, Nguyen
Anh Triet, Nguyen Duc Binh, and N. T. Cong, "A numerical
X study on the effects of NHs/H. fuel blends in a spark-ignition
engine," in 2025 10th International Scientific Conference on
Applying New Technology in Green Buildings (ATiGB), 2025,
pp. 61-66.
1. Trang bia ky yéu
Muc luc

N XX

Toan van bai bao

Minh chimg chimg minh ky yéu thugc danh muyc tinh diém
khoa hoc ciia Hoi ddng gido sur nha nuée ( Muyc 4: Béo cdo khoa
& 4. hoc déng toan vin trong ky yéu tai hdi nghj khoa hoc qudc gia
xuét ban bing tiéng Viét, c6 ma s6 ISBN, c6 phan bién).
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Ho. Tan. Trung, Trinh Phan Minh Vu, "Optimizing Battery
Based on the Evaluation of the Natural Frequency of Electric
Vehicle Bodies," Journal of Science and Development
Economics, 2025.
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LOI GIGI THIEU

Trong bdi canh toan cau dang huéng dén muc tiéu phat trién bén vimg, tmg phé véi bién
ddi khi hau va thiic day chuyén doi xanh, viéc nghién ciru, img dung cac cong nghé méi trgy
thanh xu thé tat yéu. Hi thao Qudc t& “Ung dung Céong ngh¢ méi trong Cong trinh Xanh -
ATiGB 2025” duge t6 chire voi sit ménh tao dung mét dién dan hoc thuat uy tin, noi cic nha
khoa hoc, chuyén gia, nha quan ly va doanh nghiép trong va ngoai nuéc cting nhau trao déi,
chia s¢ két qua nghién ctru, cac sang kién ciing nhur giai phap thyc tién nhim phat trién cong
trinh xanh, than thi¢n véi moi trudng va nang cao chit luong séng cho cong dfmg.

Trai qua 10 ky t6 chirc lién tiép ké tir nam 2015, Hoi thao ATiGB da tro thinh mét hoat
dong khoa hoc quéc té thuong nién, gop phan khang dinh vai tro tién phong cua Truong Dai
hoc Sur pham Ky thuat, Pai hoc Pa Nng trong viée két ndi tri thire, thic day doi méi sang tao
va hoi nhap qudc té. Nam 2025, hoi thao da thu hiit gan 300 bai béo khoa hoc tir cac nha nghién
cliu, giang vién, chuyén gia trong va ngoai nude. Dic biét, cé s tham gia cia cac dai bidu quéc
té dén tir hon 11 qudc gia va ving lanh thd, bao gdm Nhat Ban, Han Quéc, Pai Loan (Trung
Qudc), An P9, Y, Phap... Su da dang vé hoc gia va pham vi nghién ciru da gop phan khing
dinh uy tin va sirc lan toa ngay cang manh mé cua Hoi thao ATiGB.

Mot diém nhin quan trong ciia ATiGB 2025 13 toan bd céc bai béo duge phan bién nghiém
ngit theo chudn myc quéc té va duge xuat ban trong Ky yéu thude IEEE Xplore (ISBN 979-8-
3315-9548-7) va Ky yéu trong nuée (ISBN 978-604-45-0962-4). Day 1a minh chimg cho nd
Iyc khéng ngimg clia Ban T chirc trong viéc ning tim hoc thudt cuia hdi thao, ddng thoi tao
diéu kién d& cac cong trinh nghién ciru cua tac gia dwoc lan toa rong rai trong cong dong khoa
hoc quéc té. Ching tdi tin tudng ring nhimg tri thirc khoa hoc, giai phap cong nghé va goc nhin
da chiéu dugec trinh bay trong ky yéu ndy s& 1a ngudn tham khéo quy gia cho cong dong nghién
ciru, giang day, quan 1y va thyc tién.

Ban tb chitc xin trdn trong cam on su tham gia nhiét tinh cua quy dai biéu, cac nha khoa
hoc, chuyén gia va doanh nghiép, ciing nhu sy dong hanh, hé trg cia cic co quan, td chire da
g6p phén 1am nén thanh cong ctia Hoi thao. Ban té chirc mong mudn nhén duge sy chia sé va
dong gop ¥ kién ciia céc qui vi vé céc van dé nghién ciru cling nhur tiép tuc nhan & sw cong tac
nghién ciru trong twong lai.

Tran trong cam on!

TM. BAN TO CHUC

Nguyén Lé Hung
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NGHIEN CUU ANH HUONG CUA
HON HQP NHIEN CUA NHs/H, TRONG
PONG CO PANH LUA CUONG BUC
BANG PHUONG PHAP MO PHONG SO

A NUMERICAL STUDY ON THE EFFECTS OF NHa/H,
FUEL BLENDS IN A SPARK-IGNITION ENGINE

Nguyén Minh Tién', H3 TAn Trung?*, Nguyén Thé Ki¢t?, Nguyen Anh Triét?, Nguyén Dirc Binh?,
Nguyén Thanh Céng?

!Phong Quan ly Khoa hoc va Hop tie Quéc té - Tri wong Pai hoc Sie pham Ky thudt, Pai hoc Pa N(?ng
2Trweong Dai hoc St pham Ky thudt, Pai hoc Pa }\nng
Trirong Cao ding Nghé Thanh phé H6 Chi Minh

*Tac gia lién h¢ (Corresponding author):

Tém tit - Tai Hoz nghi COP26, Viét Nam cam két dat phat
thai carbon mng bang 0 vao nam 2050, phi hop véi xu huing
toan cdu trong tmg phé bién doi klu hau. Dc lh(rc hién muc
tiéu ndy, nganh giao théng vin tdi can chuyén doi cong nghé
nhién ligu, trong do nhién ligu thay thé khéng phdt thai
carbon cho déng co dot trong dwepe xem la giai phap kha thi.
Amoniac (NH3) la mot la cltpn tiém ndng do khong chita
carbon, dé heu trir va vin chuyén. Tuy nhién, NHy e kha
ndng te chay kém, gay khé khan khi sir dung triec tlep Pé
khdc phue, NH; thuong dugc pha tron voi nhién ligu hé try.
Hydrogen (Hy), véi kha ning bt lica cao, la phu gia phit hop
gitip cdi thign qua trinh chay. Hén hop NH3/H; véi ty 1 Ha
hop Iy ¢6 thé tao ra qud trinh dot chay sach ma khong cdn
thay ddi lon trong thiét ké dong co. Nghién ctru ndy danh gid
hi¢u sudt hon hop nhién ligu NH3/H, trén dpng co Honda
GX160 bing mé phong s6. 15 I¢ nang heong H tic 10% dén
50% diege khio sat tai ty I¢ hoa trgn @ = 1,0 va téc do dong
co 4000 vong/phiit. Cac thong s6 nhie dp sudt dinh, nhiér d@p
chdy, dp sudt chi thi, cong suat chi thi va phat thai NOx diege
phdn tich va so sanh véi nhién li¢u xang.

Tir khda - Pha tron amoniac-hydro, Ty I¢ nang heong,
Ndng heong ngon lica, Nhién liéu khong carbon.

1. Gi6i thi¢u

Khi bién dbi khi hau toan cdu ngay cang tr6 nén
nghiém trong do sy gia ting khong ngimg ctia nong do
CO, trong khi quyén, viée cit giam phat thai carbon da
tr&s thanh mot trong nhig muc tiéu cAp thiét ctia thé ky
21[1]. Trong bdi canh do, céc chién luge phi carbon héa
trong san xuat va tiéu thu nang lugng, déc biét 14 nhitng

HG6 Tan Trung (email:httrung@ute.udn.vn)

Abstract - At the COP26 Summit, Vietam committed to
achieving net-zero carbon emissions by 2050, aligning with
the global trend in responding to climate change. To realize
this goal, the transportation sector must transition in firel
technology, with carbon-free alternative fuels for internal
combustion engines considered a feasible solution. Ammonia
(NH3) is a promising candidate due to its carbon-free nature
and ease of storage and transportation. However, NH; has
poor auto-ignition properties, making it difficull to use
directly in engines. To address this limitation, NH is ofien
blended with a secondary fuel. Hydrogen (Hy), with its high
S bility, is a suitable additive that enhances the
combustion process. An NH 3/H, mixture with an appropriate
H; ratio can enable clean combustion without major
modifications to existing engine designs. This study evaluates
the performance of an NHy/H, blended fuel in a Honda
GX160 engine through mumerical simulation. H, energy
ratios ranging from 10% to 50% are examined at an
equivalence ratio of @ = 1.0 and engine speed of 4000 rpm.
Key parameters such as peak pressure, combustion
temperature, indicated mean effective pressure (IMEP),
indicated power, and NOx emissions are analyzed and
compared with those of conventional gasoline.

Keywords - Ammonia-hydrogen blending. Energy ratio,
Flame Energy, zero-carbon fucl.

chién Iuge wu tién tinh bén vimg va kha nang tuong
thich véi moi treong, dang nhén duge sur quan tim ngay
cang Ién. Trong s0 cac giai phap thay thé trung hoa
carbon, hydro ndi bat nhu mét {ig vién ddy hira hen
nho tinh linh hoat va kha nang ung dung rong rai trong
ca linh vy giao thong van tai lan phal dién. Tuy nhién,
viée img dung hydro van con gap nhiéu thach thirc, bao
gom ha tang Iwu trir va van chuycn phire tap, rii ro an

ISBN: 978-604-45-0962-4
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todn cao, cling vai higu sudt dot chay tuong di thap khi
sir dung trong déng co dot trong [2].

Nhu mét giai phép thay thé, amoniac (NHs) dang
duge nghién ciru rong rai nhw mét loai nhién ligu khéng
chira carbon. Véi ham lugng hydro cao (17,6% theo
khdi lrgng), mat d¢ nang lugng theo thé tich vuqrt troi
(15,6 MJ/L - cao hon hydro long), kha ning dé dang
hoa long va twong thich véi hé théng phan phdi nhién
li¢u hi¢n c6, amoniac mang lai nhiéu lgi thé thue tién
trong img dung nang lugng [3]. Tuy nhién, dic tinh
chay khong thuan lgi clia amoniac - nhur chi s6 octan rét
cao (RON >130), nhi¢t d¢ ty bdc chay cao (~924 K),
toc do chay theo 16p chim (~7 cm/s), dai chay hep (15—
28% theo thé tich trong khong khi) va niing lrgng danh
Iira t6i thiéu 16n (~680 mJ) [4] gy ra nhimng théch thirc
1ém trong vige sir dyng higu qua trong déng co dét trong.

Bé khéic phyc nhimg han ché nay, nhiéu nghién ciru
da dé xuét phuong 4n pha tron hydro véi amoniac nhim
khai thac cac déc tinh chéy b sung cua hai loal nhién
ligu, Chién luqc ndy cho thdy tiém nang dang ké trong
viée cai thlen tbe do chay, ma rong dai chéy va tang
higu qua dét chay, dong thoi vin duy tri uu diém khéng
phat thai CO,. Trong mét nghién ciru tiéu biéu,
Duanzheng Zhao va cong sy (5] chi ra ring vigc ting ty
1¢ nang luong tir hydro %Ey, trong hdn hep NH;/HZ
Ién cac mirc 12%, 23% va 46% gilp gia tang téc do
chéy va rit ngén thoi gian tr€ dénh lra nho sy hinh
thanh manh me cac goc tr do nhu OH va HO,, Tuy
nhién, higu suat nhiét hir ich (BTE) khong téng tuyén
tinh theo %Ey,, ma dat cuc dai tai 12%Ey, roi giam
din & che mirc cao hon. Ngoai ra, nghlen ciru cling cho
théy méi mirc %Ey, doi hoi mot thoi diém dénh lira téi
i khéc nhau, v&i xu huéng ham Iugng hydro cao hon
yéu chu danh hra smn hon. Mdi quan hé giita thdi diém
danh lira va hi¢u sudt dugc xéac dinh 1a phi tuyén tinh,
co dang parabol nguge, voi dinh tuong mg véi higu
suéit nhigt t6i wu. Xu huéng turong ty ciing dwge ghi
nhén trong cdc nghién ciru cuia Jinguang Li va cong sy
[6] v&i hdn hop nhién ligu chira 7.5%Ey,.

Mic dii da c6 nhiéu nghién ciru tdp trung vao mbi
lién h¢ gitta %Ey, hi¢u suat nhiét va dic tinh chéy,
nhung anh hwong ca thei diém dénh lira den phat thai
NO. mjt yeu 16 méi trudng quan trong van chua dugc
khao sat day du. Bén canh do, mdt thong sé ky thudt
quan trong khéc la nang lugng ngon lira (flame energy)
yéu té phan anh kha nang truyén nang lugng cua nhién
li¢u van chura duge nghién ciru mét cach toan dién.

Do do, nghlen ciru nay duge thye hién nhim danh
gia tac dong két hop giira tang cudng hydro va diéu
chinh théi diém danh lira dén hiéu sudt va phat thai
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dong co st dung nhién li¢u nén 1a amoniac, trong diéu
kién gir ¢6 dinh ning lugng ngon lira. Céc két qua thu
duge ky vong s& dong gop nhimg hiéu biét khoa hoc c6
gia trj cho viéc phat trién va téi wu hoa dong co dbt
trong khong phat thai carbon, hé trg myc tiéu dat phat
thai rong bng 0 vao nim 2050 cua Viét Nam nhwr da
cam két tai Hoi nghi COP26 [7].

2. Co sé li thuyét
2.1, M6 hinh djng co

Nhur minh hoa trong Hinh 1, mot mé hinh 3D cua
dong co danh lira bing tia Iira sir dung hdn hop nhién
liéu hydro—amomac duqc tron sin trong duong nap da
duoc thiét 13p bang phan mém ANSYS Forte. Dong co
mo phong 14 loai mot xi lanh, véi cac thong s6 ky thuat
chi tiét trinh bay trong Bang 1. Bugi dugc b6 tri tai
trung tim ndp may nhim dam bao qué trinh danh lira
dién ra d6i ximg va hi¢u ‘qua. M6 hinh 3D dugc xay
dtmg dyra trén céc thong so trong Bang 1, trong khi cac
didu ki¢n bién dwge xac dinh dya trén co sir ly lhuycl
trinh bay trong tai li¢u [8].

Mién tinh toan dugc chia thanh ba viing chinh: viing
nap, xi lanh va ving xa. Trong ving nap. qua trinh khoi
tao bao gdm viéc xdc dmh thanh phan hdn hop nhién
ligu khong khi va cac diéu kién bién tai diu vao. Tai
vung xa, thanh phan khi thai va cac diéu kién bién tai
dhu ra dugo thiét 13p twong {mg. Qué trinh md phong
bit dau tir thoi diém van nap me, twong {mg véi goc
quay tryc khuyu 0° (CAD), khi hén hop nhién ligu dirge
dua vio qua dwong nap. Trong ky nén, hdn hop duge
nén va danh lira tai 25° trude diém chét trén (BTDC).
Qua trinh md phong két thiic tai 720° CAD, hoan thanh
mat chu trinh dong co day du.

Mién tinh toan duge réi rac hoa bang ludi khong
céu triic, c6 kha nang thich img dong véi cac thay déi
hinh hoc ctia dong co trong subt qua trinh mo phong.
Chién Twge tao luéi ndy dya trén ky thuit AMR
(Adaptive Mesh Refinement - Tinh chinh Iudi thich
mg). Trong nghién ciru vé hoi ty lwdi do Abmet Serhat
Bahar va cong sur thure hi¢n [9], cac kich thude lugi tr
4,0 mm dén 1,6 mm da dugc danh gia. K&t qua mo
phéng dugce so sanh voi dit liéu thuc nghi¢m trong céc
didu kién tai trung binh va toan tai, cho thy sai 1&ch téi
da cua IMEP gnua mod phong va thye nghiém 1a 3,35%.
Nghién ciru két lun ring kich thuée luéi cuc bé 2 mm
I Iya chon téi wu gitra do chinh xéc tinh toan va chi phi
m6 phong. Dya trén két luan d6, kich thuéc luéi toan

cuc 2 mm dwge ap dung trong nghlcn ciru ndy. Cac
vung hinh hoc quan lrong, bao gom bugi, van nap, van
xa va khu vye ghn diém chét trén (TDC), dwoe tinh
chinh thém béng cach chia nho theo ty 1¢ cia kich thuge
I toan cuc trong céc pha quan trong clia mo phong,
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Cach tiép can nay giap nang cao do chinh xéc & nhimg
khu vye ¢6 anh huong 16n dén qué trinh chay va hi¢u
sudt dong co.

Bing 1. Thong s6 dong co Honda GX160 [10]

Tai thoi diém goc quay tryc Khuyu thich hep, qua
trinh danh lira dwge mé phong bang mé hinh DPIKFM
- mdt phwong phap da duge chimg minh hi¢u qua trong
cac nghién ctru trurde do [12, 13]. M6 hinh nay dwoc lyra

chon vi kha nang mo ta qua lnnh chuyén tiép tir “hi¢n
tugng dénh lira sang sy lan truyén ngon Itra thyc té mét

Théng sb Gia trj
Ti sé nén 8,5
Pudng kinh xylanh (mm) 68
Hanh trinh piston (mm) 45
Tée 4 dong co (rpm) 4000
Dung tich xylanh (CC) 168
Géc danh lira 25° (BTDC)

cach chinh xac. Ban kinh nhan _ngon ra rkernet drgre
phat men nhur mdt ham cia téc d chay trong moi
trudmg 16i Sr, téc do plasma Spiasma, mét dé khi chira
chéy puva mét do khi trong ving nhéan ngon lira néng
Prernel, dwgc mo ta bing phuong trinh:

d’i(erm‘l = pn +ST) )
dt D

( plasma

Coxd

Xilanh 3
Mt 84 IEK

Vit Bugi dsult Lia
Nizg ey 30tiec

Pstory
Nkt o9 420K

Hinh 1. Thiét lp diéu kién bién trén déng co
2.2. Mb hinh todn hoc

Nghién ciru nay sir dung phin mém ANSYS Forte
dé thuc hlen mo phong dong lwe hoc chit ru (CFD) ba
chiéu dbi voi dong co dénh lira bang tia lira (SI), nhim

phan tich dong hoc dong khi trong xi lanh va qua trinh
chay. C4c thong s ky thuat chinh va cdu hinh ciia dong
co duge trinh bay 14n huot trong Bang 1 va Hinh 1. Qua
trinh md phong dya trén vige giai h§ phuong trinh bao
toan khdi lugng, dong lugng va nang luong.

Dé mé phong chinh x4c hanh vi chay, m6 hinh tinh
toan tich hop céc mé hinh con cho qua trinh danh lira
bang tia lira, lan truyén ngon lira va nhiéu loan, cho
phép dy doan chi tiét cac h1¢n tuong nhi¢t dong hoc bén
trong xi lanh. Mot co ché phan img dong hoa hoc chi
tiét do Mei va cong sy phat trién, bao gdm 38 chu tir va
265 phan {mg [11], duge sit dung dé md phong hanh vi
danh lira,

_Qua trinh danh lira bing tia lira dwrge md hinh hoa
bang M6 hinh Ngon hra nhdn ddnh lra hat roi
(DPIKFM - Discrete Particle Ignition Kernel Flame
Model), trong khi mé hinh phuong trinh G (G-
equation) dugc sir dung dé mé phong sw lan truyén cua
ngon lira trong diéu kién dong chay rdi. Dong chay réi
durge giai bing phuong phap RANS, v6i mé hinh nhiéu
loan RNG k-¢, nhim dat dugc sy can bang hop 1y giira
d¢ chinh xdc va hi¢u qua tinh toén.

Khi nhan danh lira dat dén kich thuéc toi han, qua
trinh chay sau d6 s¢ dugc kiém soat bai mo hinh lan
truyén ngon lira_theo phuong trinh G (G-equation).
Tiéu chi dé chuyen tr m6 hinh ngon hra nhan danh lira
hat roi (DPIKFM) sang mé hinh phuong trinh G dang
mat mirc (level set) duge xac dinh dya trén mot hang sO
mo hinh nhén ngon hra, Cim, thang chiéu dai réi /, nang
luong dong hoc 16i &, va toc do tiéu tin nang hrong
dong hoc 16i ¢ [12, 13]:

feit
ternar 2 G,y =C,,.0.16 2)

m

Céc phuong trinh level-set cho gia trj trung binh
Favre va phuong sai ctia ham G dugce biéu dién nhw sau:

"
- aG - " L n2
p7,-+pu-VG =V|[[pD,V“G ) o

+2pD;(VG) — (6

EE

Trong do. & la van toc cua dong chét leu, Dr 1a hé
s6 khuéch tan rdi, k 1a do cong trung binh Favre cia
mat ngon lira. Ky hi¢u Vs biéu thj gradient theo phuong

tiép tuyén. k va & lin luot Ia nang lugng ddng hoc rdi
trung binh Favre va tc do tiéu tan clia né; cs 1 mot
hing s6 m6 hinh.

Qua |rinh van chuyen cua ham G bj anh huong
manh bai téc do chay rdi S, dai lwong nay thé hi¢n anh
huung két hop cua dong héa hoe va céc hlcn tuong van
chuyén trong ngon lira. Tée do chay rdi nay lai duge
xac dinh b téc dd chay theo  16p (laminar ﬂame speed)
St.va céc dac tinh cia dong 16i. Hién co mot $6 quan hé
twong quan duoc sir dung dé tinh toan téc d chiy rdi,
Trong nghién ciru ndy, mét quan h¢ twong quan giira
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te d¢ chay i va tée Ao chay theo 16p da duge lya chon
do da chimg minh dugc kha ndng 4p dung hop 1y trong
cac nghién ciru trude day [13-15].

2 A2
S—~l+l,, el + adi +ahl —L L (6]
S 2b 1, 2h, { A
Trong dé, Ip dugc dinh nghia 1 mot bién tién trién
(progress variable) ding dé phan dnh cac nhiéu loan

gdy ra boi cac xoéy (eddy) xung quanh mit ngon lira
[15], va duge biéu dién boi cong thire:

1/2
I; =[l—cxp(-c”IZ I_rt“ H (6)

Trong méi quan h¢ twong quan téc dé chay, céc
hang s0 mo hinh a4, by, va bz duge thlet lap dua lren
mo hinh h6a dong 1di. Cp thé, as laty so khuéch tan rdi,
b; laty 56 t6c do chay rdi, va bs 1a 1y 56 khuéch tan van
téc 16i. S 1a tdc do chéy theo lép (lammar) khong bj
kéo gian, l: va Ir lan lugt 13 thang chidu dai tich phén
clia d(‘mg ri va d day ngon Iira theo 16p, cm2 14 hé s6
phat trién ngon lira, lién quan dén m6 hinh danh lua
bang tia ra dién va v’ 1a van téc dao dong ctia dong rbi.

2.3. Phwong phip tinh nhién ligu

Trong nghién ciru nay, hdn hop khong khi-nhién
li¢u thye té duge tron trrde trong dudng ong nap. Gia
sir higu suat nap 1a 1, khéi luomg khong khi dugc tmh
theo Cong thirc (7), va khdi lwgng nhién liéu thye té
tuong (g dugce tinh bang Cong thirc (9).

Myhong kni thyc té = P * Vi O]

Dya vao phwong trinh phan img héa hoc véi 100%
xdng c6 cong thirc iCgH)s.

i-CsHis + 12.5(0; + 3.76 N,) => 8CO, + 9H,0 +
12.5*%3.76 N, 8)
Mkhong khi thyc &9 ©

Mphien tigu thuc té = T
Dy trén khi lugng nhién liéu duge tinh toan tir céc
cong thirc truée d6, nang hwgng ngon lira durge xéc djnh
bing Phwong trinh (10), trong d6 i biéu thj mot loai
nhién ligu riéng 1¢ trong hén hop. Trong nghién ciru
nay, ning lugng ngon lira dugce giir khong ddi sao cho
ning lirgng ngon lira cua xdng (PFgasoline) bang véi
nang lwong ngon hra cia hdn hgp NH3/H, (PF
NHy/H,). Nghlen ciru thay dbi ty 1¢ nang lugng hydro
%Ey, tir 10% dén 50% va so sanh céc tnrong hop nay
v6i vige sir dung xang nguyén chét %Eq,, dong thoi
duy tri nang lugng ngon lira khong doi trong tat ca cac
truong hop. Sir dung Phuong trinh (10) va (12), khéi
luong nhién ligu twong img cho méi ty 1¢ %Ey, duge
xéc dinh. Céc gia trj nay dugc trinh bay trong Bang 2.
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n
Nang lwong ngon liva (PF) = Zm, * LHV;  (10)
k=i
Trong do, m; va LHV; biéu thi khéi lwong va gia tri
nhiét hrgng thép cua timg loai nhién ligu trong hén hop.

i my, - LHV;,, o
2 My, - LHVy, + My, - LV,
_ %Ey, - PF

v MY (8

Bing 2. Khoi heong nhién licu NHs va H
cho timg truong hop %Ey,

E&f E%H, :&mg‘) (ll;‘l}:/\:(g) mai (@) Mm@ PFQ)
0% 001545 000238
a0% 001854 000191
o 185 120 00216 000143 572
20% 002472 000095
10% 002782 0.00048

3. Két qua va thao lugn

Anh hwong ctia ty 1¢ nang hegng tir hydro dén ap
suat cuc dai duge thé hién trong Hinh 2. Khi %Ey, tang
tir 10% lén 50%, lwong hydro dwgc dua vao hén hop
nhién hc;u NH3/H, ting 1én, trong khi Iu(mg amoniac
giam nham duy tri tong nang hugng ciia hon hgp khong
ddi. Mac du hydro ¢6 kha niang phan tmg cao, nhung
trong lugng phin tir thap va tao ra it mol san phim chay
hon trén méi don vi nang lugng so véi amoniac. Cu thé,
qua trinh dot chay hydro chi tao ra hoi nuéc, trong khi
dot chay amoniac 120 ra ca nito (N;) va nuée (HZO)
Viéc thay thé amoniac bang hydro do d6 lam giam téng
lu(mg san phém khi duqc tao ra, kéo theo sy glam ap
suét cyc dai, do 4p suét phu thude chiit ché vao sé mol
khi sinh ra trong qua trinh chay.

Bén canh d6, phan tmg chay ctia amoniac ¢6 co ché
phén hity va oxy hoa phtre tap, thuong di kém véi syr
glal phong nhiét cham. Thém véo dé, nhiét dung neng
thp hon ciia hydro va céc san pham chay ctia n6 khién
it nang lugng nhiét du'qc gitlr lai trong khi, lam giam
nhn;t d% ngon lua va tlep tuc han ché Sir tAng 4p suét,
Téng hop cic yéu tb trén bao gbm vige giam san pham
chay, mit do ning lugng nhigt thap hon, va thay déi
dong hoc phén img la nguyén nhan dan dén sy suy giam
ca vé 4p sudt cye dai khi tang ty 1¢ hydro trong hén hop
nhién ligu.
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Ap suiit cye dai (MPa)

.IIIZ

Hinh 2. Anh Imowg %Ey, (Phan tram vé nang legng H;

trong hop chdt NH;/II;) G 1¢ hoa tron @=1, tai 4000v/p

dén dp sudt cwe dai Pz clia dong co
Anh huéng cua %EH2 dén nhiét d$ cyc dai T, & hinh
3. Khi tang ty 1¢ phan tram nang Iu(mg hydro (Hy) trong
hén hop nhién h(‘;u NH3/H,, dan dén khbi lu(mg H;
tang trong khi khéi lugng amonia (NHs) giam dé duy
tri cing mic nﬁng lwgng dau vao. Do Hj c6 nhigt trj
thap cao va téc do chéy rét nhanh, viée tang H, gitp
qua trinh chéy dién ra manh mé va nhanh chong hon,
sinh ra nhiéu nhiét hon frong thoi glan ngan. Pidu nay
dan dén nhiét do chéy cao hon, Dong thoi, Hy ¢6 nhiét
dung riéng thap hon so véi NH; nén khi nang hip thy
nhiét cia hén hgp giam, gop phan lam tang nhigt do
sau chay.

Nhigt 09 eye dgl (K
-

Hinh 3. Anh Imang ctia %Ey, (Phén tram vé ning heong H
trong hop chit NHy/H3) 6 i I¢ héa tron 0=1, tai 4000v/p
dén nhi¢t dé cue dai Tz ciia dong co

Anh huéng cua %Ey, dén cong sult P; phat ra ciia
dong co duge thé hign ¢ hinh 4. Khi giam dan YoEy, tir
50% dén 10%, cong sut cia dong co 14n lugt dat
5,33 kW, 5,39 kW, 5,43 kW, 5,48 kW va 5,49 kW. So
vm cong suit dinh mirc 6.347 kW cua dong co xang (&
toc d¢ 4000 vong/phat), cong sudt ciia dong co sir dung
hén hgp NHa/H, h; suy giam o rét. Két qué cho thiy
ring, viée !hay thé nhién ligu xéng bing hén hep
NH3/H, dan dén suy giam cong suét chi thi.

Chng suit (kW)

YeEn2
Hinh 4. Anh lurmyg cia %Ey, (Phdn tram vé ning heong H,
trong h(tptlml NH3/H3) nll 1¢ hoa trgn @=1, 1ai 4000v/p
dén cong sudt chi thi cita dong co

Khi thay thé nhién liéu Xang bang hén hop NH3/HZ
vai ty 1¢ hoa tron B=1 ¢6 thé thiy xu huéng thay a6i
cac thong s6 hoat dong clia dong co khi thay thé nhién
ligu xang bang hén hep NHa/H, véi cic %Eszhéc
nhau, cu thé 1a 50%, 40%, 30%, 20% va 10%. O truong
hqp %Ep,= 50%, cac thong s6 ap suét, nhiét d¢, cong
sudit chi thi va phat thai NOx giam so véi nhién ligy
xang lan luot 12 6,4%, 0,21%, 15 57% va 57,77%. Khi
giam %EHzxuong 40%, chc thong sé twong img giam
5:43%, 1.59%, 15,04% va 5591%. Vi %Ey,= 30%,
mic giam lan lugt 13 4,38%, 2,43%, 14,47% va
63,65%. Tai %Ey,= 20%, gid tri giam lan et 14
3,24%, 3,44%, 13,73% vi 62,95%. Cubi cing, véi
%Ep,= 10%, céc thong sb giam 1an luot 12 2,09%,
4,52%, 13, 5% va 63,43%. Qua phan tich trén, c6 thé
nhan thdy rang khi giam %Ey,, higu suit dong co (thé
hién qua cong sudt chi thi) giam va mirc phét thai NOx
¢6 xu huong giam nhung tai trudng hop 40%Ey, ¢6 xu
huong téng 1én. Déc bigt, tai %Ey,= 10%, méic di mirc
giam cong sudt 1a 5, 49 KW giam so voi xing la
(13,5%), lugng NOx van gidm manh (63, 43%) so vai
xang Do d9, trudng hop %Ey,= 10% co thé duge xem
12 16i wu nhét trong cac phuong an thay thé nhién ligu,
khi xét dén su can bing giira higu suit va phat thai,

NOx (ppm)

boeoo

R T TN S

Yok "Y

Hinh 5, Anh neong ciia %E H, (Phén tram Vé nang leong H,
trong hop chit NH/H) 6 i I¢ hoa tron @=1, tai 4000v/p
dén phat thai NOx cia dong co
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4. Két lugn

Tir cac két qua mo phong va phan tich, c6 thé rit ra
két ludn rfmg hén hop nhién liu NH3/H, véi ty 1¢ hydro
nang lugng %Ey,= 10% 1a mot phwong 4n thay thé kha
thi cho nhién ligu xang trong dong co danh lira cudng
birc. D cdng suéit phat ra ciia dong co khi sir dung hén
hgp niy ¢6 giam so véi xang truyén théng, mire do giam
van nim trong giti han chap nhan dugc cho cac ng
dung phé thong, djc biét khi xét dén loi ich nbi bat ve
mat méi truémg. Cy thé, lugng phat thai NOx mot trong
nhimg chi tiéu 6 nhiém quan trong nhét da duge kidm
sodt hi¢u qua, véi mirc giam trung binh 1én i 63,43%.
Dic bi¢t hon hop nhién ligu nay khong phat thai ra CO,
CO,. bidu nay thé hi¢n 1o tiém ning cia hon hop
NH3/H; trong vi¢c huéng dén cac giai phap nang lugng
bén vimg, than thién véi moi truong.
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HOIDONG GIAO SUNHA NUGC  CONG HOA XA HOI CHU NGHTA VIET NAM

Doc lap - Ty do — Hanh phie

S6: 25 /QD-HDGSNN 5 \
Ha Noi, ngay Oh thang -+ ndam 2024

QUYET DINH
Phe duygt Danh muyc tap chi khoa hoe duge tinh diém nim 2024

CHU TICH HQI DONG GIAO SU NHA NUGC

Can cir Quyel dinh sé 37/2018/QD-TTg ngay 31/8/2018 vé viée ban hanh
quy dinh tiéu chudn, thi tuc xét cong nhan dat ticu chudn va bé nhiém chite danh
gido su, phd gido su; thu tyc xét iy bo cong nhan chice danh va mién nhiém

chuc danh gido su, phé gido su, dugc sira doi, bé sung mét s6 dicu tai Quyét dinh
50 25/2020/0D-TT; gngay 31/8/2020 ciia Thii tuéng Chinh phii;

Can cit Quyét dinh s6 300/QD-TTg ngay 14/4/2024 cia Thi twéng Chinh
phil vé viée thanh lap Hoi dom; Gido sw nha mede nhiém kp 2024-2029;

Cein it Thong tw s6 04/2019/TT-BGDPT ngay 28/3/2019 ban hanh quy ché
16 chite va hoat dong ciia Hpi dong Gido sw nha nwde, cde Héi déng Gmo su
nganh, lién nganh va Hoi dong Gido s co 56, duoge sira ddi bé sung mot s6 diou
tai Thong twe s6 06/2020/TT-BGDPT ngay 19/3/2020 cia Bé trucng Bo Gido dyc
va Dao tao,

Cain cit dé xudt cva ede Hoi dong Gido sw nganh, lién nganh nam 2024 vé
Danh mye tap chi khoa hoe dwoe tinh diém nam 2024;

Xét dé nghi cia Chdnh Vin phong Héi dong Gido sw nha nude.
QUYET DINH:

Pidu 1. Phé duyét Danh muc tap chi khoa hoc duge tinh diém cia 28 Hoi
dong Giéo su nganh, lién nganh nam 2024 (danh myc kém theo).

Ditu 2. Quyét dinh nay c6 hiéu lye thi hanh ké tir ngay ky.

Diéu 3. Céc Chu tich Hoi dong, Gido su nganh, lién nganh, Chu tich Hoi
J dong Gido su co s& nam 2024, Chanh Vin phong Hoi ddng Gido su nha nude,
Thi trudng cdc co s¢ gido duc dai hoc, céc tb chire va ca nhan ¢4 lién quan chju
trach nhiém thi hanh Quyét dinh nay./.

Noi nhin:

- Nhu Piéu 3;

- Thudng true HDGSNN;

- Cac IDGS nganh, lién nganh (dé thyc hién);
- C4c HPGS co ser (dé 1huc hi¢n);

- Luu: VP,

| “Fe"Nguyén Kim Son




ay (Manufacturing Engineering)
‘ J“ 250 ,C‘ o ’ . o) . .
3.25K§ thuatCo khi (Mechanical Engineering)

3.3. Co khi Quée phong (Mechanical Engineering in National Defense)

3.4. Co khi Giao thong (Mechanical Engineering and Transportation)

3.5. Co khi Nong - Lam nghiép (Agroforestry Mechanical Engineering)

3.6. Co khi Xy dung (Mechanical Engineering in Construction)

3.7. Co khi Thiy san (Aquatic Mechanical Engineering)

3.8. Co khi Dia chit (Geological Mechanical Engincering

3.9. Co khi Hoa (Chemical Mechanical Engineering)

3.10. Co khi bao quan ché bién Nong Lam Thiy san (Mechanical Engineering in Storage

and Processing of Agro — Forestry — Aquatic Products)

3.11. Dong co DSt trong (Internal Combustion Engine)

3.12. O 16 - Méy kéo (Automobile and Tractor)

3.13. Mdy Thuy khi (Aero — Hydraulic Machinery)
3.14. Cong ngh¢ Nhit lanh (Teat and Refrigeration Engincering)

3.15. May Nang luong (Energy Machinery)

3.16. Cong ngh¢ DEt (Textile Technology)

3.17. Cong ngh¢ Cit May (Fashion Design Technology)
3.18. Co - Dién tir (Mechatronies)
3.19. K§ thuat h¢ théng cong nghiép (Industrial Systems Engineering)

b) Danh myc tap chi dwge tinh diém:

TT | Tén tap chi Chisé ISSN | Logi Co quan xuit ban Diém
WoS (F22,5/01, B 230) | 0_30
t 1hos 7id )

N Va4 oo WoS (1 <IF <2,/ Q1, H
! | CSDL Web of Science, Tap chi ;50;(282) e 02,0
> oS, Scopus (1F , Q3,
Scopus) Q4 0-15
] Rl P 0 - 1,0 Onli
) Céc tap chi khoa hoe quoc té Tap chi Do HPGS lién nganh quyct ? nA iy
* | khic c6 ma so ISSN w dinh timg truong hop cu thé 0'07751_14110"2
online
Bio cdo khoa hoe tai hoi Ding toan van trong Ky yéu 0 - 1,0 Online
3 nghi khoa hoc quoe t€ viet Ky yéu (Proceedings) ¢ phan bi¢n 0~ 0,75 Khong
bing tieng Anh, khoa hoc, ¢6 chi s0 ISBN ohlite
e Ding toan van trong ky yéu s
Biao cdo khoa hoc tai hoi . w4 | €6 phan bién khoa hoc (tu s
% nghi khoa hoe qude gia Sy nim 2017, phai ¢6 chi s 0-0.5
ISBN)
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(Kém theo Quyét dinh s6: 25/0D-HDGSNN ngay 05 thang 7 ndm 2024)
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2] |

5. | Cokhi Viét Nam (0866-7056) Tap chi | Hoi Co khi Viét Nam 0-05
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I 005
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: Tansitioniy i internal combustion engine vehicles

Feee ed 0f 30 500, Transitioning  from internal cc stio, it es ro
Rovised: Nov 149055 electric vehicles is a snrategic approach to achieving zero carbon
Accepted: Dec 2, 2025 emissions by 2050. Howevei; the battery system alters the vehicle s
: : veight  and load  distribution,  impacting its  vibration
Keywards: electric vehicle,

characteristics. This sty evaluates the natural vibration frequency
natural frequency, OCVN et
09:2011/BGTVT, oprimizing

battery

of the vehicle body to optimize battery, ensuring safery and
operational stability. The research focused on a HONDA Civic 1 8L
converted into an electric vehicle. A simulation model of the
suspension system, calibrared using a full-vehicle dynamics model,
was developed and evaluated per the OQCVN 09:2011/BGTVT
standerd issued by Vietmam's Ministiy of Transport. The vehicle was
placed on a test bench at a height of 120 mm, released freely, and
the acceleration response vas recorded and analyzed over time. The
simulation results indicated that the natural frequencies of the
original vehicle and three battery configurations were below the 2.5
Hz theshold specified by OCVN 09:2011/BGTVI. Hovwever, the
frequencies varied across the configmations compared to the
original vehicle. Specifically: the front axle frequency in the three
cases increased by 10.7-18.4% compared to the oviginal vehicle’s
1.96 Hz, while the rear axle frequency decreased by 26.5-28.5%5
relative to the original 2.00 Hz. Based on the sindation, Case 3 is
identified as the optimal battery configuration, as both the front and
rear axle frequencies are lower than those of the other tro
configurations and conply with the QCVN 09:2011/BGTVT
standard.
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1. INTRODUCTION

Alr pollution and climate change are driving
the twend roward emission reduction in
transportation, particularly the shift from fossil
fuel-powered vehicles to electric vehicles. In
Vietnam, the goal of achieving net-zero
emissions by 2050 has been concretized in
Decision No. 867/QD-TTg. According to a study
by Sri, Reddy (2023). electric vehicles consume
only about 36% of the input energy, compared o

2% for internal combustion engine vehicles,

demonstrating their superior energy efficiency.

To contribute to this goal, the authors
conducted a study on converting a HONDA Civic
from an internal combustion engine vehicle to an
electric vehicle. The vehicle's structure and
bodywork were retained. while the powertrain
system was replaced with an electric motor, The
vehicle's weight before and after the conversion
is presented in Table 1.
Table 1. Vehicle mass data after conversion
(Honda Motor Co., 2008)

_Wheel tracks

Content (o0 I SR elghi s
Original No load 1,210kg
Hgin? Full load 1.585kg
e No load 1,507kg
SaHvRie Full load 1.882kg
Wheelbase 2,700 mm

Front /rear

1,500/1,530 mm

One of the critical technical factors to consider
after vehicle conversion is the natural frequency
of the suspension system. The natural frequency
plays a key role in determining the ride comfort
and stability of a vehicle during operation. The
transition from a traditional internal combustion
engine to an electric motor can significantly
affect the suspension's natural frequency.

This impact can be evaluated using the

following equations:

(1)

Where: f* The natral frequency (Hz), K The
stiffness of the system (N/mm). m: The effective
mass (kg).

Additionally, the static stiffness of the
suspension system (€) can be determined based
on the static load (Z.) and the static deflection (/)
using the following formula:

Zy
Ci=— 2
K (2)

According to Equation (1), the natural
frequency depends on both the suspension
stiffness and the vehicle mass. varying with the
square root of these parameters. Equation (2)
shows the relationship between load and wheel
axle displacement, governed by the elastic
characteristics of the suspension (N/mm). Any
change in stiffness or load distribution results in
a variation of the natural frequency, which can
reduce ride comfort if it exceeds the acceptable
threshold. Therefore. reassessing the suspension
system after powertrain conversion is essential.

Numerous studies have evaluated the natural
frequency based on the ISO 2631 standard, using
the root mean square (RMS) acceleration to
assess ride comfort. Le and Thao (2020), and
Tran and Nguyen (2016). simulated the vibratjon
behavior of sleeper buses and city buses at
different speeds. Dam, Nguyen va Thuy (2021)
focused on analyzing the impact of electric
vehicle conversions, showing that suspension
system design parameters significantly influence
ride quality. Similarly, Bakar, Said and Aziz
(2015) found that variations in load distribution
altered axle movement, thus affecting the

suspension’s dynamic behavior.
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Likewise, Thao studied the vibration of
passenger transport vehicles through simulations
conducted in MATLAB-SIMULINK. with
evaluations based on TCVN 1694-1:2001. The
author used the squared acceleration criterion to
assess ride comfort, confirming that road surface
conditions  and  suspension  parameters
significantly affect passenger comfort (Sri &
Reddy. 2023).

However, in Vietnan, to be approved for road
use. converted vehicles must meet the natural
frequency requirement outlined in QCVN
09:201 /BGTVT. which specifies that the natural
frequency must not exceed 2.5 Hz. This
regulation provides two evaluation methods:
Method | applies to two-axle vehicles, while
Method 2 is intended for vehicles with more than
two axles.

In this study, the authors adopted Method 1 for
evaluation. A full-vehicle dynamic model was
developed based on real-world measurements,
including curb weight, gross vehicle weight,
motor installation location, and post-conversion
passenger load distribution. The suspension
characteristics were integrated into the simulation
model and calibrated. The vehicle was then
subjected to a drop test from a height of 120 mm
on a test rig, with a simulated impact force of
18,820 N used to collect vibration response data.
2. MATERIALS AND METHODS
2.1 Theoretical basis

The QCVN 09:2011/BGTVT standard
specifies a defailed method for determining the
natural frequency of the vehicle body. According
to this standard, the procedure for identifying the
natural frequency is carried out following the
illustrated instructions in Figure 1. The obtained

natural  frequency was then analyzed and

evaluated based on formulas (3) and (4).

Z{)
/\ Ak
DA
A\v {
A
Ts

Fig. 1. The method for determining the
natural oscillation period based on the results
of the vehicle body's damping oscillation
curve (National Technical Regulation QCVN

09:2011/BGTVT, 2011)
1
e 3
o (3)
Ti=t, =t (4)

In there: fi natural frequency of the vehicle
body (Hz), T:: natwral oscillation period of the
vehicle body (s), ta: end time of the period being
considered (s), t;: start time of the period being
considered (s)

2.2 Simulation method

To  determine the optimal  battery
configuration, the research team applied the
National ~ Technical ~ Regulation  QCVN
09:2011/BGTVT, which outlines two methods
for measuring the natural frequency of a vehicle's
suspension  systenn.  Specifically, Method |
applied to two-axle vehicles and required the
vehicle to be released freely from a height
between 60 and 120 mm onto a test platform,
Method 2. intended for vehicles with more than
two axles, involved compressing the vehicle
within the same height range and then releasing it
to induce oscillation.

In this study. the authors selected Method | for
simulation. A test platform was designed with a

T ———————————————————
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height of 120 mm, and the suspension parameters
were integrated and calibrated within the
vehicle’s dynamic model. The vehicle model was
then released from the specified height with an
applied impact force to simulate oscillation. The
resulting simulation data was analyzed to
determine the optimal battery configuration. The
detailed dimensions and design of the test

platform are shown in Figure 2.

Fig 2. Technical specifications for creating
oscillators according fo method 1 (National
Technical Regulation QCVN
09:2011/BGTVT, 2011)

Figures 3 to 6 illustrate the characteristics of
the suspension system, which are then used as
input data for the simulation mode].

In Figure 3, the spring characteristic is
illustrated  through the  force—displacement
relationship. The curve is divided into three
segments: OA, AB, and BC. In the first two
segments (from point O to A and from A to B),
the spring stiffness remains constant at
k=19.87N/mm, indicating a linear relationship
between force and displacement. However, from
point B to C, the curve shows a nonlinear change
as the slope increases, corresponding to a new
stiffness of k=23.18N/mm. This change results
from the uneven coil pitch design of the spring,
which is intended to adjust the elastic
characteristics to better suit load conditions

during vehicle operation.

Foz) Fur100
Fig 3. Characteristics of front suspension
spring elements

Figure 4 shows the relationship between
velocity and force represents the characteristic of
the damping element. The horizontal axis
ndicates the displacement velocity, while the
vertical axis represents the force. An analysis of
this figure shows that the damping characteristic
is divided into two paits, corresponding to the
first and third quadrants of the coordinate plane.
In the furst quadrant, representing the rebound
(return) stroke, the maximum damping force
reaches 3926 99N at a velocity of 50 mny/s,
Meanwhile, in the third quadrant, representing
the compression phase, the maximum damping
foree is 455.601 N, also at a velocity of 50 min/s.

T,

Oirrsisior ilie

Fig 4. Characteristics of front suspension
damper elements
In Figwe 5. the spring characteristic is
represented by the force-displacement curve,
with the horizontal axis indicating displacement
and the vertical axis indicating force. The rear
suspension spring exhibits a linear response with
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a constant stiffness of k-16.6 N/mm. This means
it follows Hooke's law: I© kx, where F is the force
(N), x is the displacement (mm), and k is the
stiffness (N/mm). Thus, the equation becomes
F=16.6x, meaning the force increases by 16,6 N
for each millimeter of displacement.

2

L 4
\
PRI Y &

2,22649.063

»
Fu160 Fy=120

Fig 5. Characteristics of rear suspension
spring elements

Figure 6 illustrates the relationship between
velocity and force. representing the characteristic
of the damping element. The damping behavior is
divided into two parts: in the first quadrant, the
maximum damping force during the rebound
stroke reaches 2650.72N at a velocity of
S0mny/s, while in the third quadrant. the
maximum damping force during the compression

stroke is 293.54 N at the same velogity.

229

2,501

Fig 6. Characteristics of the damping
elements of the rear suspension system
In the next step. the suspension characteristics
from the Honda Civic were implemented in the

simulation model and retained for the converted
vehicle version. The detailed parameters are
summarized in Table 2.

Table 2. Set Up suspension simulation

conditions
Content Setting
Spring K=19.9N/
(L =12.7N/1Y
_characteristics & o
Front
suspension  Damping
properties
Spring i o
characteristics  N~16.6Nnm.
Rear
suspension  Damping
properties

@ 59,14

After updating the suspension characteristics
inthe full vehicle dynamic model. the next step is
to adjust the mass distribution. First. the
wheelbase and front-rear track widths were
modified according to the specifications
presented in Table 1 and illustrated in Figure 7.
Once the basic dimensions and vehicle mass were
updated, the center of gravity coordinates were
determined based on the load distribution
between the front and rear axles, corresponding
to each loading condition. Detailed information
for the original vehicle is provided in Table 3,
while the data for the converted vehicle is

presented in Table 4.

) oT808 (e
Fig 7. Basic vehicle specifications
After adjusting the base dimensions and

weight of the vehicle, the coordinates of the
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original vehicle's center of gravity were
determined based on the load distribution on the
front and rear axles for each load case, as shown
in Table 4.

Table 3. Simulation parameters of the original

vehicle
Weight of self 1.585 kg
Front axle distribution 951 kg
Full Rear axle distribution 634 kg
load Coordinates  of  the

entire vehicle's center of 1,080 mm
gravity in the x direction

In the previous study. the selected battery pack
had dimensions of 1,816%1,362x234 mm. The
battery was installed beneath the vehicle floor,
with  different  placement  configurations
considered along the longitudinal direction from
near to far relative to the front axle center.

In Case L, witha wheelbase of 2,700 mm, the
battery pack was positioned so that its center of
gravity was located at the midpoint of the vehicle
body, i.e., halfiway between the front and rear
axles. As a result, the battery load was evenly
distributed between both axles.

In Case 2, the battery pack was shifted closer
to the front axle. causing its center of gravity to
move forward, resulting in the majority of the
battery load being applied to the front axle.

Conversely, in Case 3, the battery was
positioned toward the rear of the vehicle,
concentrating more of the load on the rear axle.

The detailed load distribution for each
configuration is provided in Table 4 and visually
illustrated in Figure 8.

Fig 8. Battery installation location

representation

Table 4. Battery installation Iayout scenarios

converted vehicle

Content Casel Case? Cased
Weight of e,

self LERERE
Front axle 1,098 1,185 1.082
Jdistibution  Kg =~ Kg  Kg
Rear axle 784 697 S00
distribution Kg Kg Kg
Coordinates

Full of ﬂ}e entire

iad vehicle's
center of
gravity in
the x
direction
Distance
from front X=442 X=292 X=592
wheel center mm mm mm
to battery

1,124 1,000  |,148
mm nm mm

Next, to collect acceleration data during the
drop ftest, accelerometers were fixed to the
vehicle body at two locations: one near the front
axle and the other near the rear axle, with a
distance  of 2700 mm  between the two
measurement points. This arrangement allows for
accurate recording of accelerarion at both ends of
the vehicle during the simulation.

Finally, the vehicle model was placed on the
test platform at a height of h=120 mm. A pushing
force of 18,820 N was applied in the direction
opposite to the x-axis. This force was determined
based on the vehicle's total weight of 1.882 kg,
simulating a scenario in which the vehicle engine
is turned off and the vehicle is stationary but
displaced from the platform, leading to a free-fall
condition.

3. RESULTS AND DISCUSSION
3.1 The natural frequency of oscillation with
the test bench height set at h=120 mm

Based on the acceleration measurement

results of the Front axle in Fig. 9, we observe that

one oscillation cycle is identified by two
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consecutive peaks. The times t;-3.299s and
t7-3.809s. Using formula (1).

The natural frequency of the rear axle is
determined to be f=1.96Hz. According to
QCVN09:2011/BGTVT, the suspension system's
natural frequency should not exceed [2.5[1z,
and the simulation results fall within this range.
Therefore, the natural frequency of the front
suspension systent is within the allowable limit.

Front ede acceleration graph

l
t
As

jE

" Regmiwiation G

|
7w |
{—sien sz mcpieration gragh |

;- [ "~ Ey g pm )

Toats
Fig 9. Front axle acceleration graph

Fig. 10 shows the natural frequency of the

front suspension exhibits a discrepancy compared

to the rear suspension, with a natural oscillation

period of T=0.5s. However. the natural frequency

of the Rear axle, [=2llz, falls within the

permissible limits as per the regulations.
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Fig 10. Rear axle acceleration graph

3.2 The natural frequency of oscillation with
the test bench height set at h=120 mm in case
of changing battery installation location

For Case |, the battery position is fully
described in Table 4. The simulation results show
that for the front axle, as depicted in Figures 11
and 12, the frequency simulation results for the
rear axle are provided,

Fig. 11 shows the natural frequency of the

front suspension exhibits a discrepancy compared

to the front suspension, with a natural oscillation

period of f2.27Hz.

Ve |

{ L=
1 ‘

Fig 11. Front axle acceleration graph Case 1
Fig. 12 shows the natural frequency of the
front suspension exhibits a discrepancy compared
to the rear suspension, with a natural oscillation
periad of f=1.4511z.

53 3
Tewin

Fig 12. Rear axle acceleration graph Case 1

The natural frequency simulation results for
Case 2 are presented in Figures 13 and 14.

Fig. 13 shows the natural frequency of the
front suspension exhibits a discrepancy compared
to the front suspension, with a natural oscillation
period of f-2.32Hz.
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Fig 13. Front axle acceleration graph Case 2
Fig. 13 shows the natural frequency of the rear
suspension exhibits a discrepancy compared to
the rear suspension. with a natural oscillation
period of =1.47 Hz.
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