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DAI HOC THAI NGUYEN
TRUONG PH KY THUAT CONG NGHIEP

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

Tén dé tai: Toi wu dwong cong NURBS trong tinh todn thiét ké co cu cam
cén lic ddy con lin

- Ma s6: T2020-B80

- Chit nhiém dé tai: TS. Nguyén Thi Thanh Nga

- Tb chirc chu tri: Truong Dai hoc k¥ thuat Cong nghiép

- Thoi gian thye hién: Tir thang 9 nim 2020 dén théng 9 nim 2021
2, Muc tiéu:

Xay dung duong cong NURBS cho chuyén dong cia cin. Tiép theo d6 14
xéy dung bai todn toi wu vé dong hoc, dong luc hoc clia co ciu cam. Tir d6
tim ra céc thong s6 ti wu cua dudng cong NURBS cho thiét ké co ciu cam
cén lic d4y con lan.

3. Tinh méi va sang tao:

D4 dé xudt mot phuong phép méi cho viée tinh toan thiét ké cam cin ¢

day con lan.
4. Két qua nghién ciru:
- Nghién ctru tong quan v& co ciu cam, céc biét thiét ké co ciu cam;

- Nghién ctru 4p dung dudng cong NURBS dé mé ta chuyén dong ctia

cin trong co céu cam,

- Céc ham da muc tiéu vé dong hoc va dong luc hoc cling duge dua ra;

- Phuong phép mé phong luyén kim duge trinh bay dé giai cac phuong

trinh ham muc tiéu phi tuyén;




- Vidy vé tinh toén thiét ké co chu cam cdn Iic ddy con lan ciing dugc
dua ra véi cac két qua dat duge cai thién hon so véi co cdu cam ban
dau.

5. San phim:
02 bai bao trong danh muc Scopus Q4
. Nguyen Thi Thanh Nga, optimization of NURBS parameters for
calculating cam mechanisms with oscillating roller follower, Lecture Notes
in Mechanical Engineering, the 12th International Conference on Materials
Processing and Characterization 2021, accepted on September 24, 2021
2. Nguyen Thi Thanh Nga, Nguyen Van Sy, Tran Minh Quang, Knot vector
optimization for high speed cam mechanisms based on dynamic
characteristics, the 4th Internaltional Conference Engineering Research and
Applications 2021, Lecture Notes in Networks and Systems, accepted.
6. Khd niing 4p dung va phwong thirc chuyén giao két qua nghién ciu:
- Ap dung cho viéc nang cao chit lugng giang day va hoc tap céc hoc
phan Nguyén ly may cho nganh K§¥ thuat co khi;
- Dung lam tai ligu tham khao cho sinh vién, cho thiét ké lién quan dén

tinh todn thiét ké co cAu cam.

Co quan chi tri Ngay thang nam 2021
K.T. HIEU TRUONG Chii nhiém dé tai
PHO HIEU TRUONG
PGS. TS. Vii Ngoc Pi TS. Nguyén Thi Thanh Nga




INFORMATION ON RESEARCH RESULTS

1. General information:
- Title: NURBS parameter optimization for designing cam
mechanisms
- Code number: T2020-B80
- Group leader: Nguyen Thi Thanh Nga, Ph.D.
- Implementing institution: Thai Nguyen University of Technology
- Duration: from 9/2020 to 9/2021
2. Objective(s):
The characteristics of kinematics and dynamics of cam systems play an
important role in cam design. The optimization of kinematic
characteristics and dynamics is still essential for investigation of cam
systems. An optimization of NURBS parameters for calculating cam
mechanisms was proposed. In this research, the NURBS function is used
to describe motion curves. In order to obtain a good kinematic and
dynamic characteristics of the cam follower systems, the parameters of
NURBS including weights and knots are considered to optimize the
maximum values of acceleration and jerk and the contact force. The cam
profile was also established with the examination of the pressure angle.
Examples demonstrate that the results obtained by optimal NURBS bring
an important significance for the cam follower systems.
3. Creativeness and innovativeness:
This project proposed a new method to design cam mechanisms for
cam follower systems.
4. Research results:

1. Literature review for cam mechanisms in synthesis and design;
2. Applying the NURBS curve for description of the follower motion;




3. Bringing the multi-objective function in kinematics and dynamics
of the cam systems;
4. Using simulated annealing algorithm for solving the non-linear
equation;
5. Examples for design cam demonstrate that the kinematic and
dynamic characteristics are improved.
5. Products:
02 papers, Scopus Q4
1. Nguyen Thi Thanh Nga, optimization of NURBS parameters for
calculating cam mechanisms with oscillating roller follower, Lecture Notes
{ in Mechanical Engineering, the 12th International Conference on Materials
Processing and Characterization 2021, accepted on September 24, 2021;
| 2. Nguyen Thi Thanh Nga, Nguyen Van Sy, Tran Minh Quang, Knot vector
{ optimization for high speed cam mechanisms based on dynamic
‘ characteristics, the 4th Internaltional Conference Engineering Research and

Applications 2021, Lecture Notes in Networks and Systems, accepted.




MO PAU
1. Tinh cap thiét ciia d@ tai
Co céu cam la co c4u r4t linh hoat bdi n6 c6 thé tao ra chuyén dong dau

A \ i 3\ A A N A A s A r
ra bat ky ma ngudi thiét ké mong mudn. Vi véy, cho dén nay viéc tinh

r
A

toan thiét ké co cdu cam van duoc nhidu nghién ctru quan tdm. Mot s6

nghién ciru trinh bay cac him toén hoc co ban dé mé ta chuyén dong cia

co cau cam. Nhiéu nghién clru d dua ra phuong phap tao ra dudng cong

tron cho céc do thi SVAJ sit dung ham da thic. Nhitng nim gin day,

nhiéu nghién ctru dé cdp dén ham spline dé mé ta chuyén dong cta cén,

Mot s6 nghién ctru d& mo ta chuyén déng cia cin bing dudng B-spline,

cac diém didu khién dugc @& cap dén dé tinh toan théa man cho cic yéu

cau dau ra. Pudng cong NURBS ciing duoc st dung cho chuyén vi ctia

can. Viée tinh todn trong sd clia dudng cong NURBS véi cac didu kién

bién trong co cdu cam cling duge dé cép dén nhitng nim gin day.

C6 thé thay ring viéc tinh ton t8i wu cho co cdu cam cin lic ddy con lan

chua dugc d cap dén. Hon nita tim céc thong s6 t6i vu cta dudng cong

NURBS cho thiét ké co cdu cam cén léc day con lan ciing chua c6 nghién

clru nao dua ra. Vi vy, trong nghién clru ndy tic gia dé cap dén viée tinh

todn dudng cong NURBS dé thiét ké co cdu cam cin day déy con lan.

2. Noi dung nghién ciru

- Nghién ctru tong quan vé co cdu cam, thiét ké co ciu cam, dong hoc
va dong lyc hoc co chu cam;

- Thiét 14p phuong trinh NURBS cho chuyén dong cia cén;

- Xay dung bai toan t6i wu dua trén céc yéu cau vé dong hoc va dong
luc hoc d& 61 wu cac tham sé cua duong cong NURBS;

3. Két qué nghién ciru

- Nghién ciru tong quan vé co cau cam, cac biét thiét ké co cau cam;
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- Nghién ciru 4p dung dudng cong NURBS dé mo ta chuyén dong cua
cin trong co chu cam,;

- Céc ham da muyc tiéu vé dong hoc va dong luc hoc cling dugce dua ra;

- Phuong phdp md phéng luyén kim dugc trinh bay dé giai cdc phuong
trinh ham muc tiéu phi tuyén;

- Vi du v& tinh toan thiét ké co cAu cam cén 1ic d4y con lin cling duoc
dua ra v6i cac két qua dat duoc cai thién hon so v&i co cu cam ban
dau.

4. Chu triic cha dé tai

Céu tric ctia d& tai gdm: Chwong 1 trinh bay tdng quan vé co cu cam va
tinh toan thiét ké co cdu cam. Chuong 2 trinh bay tinh todn t6i uu c4c tham
s6 ctia dudng cong NURBS véi muc tiéu 14 gia toe va xung 12 dat gia tri nhd
nhat. Tiép theo, chuong 3 trinh bay tinh toén ti wu véc to nit cau dudng
cong NURBS nhim cuc tidu héa gié trj luc tiép xuc gifta cam va cin. Cubi

cling, chuong 4 s& ghi lai nhitng két luan d4 lam dugc trong d@ tai nay.

Jil




CHUONG I
NGHIEN CUU TONG QUAN VE THIET KE CO CAU CAM

1. Giéi thigu vé co ciu cam

Co céu cam duge st dung rong réi trong nhiéu loai may nhu st dung cho
viéc déng m& stip pap ctia dong co dét trong, sir dung trong nhiéu loai may
gia cong co khi. So sanh véi co cdu dang thanh, co ciu cam d& thiét k& khi
cho yéu cau cu thé ctia yéu cu ddu ra; tuy nhién co cu cam khé ché tao hon
50 v6i co cdu dang thanh.

Chuong ndy s& d& cap dén céc khai niém co ban v& co chu cam. Céc loai co
cdu cam va nhitng co cdu cam thong dung thuong dung trong céc hé thong
co khi,

Bang 1. Cac ky hiéu

t Thot gian (s)

Goc quay tryc cam (° hodc rad)

0

) Vén toc géc clia truc cam (rad/s)

B Géc quay & mot giai doan ctia cam (di xa, diing xa, vé gan hoic
dimg gén)

L | Hanh trinh clia can (chiéu dai)

S () | Chuyén vi clia cn (chidu dai)

V(y’) | Van toc clia can (chidu dai/rad)

v (¥) | Van toc dai clia can (chiéu dai/s)

A (y”) | Van toc clia cin (chidu dai/rad?)

a () | Gia tdc dai ctia can (chiéu dai/s?)

J (") | Xung (chiéu dai/rad®)

R, | Bén kinh vong trén co s& thuc (chiéu dai)

R, | Ban kinh vong tron co s 1y thuyét (chidu dai)

R, | Ban kinh con lin (chiéu dai)

12




L

|

¢ | Tam sai (chiéu dai)

o, Ban kinh cong ctia bé mit cam thuc (chiéu dai)

O» Ban kinh cong ctia bé mit cam ly thuyét (chiéu dai)

r re oA > A ‘
2. Céc khai niém co ban vé co cAu cam

2.1. Khdi niém co cdu cam
Co cdu cam 3 mdt co cau trong d6 khau bi dan (dwoc goi 1a cr:“m) ndi véi
khau din (cam) bang khép cao va chuyén dong qua lai theo quy luat do hinh
dang ctia bé mit tip xtc trén khau din quyét dinh.
Co ciu cam c6 thé dugc phan loai theo nhiéu cach nhu: theo chuyén dong cla
cén, theo hinh dang ctia cam, phéan loai theo dang ddy can, cam chinh tim va
1€ch tAm.
Phén logi theo chuyén dong ciia cin
Tuy thudc vao chuyén dong ctia can: can chuyén dong tinh tién (Hinh 1.1a,
b, d; Hinh 1.2a, b), cn chuyén dong quay hay lic (Hinh l.1¢; Hinh 1.2¢, d).
Phan logi theo hinh dang ciia cam
Tuy theo hinh dang ctia cam, trén Hinh 1.1 phan ra 4 loai cam nhu sau:

- Cam phang hay con goi 1 cam dfa (Hinh 1.1a).

- Cam tinh tién (Hinh 1.1b).

- Cam thung (Hinh 1.1c¢).

- Cam mgt (Hinh 1.1d).
Trong céc loai cam néu trén hinh Hinh 1.1a thi cam cam dfa duge dung phd
bién nhat, con cam tinh tién hiém khi duoc sir dung boi vi dau vao thuong
str dyng dang chuyén dong quay lién tuc.
Theo hinh dang ddiy cin

Trén hinh Hinh 1.2 chi ra céc loai hinh dang day can nhu sau:
- Can d4y nhon (Hinh 1.2a).
- Cén d4y bang (Hinh 1.2b).
13




- Can d4y con lan (Hinh 1.2¢).
- Cén d4y cong (Hinh 1.2d).
Loai cam: Cam chinh tdm (Hinh 1.2b), cam léch tim (Hinh 1.24).

Trong qué trinh lam viéc ctia co cAu cam phai luén dam bao rdng cam va can
luén tiép xtic v6i nhau. Diéu ndy cé thé dugc thyc hién béi phu thudc va
trong lwgng, hodc str dung luc 16 xo, hodc 13 duge rang budc bdi két ciu.
Chéng han nhu Hinh 1.1¢ sy tiép xtc lién tuc cita cam va cin dugc thyc hién
nho vao két cdu ctia ranh cam; hoic két cAu ctia cAn nhu Hinh 1.3c. Mot cach
khéc dé ludn gift tiép xtic gitta cam va cdn 1a sit dung cam déu cit nhw Hinh

1.3a.

(1177

Cam
Cam

VI L LA L T P77 7 7 77 7)
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02
Cin

(c)

(d)

Hinh 1. (a) Cam dia; (b) Cam tinh tién;
(c) Cam thung; (d) Cam mit.

Cam

Cam

(b)
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Cam

(c) (d)

Hinh 2. Cam dia véi:

(a) Cam 1éch tAm va cin d4y nhon;
(b) Cam chinh tim va cin d4y bing;
(c) Cam cén l4c day con lan;

(d) Cam cén lic d4y cong.

Cin

(a) (b)

2 ’ A 3 A A 7 9 \ A
Hinh 3. Cac kiéu rang budc tiép xlc clla cam va can
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r re L) o hd A
2.2. Céc khai niém co ban ciia co cau cam

=S
:
Con lan — =1 Can

R¢

Bién dang cam

ly thuyét 2
\ ,;

Bién dang cam
thuc

-
o

Vong tron cd sd
ly thuyét

1
: |

vong tron co s¢ e e S U i 1.
thu'c i ; I

Cam

Hinh 4. Co cAu cam can day, day con lan
Gia st xét co cAu cam can ddy, d4y con lan nhu trén Hinh 1.4:

- Bién dang cam thuc va bién dang cam ly thuyét (quy dao dudng
tam con 1an) duogc chi ra trén Hinh 1.4.

- Vong tron co sd thyc (Ry,): vong tron nhé nhét tiép tuyén vé6i cung
Rumin cuia bién dang cam thyec.

- Vong tron co s& 1y thuyét (Rp): vong tron nho nhit tiép tuyén véi
cung Ruin clia bién dang cam 1y thuyét.

Mbt s6 giai doan chuyén dong clia can:

- Giai doan dimg (dwell): 13 giai doan ma khong c6 chuyén dong ctia
dau can hay cam quay nhung can dimg yén. Néu giai doan dung &
gin tAm cam goi 14 giai doan dimg gan (doan AB trén Hinh 1.4); con
néu giai doan dimg & xa tAm cam goi 13 giai doan dimg xa (doan CD
trén Hinh 1.4).
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- Giai doan di xa (rise): 1 giai doan cAn chuyén d6ng dan dan xa tdm
cam (doan CB trén Hinh 1.4).
- Giai doan vé géan (return or fall): 12 giai doan can chuyén dong vé
gan tdm cam (doan AD trén Hinh 1.4).
Ty thude vao yéu cau lam vige ctia hé thong, chuyén déng cua co cdu cam
c6 thé c6 hai giai doan di xa - v& ghn; c6 thé c6 ba giai doan nhu di xa — vé
gan — dimg; hodc c6 bon giai doan nhur di xa — dimg xa — vé gén — dimg gn;
hogc cé nhiéu hon bon giai doan 1a sw két hop cia céc giai doan trén tuy

thudc vao yéu cau thiét ké.

Chuyén vi ciia can (displacement diagram)

Théng thuong hé thdng str dung co cdu cam cé mét béc tu do. Thudng dan
dong cho tryc cam quay véi van téc goc khong dbi dé tao ra chuyén dong
mong mudn ciia can. Khi cam qua hét mot vong thi can s& vach 1én mot quy
dao 13 mdi quan hé gic quay clia cam 6(t) va chuyén vi clia cin y va duge
goi 14 chuyén vi ctia cin. Trén Hinh 1.5 chi ra chuyén vi clia cAn cho co cdu
cam v&i cAn chuyén dong tinh tién gdm bon giai doan: di xa — dung xa — vé
gin — dmg gan. Gia tri 16n nhat ctia chuyén vi can trong giai doan di xa duoc
goi 12 hanh trinh cta cn (L) nhu chi ra trén Hinh 1.4 va Hinh 1.5.

Céc gbc quay clia cam Ung Véi céc giai doan chuyén dong cila can duoc goi
1a cac goc dinh ky, ky hiéu 1a f;. Trén Hinh 1.5 cac géc dinh ky B4, B,
Bs, B. twong tmg véi 4 giai doan chuyén dong cua can: di xa, dimg xa, vé

gan va dung gan.
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bi xa Plng xa V& gén Bing géan

0 B P pi P 0

360°

Hinh 5. Chuyén vi ciia can
3. Téng quan vé thiét ké cam

C#c ham todn hoc co ban mé ta chuyén dong ciia can

Phuong trinh chuyén vi ctia cAn quyét dinh rat nhiéu dén dong hoc va dong
Iye hoc ctia cam duoc thiét ké. C6 nhidu nghién ctru da dua ra cac phuong
trinh toan hoc co ban cho chuyén vi ciia cdn nhu ham da thire, ham diéu hoa,
ham cycloit [1-3]. Ham da thirc dugc sir dung rong rdi trong thiét ké. Nhidu
nghién ciru stir dung ham da thirc bacp=3,p=5vap=T7mo ta chuyén dong
clia can [1,2,4,5]. V&i ham da thitc bac 3 phai théa mén 4 diéu kién bién, véi
ham béc 5 thi 6 didu kiém bién va ham da thirc bic 7 théa mén 8 diéu kién
bién. Hinh 6 mé ta dd thi chuyén vi, van tdc, gia tdc va xung clia cAn st dung
ham da thtic bac 3, 5 va bac 7. Nhidu nghién ctru sit dung ham da thic dé
thiét k& 61 wu dong hoc co cAu cam [6-8]. Ham lugng gidc ciing dugc sir
dung cho thiét ké cam [9-13]. P& véi ham diéu hoa ¢ nhugc diém la dudng
cong md ta gia tbc khong lién tuc & diém diu va diém cudi. Do d6, dudng
cong xung s& nhén gia tri vo cuing tai hai vi tri nay. Diéu nay khéng mong
muén trong thiét ké cam. Hinh 7 mé t4 dudng cong chuyén vi, van toc, gia

toc va xung cla can st dung ham diéu hoa va ham cycloit.
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