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LOI MO PAU

Co cdu cam la mdt trong nhitng co cau cé tinh chat linh
hoat béi né tao ra chuyén déng ciia can mong muon tiy
thuoc vao bién dang cam. Vi vdy, viéc tinh toan thiét ké co
cau cam la mot vin dé can thiét cho viéc tong hop co cdu
noi chung.

Néi dung cia sach trinh bay co sé vé tinh todn thiét
ké co cdau cam. Céc phirong trinh todn hoc thong thuong
duwoc stk dung cho chuyén vi ciia can trong co cdu cam.
Théo ludn vé diéu kién bién khi thiét ké co cdu cam sir
dung phwong trinh duong da thirc. Hon nita cac ham
dang spline ciing duoc dwa ra trong sach nay. Cach ap
dung cdc phiong trinh todn hoc cho viéc thiét ké cam khi
biét cdc yéu cau thiét ké. Hon nita, cdc buéc trong qud
trinh thiét ké cam cting duoc dwa ra nham tao mot cdi
nhin tong quat cho nguoi doc c¢é dwoc cdc kién thire cot
16i trong viéc thiét ké co cdu cam. Céc théng sé anh
hwéng dén kich thude cam va qud trinh ché tao cam ciing
dwoc thao lugn trong sach nay. Cdac ky hiéu trong sach
duoc duoc ky hiéu theo chuan héa quéc té.

Mt khdc, sach dwoc viét theo hwong tin hoc hoa nham
tao thudn loi cho nguoi sir dung cé thé dp dung cdc ngén
ngit ldp trinh cho qua trinh tinh toan nhu: Matlab, Excel,
etc.. Sach dung lam tai liéu trong linh viee tinh todn thiét
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ké co cau cam. Hon nita ciing la tai liéu tham khdo cho
qua trinh giang day, hoc tap cua giang vién va sinh vién
cdc trwong Pai hoc, Cao dang cdc nganh Ky thudt, ddc
biét nganh Co khi vé linh viec chuyén sdu vé co cau cam.
Cdc tac gia chan thanh cam on Truong Dai hoc ky
thudt Cong nghiép - Pai hoc Thdi Nguyén da tao diéu
kién xudt ban cuén sach chuyén khdo nay. Téac gia muén
tri on sdu sdc dén cac thay, cé gido trong B6 mén Co sé
Thiét ké mdy va Robot, Khoa Co khi, Trirong Pai hoc Ky
thuat Cong nghiép da co nhitng dong gop quy bau trong
qud trinh bién soan va rat mong nhdan dwoc y kién déng

g6p cua doc gia nhitng vin dé con thiéu sét.
CAC TAC GIA



Chuong 1
GIOI THIEU VE CO CAU CAM

1.1. GIOI THIEU

Co cAu cam dugc sir dung rong rii trong nhiéu loai may
nhu str dung cho viéc dong mo sip pap cia dong co dbt
trong, str dung trong nhiéu loai may gia céng co khi. So
sanh véi co cu dang thanh, co ciu cam d@ thiét ké khi cho
yéu cau cu thé cua yéu cau ddu ra; tuy nhién co cdu cam
khé ché tao hon so véi co ciu dang thanh.

Chuong nay sé& dé cap dén cac khai niém co ban vé co
c4u cam. C4c loai co ciu cam va nhiing co ciu cam thong
dung thudng dung trong cac hé théng co khi.

Bang 1.1. Cac ky hiéu

Thot gian (s)

Goc quay truc cam (° hodc rad)

Vian tdc goc cua truc cam (rad/s)

RN | D ~+

Goc quay & mot giai doan cua cam (di xa,
ding xa, vé gan hoac dliing gan)

L Hanh trinh cta can (chiéu dai)

S (y) | Chuyén vi cia can (chiéu dai)

V (y’) | Van tdc cua can (chiéu dai/rad)

v (y) | Vantdc dai cua can (chidu dai/s)

A (y’”) | Van tdc cta can (chiéu dai/rad?)




a(y) | Giatdc dai ciia can (chiéu dai/s?)
J(y’”’) | Xung (chiéu dai/rad®)

Rp Bén kinh vong tron co so thyc (chiéu dai)

Rp Ban kinh vong tron co so 1y thuyét (chiéu dai)

R¢ Bén kinh con lan (chiéu dai)

€ Tam sai (chiéu dai)

p Ban kinh cong ctia bé mit cam thyc (chiéu
dai)

Pp Bén kinh cong ctia bé mit cam 1y thuyét
(chiéu dai)

1.2. CAC KHAI NIEM CO BAN VE CO CAU CAM

1.2.1. Khai niém va phan loai

Khdai niém co cdu cam

Co ciu cam 1a mot co ciu trong d6 khau bi din (dugc
goi 1a can) nbi véi khau dan (cam) bang khép cao va
chuyén dong qua lai theo quy luat do hinh dang ctia bé mat
tiép xtc trén khau dan quyét dinh.

Co cAu cam c6 thé duoc phéan loai theo nhiéu cach nhu:
theo chuyén dong clia can, theo hinh dang cta cam, phan
loai theo dang d4y can, cam chinh tim va léch tam.

Phén logi theo chuyén déng ciia cin

Tuy thudc vao chuyén dong cua can: can chuyén dong
tinh tién (Hinh 1.1a, b, d; Hinh 1.2a, b), can chuyén dong
quay hay lic (Hinh 1.1c; Hinh 1.2¢, d).

Phén logi theo hinh dang ciia cam
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Tuy theo hinh dang cta cam, trén Hinh 1.1 phan ra 4
loai cam nhu sau:

- Cam phing hay con goi 1a cam dia (Hinh 1.1a).
- Cam tinh tién (Hinh 1.1b).

- Cam thung (Hinh 1.1c).

- Cam mat (Hinh 1.1d).

Trong céc loai cam néu trén hinh Hinh 1.1a thi cam cam
dia dugc dung phd bién nhat, con cam tinh tién hiém khi
duoc sir dung bai vi dau vao thuong st dung dang chuyén
dong quay lién tuc.

Theo hinh dang ddy cin

Trén hinh Hinh 1.2 chi ra cac loai hinh dang d4y can

nhu sau:

- Can day nhon (Hinh 1.2a).
- Can d4y bang (Hinh 1.2b).
- Can day con lan (Hinh 1.2¢).
- Can day cong (Hinh 1.2d).

Loai cam: Cam chinh tam (Hinh 1.2b), cam 1éch tam

(Hinh 1.2a).

Trong qué trinh lam viéc clia co cdu cam phai luén dam
bao rang cam va can ludn tiép xtic voi nhau. Piéu nay co
thé duoc thuc hién béi phu thudc va trong lugng, hodc st
dung luc 10 xo, hodc 1a dugc rang budc boi két cau. Chéng
han nhu Hinh 1.1¢ su tiép xtc lién tuc cua cam va can
duoc thuc hién nhd vao két ciu cua ranh cam; hodc két



cau cua can nhu Hinh 1.3¢c. Mgt cach khac dé luon gitr ti€p
xuc gitra cam va can la st dung cam déu cit nhu Hinh 1.3a.

Cam )
Cam

(b)

Cam

Cam
)\

\ S Cin
Ocam :
- A o
J

16
Rgs

B ——

Y

Cin
() (d)

Hinh 1.1. (a) Cam dia; (b) Cam tinh tién;
(c) Cam thung; (d) Cam midt.



F77777
<

Cam Cam

(b)

Cam

©) (@

Hinh 1.2. Cam dia voi:
(a) Cam léch tam va can ddy nhon; (b) Cam chinh tém va
cin day bting; (¢c) Cam cén lic day con lin; (d) Cam cén lic
day cong.



Cam

(a) (b)

Hinh 1.3. Cac kiéu rang bugc tiép xuc cua cam va can

1.2.2. Cac khai niém co ban ctia co’ cau cam

§
Con lan = Can
Bién dang cam . Rs

ly thuyét _\ e
;

Bién dang cam
thuc

NN

-

Vong tron cd sd
ly thuyét

Vong tron cd sé N TR -+
thuc \

Cam

Hinh 1.4. Co cdu cam cin ddy, ddy con lin
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Gia sir xét co cAu cam can day, day con lan nhu trén
Hinh 1.4:

- Bién dang cam thyc va bién dang cam Iy thuyét (quy
dao duong tam con lan) dugc chi ra trén Hinh 1.4.

- Vong tron co s6 thuc (Rp): vong tron nho nhét tiép
tuyén véi cung Rmin cia bién dang cam thuc.

- Vong tron co so 1y thuyét (Rp): vong tron nho nhat
tiép tuyén voi cung Rmin ctia bién dang cam 1y thuyét.

Mot so giai doan chuyén dong cua can:

- Giai doan dung (dwell): 1a giai doan ma khong co
chuyén dong cta dau can hay cam quay nhung can
dung yén. Néu giai doan dimg ¢ gan tdm cam goi 1a
giai doan ding gan (doan AB trén Hinh 1.4); con néu
giai doan durng ¢ xa tdim cam goi 1a giai doan ding xa
(doan CD trén Hinh 1.4).

- Giai doan di xa (rise): la giai doan can chuyén dong
dan dan xa tAm cam (doan CB trén Hinh 1.4).

- Giai doan vé gan (return or fall): 13 giai doan cAn chuyén
dong vé gan tim cam (doan AD trén Hinh 1.4).

Tuy thudc vao yéu cau lam viée cta hé thong, chuyén
dong clia co cau cam c6 thé ¢ hai giai doan di xa - vé gan;
c6 thé c6 ba giai doan nhu di xa — vé gan — duing; hoic ¢
bdn giai doan nhu di xa — dimg xa — vé gan — dung gan;
hodc ¢6 nhiéu hon bdn giai doan 1a su két hop cta cac giai

doan trén tiry thudc vao yéu cau thiét ké.
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Chuyén vi ciia cin (displacement diagram)

Thong thuong hé théng st dung co ciu cam ¢ mot bac
tr do. Thuong din dong cho truc cam quay véi van tde
goc khong ddi dé tao ra chuyén dong mong mudn cua can.
Khi cam qua hét mot vong thi cin s& vach 1én mot quy dao
1a mbi quan hé goc quay cta cam 0(t) va chuyén vi cta
can y va dugc goi 1a chuyén vi ctia can. Trén Hinh 1.5 chi
ra chuyén vi ctia can cho co cau cam voi can chuyén dong
tinh tién gdm bdn giai doan: di xa — dung xa — vé gan —
dung gan. Gia tri 16n nhét ctia chuyén vi cin trong giai
doan di xa dugc goi 1a hanh trinh cua can (L) nhu chi ra
trén Hinh 1.4 va Hinh 1.5.

Céc goc quay ciia cam ung véi cac giai doan chuyén
dong cua can duoc goi la cac goéc dinh ky, ky hi¢u 1a £;.
Trén Hinh 1.5 cac goc dinh ky Sy, B2, B3, B4 tuong Gng
v6i 4 giai doan chuyén dong cua can: di xa, ding xa, vé
gan va dimg gan.

))
bi xa biing xa Vé gan bing gan

0 P pi Bi P

360°

Hinh 1.5. Chuyén vi ciia can
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. Chwong 2
BAI TOAN PHAN TICH

2.1. NOI DUNG VA PHUONG PHAP
2.1.1. N§i dung
Bai toan phan tich 1a bai toan cho trude hinh dang, kich
thude va quy luat chuyén dong ctia cam (cam quay véi van
tdc goc khong dbi). Tir d6 xac dinh chuyén vi, van toc, gia
tdc va xung cua can.
2.1.2. Phwong phap
Str dung phuong phap vé& dua vao viée dbi gia: tuong
tugng rang cam dimg yén va can s& quay v4i van toe goc
clia cam va nguoc chiéu vai chidu quay ciia cam.
2.1.3. Xac dinh chuyén vi ciia cin ctia mét s6 loai co
cAu cam thong dung
Cho co cdu cam chinh tdm can day day con lin véi cac
thong s6 ctia cam nhu trén Hinh 2.1.
Céc budc xac dinh chuyén vi cta can bang phuong
phap v& nhur sau thé hién trén Hinh. 21 nhu sau:

- Chia vong tron co s& 1y thuyét thanh nhicu
phan bang nhau (c6 thé khong bang nhau)
theo nguoc chiéu quay caa cam (0 — 360°);

- Chia dd thi chuyén vi can thanh cac doan
tuong ung voi goc quay cua cam;

11



- Po khoang cach tir diém trén vong trong co
s& 1y thuyét dén tdm con lan (trace point) tai
diém tuong Ung;

- Pat khoang cach d6 trén do thi chuyén vi tai
cac diém tuong tng;

- Néi cac diém twong tmg trén d thi chuyén vi
va duoc duong cong mé ta chuyén dong cia
dau can.

AN
P71

Tam con lan L / \

Bién dang cam 1y thuyét

Vong tron co s&

Bién dang cam thuc

Vong tron co s6 1y thuyét

Hinh 2.1. Chuyén vi ciia co cau cam can day dday con lin
chinh tam
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/7 Tém sai

Ly = Ui

L

/— Téam con lan

Bién dang cam thuc

I )
T

(=1

Bién dang cam Iy thuyét

Vong tron co so ly thuyél

Hinh 2.2. Chuyén vi ciia co cdu cam can ddy ddy con lin
léch tdm

Vi co cau cam can day day con lan léch tim Hinh 2.2

thi viéc xac dinh do thi chuyén vi nhu sau:

- Chia vong tron tdm sai thanh nhiéu phan (c6 thé bang
nhau hodc khong bang nhau) theo nguoc chiéu quay
cua cam (0 — 360°).

- V& cac tiép tuyén tai cac diém trén vong tron tim sai

(tiép tuyén chinh 1a phuong chuyén dong cua can khi

d6i gia) dé xac dinh cac diém trén vong tron co so 1y

thuyét va tim con lan.
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Phuong cua can

Vong tron co s&

Bién dang cam thyc

(DCam

Hinh 2.3. Chuyén vj ciia co cdu cam can diy ddy bing chinh tim

- Po khoang cach tir diém cit trén vong tron co so 1y

thuyét dén tAm con lan tai mdi vi tri va dat cac khoang

cach do trén duong tam chuyén dong cua can, ky hiéu

cac diém d6 lan luot 12 0, 1, 2, ..., 12. Tir d6 c6 thé dé

dang v& do thi chuyén vi ctia dau can.

V6i cam can dy day bang chinh tim chi ra trén Hinh
2.3, viéc xac dinh chuyén vi cia can cling tuong tu vdi cac
budc nhu sau:
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- Chia vong tron co s (1a vong trong nho nhét khi can
tiép xtic gan tAm cam nhat) thanh nhiéu phan (c6 thé bang
nhau hoic khong bang nhau) theo nguoc chiéu quay cia
cam (0 — 360°).

- Cac diém tuong tmg dugc xac dinh boéi phuong
chuyén dong ctia can va duong thang trén mit phang cua
can.

- Po khoang cach tir diém trén vong tron co s& dén
diém vira x4c dinh s& xac dinh dugc luong chuyén Vi cua
can. Tir d6 dé dang v€ duoc dd thi chuyén vi cla can.

Tam con lan

Bién dang
cam thuc

Bién dang
cam 1y thuyét

Vong tron co
56 1y thuyét

Hinh 2.4. Chuyén vi cua co cau cam can lac ddy con lin
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Véi cam can lac day con lan trén Hinh 2.4, v6i loai cam

nay chuyén vi cua can la chuyén vi goc va dugc xac dinh

nhu sau:

Xéc dinh duong tron tim day can voi tim 1 tim quay
cua cam, ban kinh 1a khoang cach tr tdim quay cua
cam va tdm quay ctia can va chia vong tron nay thanh
cac phan (c6 thé bang nhau hodc khong bang nhau)
theo chiéu nguoc chiéu quay cia cam (0 — 360°);
chéng han chia cac phﬁn tr 0, 1,2, ...12 nhu trén Hinh
24.

Tir cac diém chia trén vong tron tAm can quay cung
tron ban kinh 13 khoang cach tir tim can dén tdm con
lan va cit bién dang cam 1y thuyét & dau chinh 1a tim
clia con lan va cat vong tron co so 1y thuyét tai mot
diém trén mdi vi tri chia.

Cung chuyén vi ctia can duoc xac dinh 1a cung giita
diém tam con lan va giao diém trén vong tron co so Iy
thuyét vira xac dinh ¢ bude trén (nhin Hinh 2.4).

2.2. PO THI SVAJ

Do thi chuyén vi duoc xac dinh & phén trén. Nhu vay

chuyén vi cia can c6 thé dugc biéu dien bang phuong

trinh toan hoc theo goc quay cua cam theo phuong trinh

2.1)

S=y=y(0) 2.1)

16



Vi1 S (hay y) 1a chuyén vi cia can va 0 1a gbc quay cua
cam; thong cam quay vdi van toc goc khong doi. Do do
gbc quay cua cam c6 thé duge biéu dién béi:

0=0(t) = wt (2.2)

, . dae ~ . P
Véiw = prii const nén gia toc goc a. = 0.

L4y dao ham bac nhit phuong trinh (2.1) theo goc quay
cua cam s€ duoc
dy

V = y' = E (23)

Tuong tu dao ham bac 2, bac 3 phuong trinh (2.1) theo
gdc quay cua cam ta dugc:

d?y
A=v' =— 2.4
V' =252 (2.4)

n d3y

D6 thi biéu dién SVAJ c¢6 ¥ nghia rat quan trong khi
budc dau thiét ké co cdu cam boi phai chon ham toan hoc
cho phuong trinh chuyén vi ctia can dya vao cac yéu cau
van tc, gia téc va xung dau can theo goc quay (V, A, J).
Chon ham sao cho tranh vén téc, gia toc va xung co gia
tri 16n. Trén Hinh 2.5 va Bang 2.1 biéu dién d6 thi SVAJ
v6i 8 giai doan chuyén dong ciia can va thiy rang cé giai
doan ma gia tri cia xung dan dén vo cung va diéu nay thi
khong mong mudn trong thiét ké cam.
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\/\/ U/ |
tjf\f

TV

Hinh 2.5. Do thi SVAJ véi 8 giai doan chuyén déong ciia cin

Bang 2.1. Cic giai doan chuyén dong ciia cin

Gé
Gée o¢ ,
Giai uay tai auay Goc
Logi ham | "™ tia | dinh kp
doan diém s
: A diem )
dau (°) e
cuoi (°)
1 Cycloidal di xa 0 60 60
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2 | Ding 60 90 30

3 | Ham Sin cai 90 150 60
tién vé gan

4 | Dimng 150 180 30

5 | Thang cai tién 180 240 60
di xa

6 | Dung 240 270 30

7 | Ham diéu hoa 270 330 60
vé gﬁn

8 | Dumng 330 360 30

Céc phuong trinh (2.3), (2.4) va (2.5) thao luan & trén
1a dao ham theo gdc quay ciia cam 0. Diéu nay lién quan
dén mat hinh hoc cta co ciu cam. Bay gid hiy dao ham
phuong trinh bac nhit, bac hai va bac ba (2.1) theo thoi
gian lan luot s& duoc van toc dai, gia tc dai va xung. Cac
thong s6 d6 duoc biéu dién nhu sau:

Van téc dau can:

_ . _dy dy db
VEY TG T 4o at (2.6)
v=y=TVw

Tuong tu, gia toc dai va xung dugc viét:
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Chuong 3
BAI TOAN THIET KE

3.1. CAC BUOC CUA QUA TRINH THIET KE CAM

Céc budc cta qua trinh thiét ké cam dugc mé ta nhu
trén Hinh 3.1. Vi cac yéu cau thiét ké cam hay dic diém
thiét ké, chang han yéu cau vé chuyén dong dau ra (chuyén
ddng cua can), yéu cau vé gid tri van tdc, gia tdc trong qua
trinh chuyén dong ctia cam. Tir cac yéu cau thiét ké d6 thi
chung ta lya chon phuong trinh toan hoc mé ta chuyén
dong clia can va tir 46 x4c dinh dugce d6 thi SVAJ. Sau khi
xéac dinh dugc dd thi SVAJ hop 1y véi cac thong s6 dau
vao yéu cau thi dén budc tinh toan Iya chon cac kich thudc
hinh hoc ctia cam nhu d3 thao luin & phan trudce (ban kinh
vong tron co sd 1y thuyét, ban kinh con lan,...). Sau budc
nay la tinh dugc bién dang cia cam.

Vi du 3.1: thiét ké mot co cau cam dé didu khién qua
trinh khoan cua mdt may khoan chi ra trén Hinh 3.2 véi
cac yéu cau thiét ké nhu sau:

Thoi gian ctia mot chu trinh 13 20s. Vi tri ban dau: A.

- Tién mii khoan: 25 mm trong 5s. B-C.
- Dung: 5s dé hoan thién 16 khoan. C-D.
- Rat miii khoan: 25 mm trong S5s. D-A.
- Ding: Chd gia cong chi tiét tiép theo 5s. A-B.
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Pic diém thiét ké

Ham SVAJ

A

Do thi SVAJ

y

Kich thudc cam

A 4

Bién dang cam

Hinh 3.1. Cic buwéc thiét ké cam

A-B B-C
Chi tiét Miii khoan
gia cong tién vao
D-A
Rut mui
khoan

C-D
Dung E

Hinh 3.2. Yéu cdu thiét ké cam sir dung cho mdy khoan
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Tt yéu cau lam viéc ciia may khoan, co ciu cam can
thiét ké voi 4 giai doan: dimg gan (dimg), di xa, dung xa
(dirng) va vé gan duoc biéu dién nhu Hinh 3.3. Nhu vy
can thiét phai chon ham toan hoc dé biéu dién cho giai
doan di xa va vé gan cho co cAu cam nay.

Gia st ban dau khi thiét ké chua dé y dén cac diéu kién
vé anh huong ctia cac gia tri cuc tri ciia van tdc, gia tdc,
va xung. Dé don gian ta chon phwong trinh toan hoc biéu
dién cho giai doan di xa va vé gan la dudng thang nhu chi

ra trén Hinh 3.4 va duge viét nhu sau:
y=S=mx+b (3.1)

Dé dang tim dugc van tde, gia tdc va xung duogc biéu
dién Hinh 3.4.b, ¢, d. Thiy rang, trong truong hop nay,
van toc 1a héng s6 va tai cac diém bién (diém chuyén tiép
giita cac giai doan) s& xuat hién sy khong lién tuc. Do do,
gia tri van toc va gia ¢ cac diém d6 bang vo cung. Diéu
nay c6 thé thiy rang khi gia toc bang vo cung thi luc quan
tinh ciing bang v6 cing. Do d6 tng suét rat 16n va gy ra
mon rat nhanh. Hon nita, gia tri xung 16n s& gdy ra rung
dong 16n. Pay 1a nhimng thtr khong mong mudn cho hé
thong 1am viéc. Do d6, khong mong mudn khi thiét ké

cam.
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S Tbing gan .~ Pbixa | Pungxa K Végin ,

0 ' 000 soe | 50° 6
1 190 1180 L 270°  360° 0

V ' : :

0  90° 180° i 270°  360° @

A i i E

0 : 90° 180° L2700 360° @
A i : ' :

J i |

0  90° 1180° 1 270°  3p0° @

Hinh 3.3. Cdc giai doan chuyén dong cua cdn
cho co cdu cam ding trong mdy khoan

3.2.NGUYEN LY CO BAN KHI THIET KE CAM

3.2.1. Nguyén ly:

Cdc ham vin toc, gia téc phdi la nhitng ham lién tuc
trong sudt thoi gian chuyén dong ciia cam (360°).

Néi cach khdc, cac do thi S, Vva A khong diroc co buoc nhay.

3.2.2. H¢ qua:

Gid tri xung phdi dwoc gici han trong sudt thoi gian
chuyén déng ciia cam (360°).
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Khi thiét ké cam néu ham véan tdc ton tai bat ky su
khong lién tuc ndo s& dan dén gia tri v cung & ham gia
tdc; trong tu khi ham gia toc khong lién tuc s& dan dén
gia tri v cung cua xung. Do d0, trong truong hop thiét
ké nay néu sir dung ham da thtrc thi ham da thuc it nhat
phai 1a ham bac 3 moi théa man dugc nguyén ly nay.
Trong phan tiép theo s& thao luan vé cac ham toan hoc
co ban dé mé ta chuyén dong cua can.

S

Ping gdn  Pi xa Plrng xa Ve gan
L f
v : ' v
A 190° 1180° 270° 1360° O
V ! H H E
$ > 5 s
) Pa nY fl;\ f:\
A E d ")
> i ; = A
® & ; D &
] l . l o0

Hinh 3.4. D6 thi SVAJ cho thiét ké ‘khong hop 1y’
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Chuong 4

CAC HAM TOAN HQC CO BAN MO TA
CHUYEN VI CUA CAN

4.1. HAM PIEU HOA PON GIAN (Simple Harmonic)
4.1.1. Ham dieu hoa cho giai doan di xa

B2 B0

;sz ‘B0

Hinh 4.1. o thi SVAJ ciia ham diéu hoa don gidn cho
giai doan di xa
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Phuong trinh biéu dién chuyén vi, van tdc, gia toc va
xung ctia can cho giai doan di xa duoc mo ta trong phuong
trinh (4.1) va do thi SVAJ duoc biéu dién trén Hinh 4.1.
V&i ham nay thi gia tri gia tbc ¢ hai diém bién khong bang
0 (xem trén Hinh 4.1). Gia tri gia tdc tai hai diém nay dan
dén vo cung.

L o

y=5=5<1—cos?)

, ., _nL mf

y —V—ﬁsmf

. 2L 6 @.1)
y ZAZWCOS?

. m3l  mh
y =]=—ﬁ51n?

4.1.2. Ham diéu hoa ci tién cho giai doan di xa

Gia toc clia ham diéu hoa tai vi tri diém dau va diém
cubi c6 budc nhay nén gia tri xung tai hai diém nay s&
bang vo cung. Vi vay, ham diéu hoa cai tién duoc dua ra
cho giai doan di xa (phuong trinh (4.2)) véi gié tri gia toc
& diém dau tién bang 0 duoc chi ra trén Hinh 4.2. Do d6
gia tri xung tai diém dau ciia ham diéu hoa cai tién nay
cling bang 0. Tuy nhién, gia tri gia toc cta diém cudi 1a
mot gia tri xac dinh ; vi thé gia tri xung tai diém nay rat
16n (dan dén vo cung).
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Hinh 4.2. D6 thi SVAJ ciia ham diéu hoa cdi tién cho
giai doan di xa

Phuong trinh ham diéu hoa cai tién cho giai doan di xa
duoc chi ra trong phuong trinh (4.2) nhu sau:
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y=S=%[(1—cos7%9)

— %(1 — cos%)]

, nlL 1 m0 1 2n6
y =V=ﬁ(sm———sm—>

B2 B (4.2)
., 2L L) 210

y =A=F(COSF—COST)
e . mL g 7l - 2mO

y —]——2—33 (sm?—ZsmT>

4.1.3. Ham diéu hoa cho giai doan vé gin

Cho giai doan vé gén, ham diéu hoa don gian duoc viét
boi phuong trinh (4.3) va dd thi chuyén vi, van tdc, gia tde
va xung chi ra trén Hinh 4.3.

L o
y=5=5<1+cos—)

B
vy nl w6
=V =—-——sin—
Y 28 *"B ws)
g 2L o :
y'=A= 257 cosﬁ
. _n3L - 1o
y _]_2,83sm,8
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Hinh 4.3. Do thi SVAJ ciia ham diéu hoa don gidn cho
giai doan vé gan
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4.1.4. Ham dieu hoa cai tieén cho giai doan ve gan

0 i B2 iB o
\%

o ;BI'Z B 0
A i :

Hinh 4.4. D6 thi SVAJ ciia ham diéu hoa cdi tién cho
giai doan vé gan

Tuong ty ham diéu hoa cai tién cho giai doan vé gan
duoc chi ra trong phuong trinh (4.4) va d6 thi SVAJ trén
Hinh 4.4.

1

y=S =§ [(1 + cos%g) _Z<1 —cos?)] (4.4)
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, L ( - ml 4 1 27'[6?)
vy =V=——|(sin—+=sin—
2p B2 B
., 2L o
y = _Z_BZ (COSF
4 27'[6)
c0S —
B
- 71'3L( , 7T9+2 , 27t0)
y'" =] =—|sin— sin——
2p3 B B
4.1.5. Nira ham diéu hoa
V4 L.V ; s
A f:’”— =S ~ :
-."....-.,"""ﬂ_'-‘i’.- S i\s\\\ :
k& ................... ‘;
\\\"""---.. R ////
] : :“T"' ------- —
(a) (b)

Hinh 4.5. Do thi SVAJ ciia ham diéu hoa cho nira doan
trong giai doan di xa

Ham diéu hoa cho nira doan trong giai doan di xa gdm
2 dang dugc xac dinh trong phuong trinh (4.5) va (4.6) goi
1a ntra ham diéu hoa (half-harmonics). Cac ham nay dugc
biéu dién trén Hinh 4.5 a cho phuong trinh (4.5) va Hinh
4.5b cho phuong trinh (4.6). Cac ham nay thuong duoc
dung dé chuyén tiép giira cac ham.
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o
y=S=L<1—cos—)

2p
, nl  mo
y =V = ﬁ smﬁ
., 2L 0 (4.5
y' ' =A= 4_32 cosﬁ
) mil  no
y'=]= _8_[33 smﬁ
va:
- w6
y=8S=1L smﬁ
, nL o
y =V= 25 525 (4.6)
., m?ll  mf
y ' =A= —4—B2 smﬁ
) 3L h
y'=]= _8_,83 cosﬁ

4.2. HAM CYCLOIDAL (cycloidal)

4.2.1. Ham cycloidal cho giai doan di xa

Phuong trinh biéu dién chuyén vi, van tdc, gia toc va
xung cua can dugc mé ta trong phuong trinh (4.7) va dd
thi SVAJ duoc biéu dién trén Hinh 4.6. Nhin vao Hinh 4.6
ta thdy gid tri van tdc, gia toc tai hai bién déu bang 0. Tuy
nhién cac gia tri cuc tri cua van toc, gia tdc va xung voi

34



ham cycloidal 16n hon cac gid tri cuc tri cia ham
harmonic.

i B2

Hinh 4.6. Po thi SVAJ ciia ham cycloidal cho giai doan di xa
Phuong trinh ham cycloidal:

oyt (1 zne> (4.7)
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2nL  2m0

y'=A4=—- sin—
B? B
oy 412 216
y'"=]=- cos
B3 B

4.2.2. Ham cycloidal cho giai doan vé gin

S

52 ip o

EBJZ ‘B0

tB2 B 0

Hinh 4.7. o thi SVAJ ciia ham cycloidal cho giai doan vé gin

36



Ham cycloidal cho giai doan vé& gin dugc trinh bay
trong phuong trinh (4.8) va d6 thi SVAJ trén Hinh 4.7.

—S—L(l 9+1 _2n9)
y=8§= ; 27Tsm 5
r=y L (1 2719)
y =V=—=1|1—-cos—
B B 48)
"o A 2nl ~ 2m6 '
y'=A=——- sin—
p? B
Ar?L 210

yIII=]= 33 cos ﬁ

4.2.3. Nwra ham cycloidal cho giai doan di xa

Bén canh nira ham diéu, nra ham cycloidal ciing rat
hiru ich boi gia tri gia tbc bang 0 & tai cac vi tri bién.
Phuong trinh nira ham cycloidal gém 2 dang dugc xac
dinh theo cac phuong trinh (4.9) va (4.10). P6 thi chuyén
vi, van tdc, gia tdc va xung dugc chi ra trén Hinh 4.8

6 1 nb
y=S=L(———sm—)

p m B
y’=V=%(1—cos7%9)
y'=A= L sinn—e “
Bz B
" n?l 7o
y'=]= _F cos?

va
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S=1L (9 + 1 7'[9)
y=5=L\;t+=-sin—
18 T ﬁ
L [(47)
y’:V:— (1+COS—)
’ A (4.10)
" A L ) 0 .
y =4=——75Sin—
B? 8
" ] T[ZL 0
y = = ——— CcOS—
B3 B
L V_-—" L s . _
D "ﬁ_—:_}{*" S | VoSS, A //
NN "/
;'l' // ¢ \“‘ E \J\
"' ”, "‘\E / \\s'-
0 \ : poo 0 3'...‘ /
\ o/
N A
N /J/ "
(a) "

Hinh 4.8. Do thi SVAJ ciia ham cycloidal cho niva doan
trong giai doan di xa

4.3. PO THI GIA TOC KHONG POI

Do thi dang gia toc khong doi duge chi ra trén Hinh
4.9. Ham nay c6 dic diém la cho gia tri gia toc nho.
Tuy nhién, ham gia toc lai khong lién tuc & cac vi tri
bién, do d6 gia tri xung s& bang vo cung tai cc vi tri
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bién d6. Nén ham nay ciing khong duoc dung dé thiét
ké trong trudong hop vi du trén.

A bixa ,
bling gan ! : , bungxa .
AITIE]X _______________ : : E E
: 0! g
Anmin :r ---------------- preseeeeeseaaaa ; B E 0
\ : I !
] : ! ! :
o20] ! 1
: w 1
0 b0
o A

Hinh 4.9. Do thi gia téc khong doi

4.4. PO THI GIA TOC DANG HINH THANG

Do thi gia toc dang hinh thang 1a mot dang ham toan
hoc ma c6 giai doan chuyén dong voi gia tdc 1a hang sb.
Dang gia toc 13 hang sé v&i muyc dich 1a 1am giam gia tri
cuc tri cua gia tdc dé lam giam lyc dong trong bai toan
dong luc hoc. Voi dd thi gia tdc dang hinh thang dugc
cai tién tir d6 thi gia tbc khong doi va duoc chi ra trén
Hinh 4.10. Ham biéu dién gia toc cua dang hinh thang
nay la ham lién tuc. Tuy nhién, gia tri gia toc 16n hon so

39



vo1 dang dd thi gia tde khong d6i. Hon nita, ham xung la
ham khéng lién tuc. Diéu ndy giy anh huong dén rung
dong ctia hé thong.

Gia téc dang C;‘lg toc la
hinh thang ang so
E 0
r 0

Hinh 4.10. Do thi gia téc dang hinh thang

4.5. DANG PO THI HINH THANG CAI TIEN

Pé cai thién nhugc diém cua dang d6 thi hinh thang va
mong muén dd thi xung 1a lién tuc thi ngudi ta thay thé
ham béc nhat cta do thi gia téc hinh thang bang mot phan
ctia do thi gia tdc dang séng hinh sine dugc chi ra trén
Hinh 4.11. Nhu vy dang d6 thi hinh thang cai tién 1a su
két hop cua nhiéu dang phuong trinh khac nhau. Viéc két
hop nay can luu ¥ tai nhitng diém ndi giita cac phuong
trinh sao cho cac ham van tdc, gia toc va xung 1a lién tyc.
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Phuong trinh dang d thi hinh thang cai tién mé ta chuyén
vi, van tbc, gia toc va xung trong giai doan di xa trong cac
cong thie (4.11), (4.12), (4.13), (4.14) va (4.15). Uu diém
ctiia dang d6 thi nay 1a gia tri cuc tri cua gia tbc nhd ma
ham xung lién tuc. Dang dd thi nay thudng duoc sir dung
cho dang cam véi 2 giai doan ding. D6 thi SVAJ chi ra
trén Hinh 4.12.
Phuong trinh d thi hinh thang cai tién:

- V6i0<O <

0
y=§=1L (0.38898448—

B
41O
— 0.0309544 sin 7)
L 410
y' =V = 0.38898448 — (1 — cos —) 4.11)
B B
"=A = 4888124 L g 28
y'=A4=4. — sin——
p? B
"=]=61.425769 L am6
y'"' =] =61. — COS——
B3 B
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A

Lay hinh sin
dang song

Chia hinh sin
dang séng
thanh 3 doan

B2

L&y 2/8 dd thi
gia toc la
hang s6

A
Két hdp
dugc do thi
sin cai tién

do thi gia téc dang hinh

tao

)

Hinh 4.11. Sw két hop d

thang cdi tién

3ol [ee]

Vi

1
E'BSB

Véi
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9 2
y=8S=1L <2.44406184 (E>

0
- O.22203097E

+ 0.00723407>

(4.12)
L 7]
y'=V== (4.888124— — 0.22203097)
B B
144 L
y'=A = 4.888124ﬁ—2
yIII =] — 0
,. 3 5
- Voi gﬁ <0< gﬁ
0
y=S8S=1L (1.6110154E
41l
— 0.0309544 sin (— — n)
B
— 0.3055077) (4.13)
L
y'=V =—=11.6110154
B
410
— 0.38898448cos (T — n))
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yII=A

ylll — ]

48881242 si (4”8 )
= 4, — Sin|\——T
p? B
61425769 (4”9 )
= . — COS|\——— Tt
g3 B

,. 5 7 5.
- Vo EﬁSQSEﬁ.

0
y=8S=1L (—2.44406184 <E)

2

0
+ 4.6660917E — 1.2292648)

L 0
"=V == (—4.888124E + 4.6660917)

B

L
= —4.888124 F

Vi I <0 <P

y =S5

0
=1L (1.6110154 + 0.38898448E

41l
+ 0.0309544 sin (T — n)

- O.3055077>
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L
y' =V =0.38898448— (1

B
4 (4719 3 )
COS\——— om
B
"=A 4.888124 Lo (4n9 3 )
y ' =A=-4. — sin|{———3m
p? B
L 410
y’” =] = —61.425769[3 cos (T - 37'[) .

4.6. GIA TOC DANG HINH SIN CAI TIEN

Nhu trén dd thay rang ham sine (cycloidal) c6 uu
diém 1a ham cong tron lién tyc va co gia tri xung nho so
v6i cac ham gia téc dang hinh thang cai tién; tuy nhién,
gia tri cuc tri lai 16n hon. Vi thé, két hop hai ham séng
hinh sine khac nhau vé tan sb d6 la mot ham co tan sd
cao hon ham sine con lai (nhin Hinh 4.13). Nhu trén
Hinh 4.13, sy két hop cua ¥ dau va ¥ cudi caa ham sine
¢6 tan s cao, chu ky ngan (B/2) duoc sir dung & phan
dau va phan cubi ctia ham sin cai tién.

Tiép theo d6 1a nira giita ciia ham sin voi tan so thap,
chu ky dai (3p/2) duogc sir dung cho phan giita cia ham
sin cai tién. Su két hop nay s€ lam giam gia tri cuc tri
cua gia toc. Hon nita, sy két hop nay con 1am giam gia
tri cuc tri cta van tdc so sanh véi ham cycloidal va ham
gia toc dang hinh thang cai tién.
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Hinh 4.12. Do thi SVAJ ciia dang hinh thang cdi tién

Phuong trinh mé ta chuyén vi, van tdc, gia tbc va xung
dugc chi ra trong cac biéu thirc (4.16), (4.17) va (4.18).
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- V6i0<0<p

0
y=S=L (0.43990085—

B
~ 4mo
—0.0350062 smT>
L 41l
y' =V =0.43990085— <1 — cos —) (4.16)
B B
"= A = 552795712 sin 27O
y'"=A=5. — sin——
B2 B

41l

L
y"" =] =69.463577 — cos
p? B

e 1 7 5.
- Véi gﬂﬁgﬁgﬁ.

0
y=S8S=1L1L (O.28004957 + 0.43990085 =

B
0.31505577 (4”9 ”)
. coS 3'8 5
: L 4.17
y =V = 0.439900855 1 (4.17)

+ 3sin <% — %))

L 40 m
y" =A=5.5279571— cos( )

36 6
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2] = 231553 '(4”9 ”)
y'=]= . B3SLn 386

- Véi B <O <p:

0
y=8S=1L <0.56009915 + 0.43990085 —

B
~ (47n0O
—0.0350062 sin (— - 27t>
B
L 4l
y' =V = 0.43990085~ (1 — cos (L _ 27'[) (4.18)
B B
"= A = 55279571 si (4”9 2 )
y"=A=5. —sin|———2m
p? B
L 41O
y'"=]= 69.4663577ﬁ—3 cos (T — 27r)

4.7. HAM PA THU'C

Ham da thirc 13 ham dugc dung pho bién trong thiét ké
co cAu cam bai vi no linh hoat trong vi¢c thiét ké véi céc
nhiéu yéu cau dau vao cia co cdu cam. Ham da thirc mo
ta cho chuyén vi ctia can duoc viét theo goc quay ciia cam
0 va goc dinh ky f.
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A

Léy hinh sin

dang séng #1
chu ky /2

0

A )
Lay hinh sin |
dang song #2 |
chu ky 33/2

0

A

L&y 1/4 d3u va
1/4 cudi cia #1

0

A

L&y phan th 2 va
phan thir 3 cua #2

0

A
Két hop cac phan
1dy ra dudc
sin cai tién

0.

e Lo

Hinh 4.13. Sw két hop dé tao thanh gia téc hinh sine cdi
tién
Ham da thirc bac n duoc viét dudi dang phuong trinh
toan hoc nhu sau :

2 3
y=s=co+01%+c2 (g): Cs (g) .
+ 4 Cp (%
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Céc hé s6 Cy, Cy,Cy, ..., C, trong phuong trinh (4.19)
12 4n s6; bac cia ham da thuc 14 bac n thi sb 4n s& 1a (n+
1). Vi¢c lya chon bac cua da thuc phu thude vao s6 diéu
kién bién (boundary conditions). Néu k 1a s6 diéu kién
bién cua yéu cau thiét ké thi bac tu do cua da thire s& 1a
n=k-1.

4.7.1. Ham da thirc bac 5

Quay lai véi vi du thiét ké co ciu cam sir dung cho may
khoan trén Hinh 3.2 v6i 4 giai doan chuyén dong cta can.
Néu Iyra chon ham da thirc mo ta cho giai doan di xa (rise)
va vé gan (fall). Chang han ¢ day thiét ké cho giai doan di
xa, nhin trén Hinh 3.3 v&i giai doan di xa, chiing ta s& thay
ham da thirc nay s& phai thoa man 6 diéu kién bién, k = 6,
dé thoa méan nguyén 1y co ban khi thiét ké cam 1a cac ham
chuyén vi, van tdc, gia tde phai lién tuc. Tt 6 diéu kién
bién thi ham da thirc can thiét cho giai doan di xa s& 1a da
thirc bac n = 5.

Séu diéu kién bién cua giai doan di xa co thé viét:

- Khif=0thi§S=0,V=0,4A=0
- Khi@=pthiS=L V=0,4=0

Tu phuong trinh ham da thtc trong (4.20), phuong
trinh biéu dién chuyén vi, van tdc va gia téc nhu sau:
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3

y=s=c+ar+a(3) +a ()

4 9 5

re(3) +a ()
y’=V=%lC1+2C2%+3C3<%)
Hqgﬁm@j
y'=A= l;FQ+6QZ+1u;€)

+206,(3) |

Thay 6 diéu kién bién vao cac phuong trinh trong (4.20)

2

(4.20)

2

lan luot ta dugc hé 6 phuong trinh:

0=C,+0+0+0+0+0

1
0==[C;+04+04+0+0+0] 4.21)

r—xm

BZ[ZCZ+0+O+O+O+O]
L=Cy+C;+Cy+C3+Cy+Cs

0 = [Cl + 2C2 + 3C3 + 4C4 + SCS]

1
B
1
BZBQ+4xg+1m;+20Q]
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Giai hé 6 phuong trinh (4.21) ta dugc cac h¢ s6 cua
phuong trinh chuyén vi nhu & céng thic sau:
CO=C]_= sz 0, C3=10L,

C, = —15L; C5 = 6L

Nhu vay tim duge cic phuong trinh mé ta chuyén vi,

(4.22)

van tdc, gia toc va xung nhu ¢ cong thirc sau:

4

y:S:L[m(g)g_ls(g) +6(g)5]

2 3

y' =V =%[30(g) —60(%)
+ 30(/%)“]

(4.23)

+120(3)

"=_= L 60 3606 360 AN
" =1=gr|0-3005 + 30 (g) |

Nhan thay rang, phuong trinh chuyén vi bac 5 véi cac
diéu kién bién nhu thao luan & trén chi chta cac bac 3, 4
va 5 (xem phuong trinh (4.23)) nén dugc goi 1a ham da
thirc 3-4-5. Tir cac phuong trinh (4.23), d& dang biéu dién
d6 thi chuyén vi, van tdc, gia tc va xung ctia ham da thirc
bac 5 nhu Hinh 4.14.
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Hinh 4.14. Do thi SVAJ ciia ham da thirc bic 5

4.7.2. Ham da thirc bac 7

Néu st dung ham da thurc bac 7 cho thiét ké co cdu cam
thi s6 cac diéu kién bién 1a 8 va khi d6 ngoai 6 diéu kién
bién nhu da néu ¢ phan da thirc bac 5 thi d6i voi da thuc
bac 7 can thém 2 diéu kién bién vé gia tri ctia xung tai vi
tri diém dau va diém cudi cua giai doan di xa bang 0. Tur
8 diéu kién bién d& dang xac dinh dugc 8 hé s6 trong ham
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da thuc bac 7. Va ham da thirc bac 7 cling chi chtra cac
bac da thuc 4, 5, 6 va 7 nén ham nay duogc goi la ham da
thirc 4-5-6-7 va ham da thirc nay dugc xac dinh trong
phuong trinh (4.24).

y=s=sfas () o 3) +o(()
=l

v =v=gluo(g) (3
o (G) - su0(()’|

' = a =5 s20(3) - 1600 5)
ez (g) e (3)

=) = o0 5040 (3)

+o400(3) —4200(3) |

4

(4.24)
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Hinh 4.15. Dé thi SVAJ ciia ham da thirc bic 7

4.7.3. Ham da thirc bac 8

Ham da thuc bac 8 cho giai doan di xa duogc viét dudi
dang trong phuong trinh (4.25). B thi SVAJ dugc chi ra
trén Hinh 4.16.
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Hinh 4.16. Po thi SVAJ ciia ham da thirc bic 8

Ham da thtc bac 8 ¢ gia tri gia toc tai diém dau bang
0, nhung diém cudi khac 0. Nguoc lai véi gia tri xung, cod
diém dau khac 0 va diém cudi bang 0.
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y=S=1 [1 26315 (g) +2.78055 (g>5

+ 3.17060

6

N

—6.87795

+ 2.56095

—_—~ LN
S S~
D> R |

8
)|
y' =V= —£[5.268309 —13.90275 (9>
B B B

4

5

—19.02360 (%)

9
+ 48.14565 <E>

— 2048760 (%ﬂ

6 (4.25)

3

L 6
"=4=——15.26830 — 55.61100 (—)
Y B? l I

— 95.11800 (g)

9
+ 288.87390 <E>

— 143.41320 (%)6]

4

5
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2

Y= = %[166.83300 (g)

0
+ 380.47200 (E)

3

4

0
— 1444.36950 <E>

+ 860.47920 (%)T

Nhu vdy thay rang ham da thac 1a ham rat linh hoat
cho qua trinh thiét ké cam bodi n6 c6 thé thoa man khong
gi6i han cac diéu kién bién. Tuy nhién véi nhirng ham
da thirc bac cao co thé xuét hién cac dao dong. Cac dao
dong nay lam cho gia tri cta vén tdc, gia téc va xung
16n. Vi vay khi tinh toan thiét ké cam can dé y dén diéu
nay khi st dung ham da thtrc bac cao. Véi tinh linh hoat
cua ham da thtrc thi day la mot trong nhirng ham dugc
str dung rong réi trong qua trinh thiét ké co cu cam.

Trén Hinh 4.17 md ta dd thi chuyén vi cua can voi 3
loai cam. Tir hinh v& nay thdy rang, dudng cong mé ta
chuyén vi trong giai doan di xa voi chiéu cao nang 1a L va
goc dinh ky P khong khac nhau nhiéu. Tuy nhién, dén dd
thi md ta van tc chi ra trén Hinh 4.17 thi ¢6 su khac nhau
rat rd rét & cac gia tri cyc tri cua van tdc. Tur Hinh 4.17,
gia tri cuc tri cia van tdc véi ham da thire 4-5-6-7 ¢ gia
trj 1on nhat, 1an luot dén cac ham cycloidal, ham thang cai
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tién, ham da thirc 3-4-5 va cubi cung nho nhat 13 ham sine
cai tién.
4.8. SO SANH PO THI SVAJ CUA CAC HAM CO BAN

Hinh thang cai tién

Cycloidal
Sin cai tién

B2 | Bi o
Hinh 4.17. So sdnh do thi chuyén vi ciia cin

Hinh 4.19 va Hinh 4.20 so sanh cac duong cong mo ta
gia tdc va xung cua mat s6 loai ham toan hoc nhu: ham da
thirc 4-5-6-7, ham cycloidal, ham thang cai tién, ham da
thirc 3-4-5 va ham sine cai tién. Nhin hinh v& nay thay
rang, mic du dudng cong mo ta chuyén vi cua cac dudng
khong bién d6i nhiéu nhung duong cong mé ta gia toc va
xung thi ¢6 su thay doi 16n.

Gia trj van tbc, gia tdc va xung 16n nhat cua cac dudng
cong nay duoc thé hién trén bang Bang 4.1.
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Da thic 4-5-6-7

: Da thiic 3-4-5
A\ Hinh thang cai tién
Cycloidal
i A Sin cai tién
0 § :
B2 B: 0
Hinh 4.18. So sanh do thi vdn toc
Da thifc 4-5-6-7
A !
Cycloidal
ba thirc 3-4-5
Sin cai tién
Hinh thang cai tién
0

Hinh 4.19. So sinh do thi gia toc
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Sin cai tién
Hinh thang cai tién

i Dathic 3-4-5 |
/ H ;

Da thirc 4-5-6-7

_——— Cycloidal

|’/

Hinh 4.20. So sdnh do thi xung

Bang 4.1. Gia tri 16n nhit vé van tdc gia téc ciia mot

s0 loai ham co ban

Ham Max. vin|Max. gia| Max. | Nhdn xét
toc toc xung
Gia toc 2L/B 4 L/B* |Vé cung | Khong nén
khong doi dung
Piéuhoa |1.571 L/B| 4.945 |V6 cing| Khong nén
L/p? dung
Giatéc dang | 2L/B | 5.3 L/p?| 44 L/B® | Khong tot
hinh thang bang ham
thang cai
tién
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Thang cai 2 L/P 4.888 | 61 L/p’ |Gia tdc nhod
tién L/B? nhung ham
xung khong
cong tron.
Sine caitién | 1.76 L/B | 5.528 | 69 L/B* | Van tdc
L/p> thap
va gia toc
tot
Pathac |1.857 L/B| 5.777 | 60 L/B? Tét
3-4-5 L/p
Cycloidal 2L/B 6.283 | 40 L/B* | Buong gia
L/p? tdc va xung
cong tron
Dathac |2.188 L/B| 7.526 | 52 L/B° [Pudng xung
4-5-6-7 L/p? cong tron
nhung gia

tri gia toc

16n

4.9. PHOI HQP NHIEU DANG HAM TOAN HQC CO
BAN KHAC NHAU CHO PO THI CHUYEN VI

O phan trén thao lun vé cac ham toan hoc co ban sir

dung dé mo ta chuyén dong ctia can. Trong phan nay trinh
bay cach thirc phdi ham cac ham d6 d¢& mo ta mot chuyén

dong cua can thoa man mot yéu cau cho trudc voi nhicu
giai doan khac nhau.
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Trong qua trinh ndi cac giai cdc ham cua cac giai doan
thi can théa man dinh 1y co ban vé thiét ké cam do 1a
duong cong mé ta cac ham chuyén vi, véan tdc, gia toc phai
la nhttng ham lién tuc. Pudong cong mo td ham xung cé
thé 1a khong lién tuc néu can thiét; nhung khong c6 gié tri
nao bang vo cung. Hon nira, gia tri 16n nhét cta van toc
va gia toc ludn gitr dé dat gia tri nho nhét co thé.

Vi du 1: Thiét ké mot co ciu cam can chuyén dong tinh
tién duoc din dong véi van toc goc khong ddi cua cam
bang 150 (vong/ph). Chuyén dong ciia can bat dau tir vi tri
dung, sau d6 dugc tang tdc dé dat van tdc 25 in/s. Van toe
nay duoc duy tri trong sudt khoang nang 1.25in, sau d6
tiép tuc di chuyén dén dinh cua gia doan di xa, rdi chuyén
sang gia doan vé gan va cudi cung 1a giai doan ding trong
khoang 0.1s. Tong hanh trinh nang 14 3.0in. Hay xac dinh
dd thi chuyén vi cta can?

Loi giai:

> Tir yéu cau dau bai ¢ thé dé dang biét duoc cam
can thiét ké co ba giai doan: di xa - vé gan - va dtmg gan
(nhin Hinh 4.21). Trong giai doan di xa thi chuyén dong
ctia can duoc chia 1am 3 giai doan: can di xa voi khoang
nang 1a L; (doan AB) véi goc dinh ky Bi; sau d6 van toc
ctia can duoc duy tri trong khoang nang L, = 1.25in (doan
BC) v6i goc dinh ky Ba; va doan 3 1a doan CD can chuyén
dong dén cudi giai doan di xa v6i tong hanh trinh ning la
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Ls4=3in véi goc dinh ky Bs. Giai doan vé gan DE véi goc
dinh ky Ba, va giai doan dtng gan EF vé6i goc dinh ky Bs.

» Tu dit liéu ddu bai, tinh duwgc mot sb céc thong )
nhu sau:

- Téc d6 cam: » = 150 (vong/ph) = 15.70796 (rad/s)

- Sir dung mbi quan hé trong phuong trinh (2.6) tinh
dugc van tdc cua can theo goc quay:

L,y 25in/s )
Y = T 1570796 radys 100100 (in/rad)
- Trong giai doan BC, van toc 13 hiang sd nén ham

toan hoc cta chuyén vi phai 1a duong thang voi hé sd goc
1a van tdc ctia can theo goc quay. Do d6, goc dinh ky trong
giai doan BC la:

L, 1.25in .
B2 = 37 =T5o155m/raq ~ 07824 (rad) = 45

- O gia doan dimg gan EF (dimg), thoi gian dimg trong

0.1s thi géc dinh ky trong giai doan nay dugc xac dinh:
S=0.1s * 15.70796 rad/s = 1.570796 rad = 90°
V6i giai doan BC van tdc 14 hang s6 nén gia toc va xung
bang 0; gia doan dung EF thi ca van tdc, gia toc déu bang
0 (nhin Hinh 4.21). Pay 1a co s& dé chon ham chuyén cho
cac giai doan con lai. Ddi chiéu v&i cac ham da thao luan
& phan trén, thi doan AB chon 14 nira ham cycloidal trong
phuong trinh (4.9) véi van tdc va gia toc diém dau (diém
A) bang 0 va diém cudi (diém B) van tdc bang
1.59155 (in/rad); con gia toc tai diém dau va diém cudi
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déu bang 0. Bé dudng cong xung khong cé budc nhay thi
doan CD duoc chon 1a ntra ham diéu hoa nhu chi ra trong
phuong trinh (4.6). Con doan DE chon ham diéu hoa cai
tién cho giai doan vé gan nhu dugc chi ra trong phuong
trinh (4.4).

Sau khi chon cac ham biéu dién cho tung giai doan, thi
viéc xac dinh khodng nang va cac goc dinh ky cua tung
giai doan. Tl cac thong s di biét, cAn xac dinh 5 thong
Sé: Ly, Ls, B], B3, va ﬁ4.

Tir phuong trinh (4.9), tai diém (61/p1 =1), van tdc tai
diém B s& la:

2L, ]
yg = — = 1.59155 (in/rad) (D)

1
Tuong ty trong doan CD la nira ham diéu hoa, dé nbi
v6i doan BC dé tao ra dudng cong van téc khong ¢ bude
nhay thi, van toc tai diém C (03/B3 =0) ctia nira dudng diéu
hoa trong phuong trinh (4.6) s€ 1a
Ly

s
ye = —— = 1.59155 (in/rad) (2)
23

Pé ham gia toc khong c6 bude nhdy tai vi tri diém ndi
D gitta giai doan CD va DE thi gia toc tai diém D ¢ diém
cudi ctia ham CD (03/B; =1) va diém dau ctia doan DE
(03/B3 =0) phai bang nhau:
2Ly il
WR
Hanh trinh can:

Yp = (3)
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Ly =L;+L>+L; = 3in 4)

Va tong cac goc dinh ky:

pit+ Bt st futfs = 2m )

Giai hé phuong trinh tir (1) dén (5), tim dugc 5 an so
con lai. Két qua cac khoang nang va goc dinh ky duoc viét
lai nhu sau:

L;=1264in, p; = 1.589 rad = 91.04-,

L>=1.250in, p>=0.785 40 rad = 45.00,
L; =0.486in, 3= 0.559 51 rad = 27.46¢,
Ly=3.000in, fs=1.880 74 rad = 136.5°,
Ls=10 in, s = 1.570 80 rad = 60.00-.

Vi du 2: O vi du 2, xét mot co ciu cam thuong duoc
ding phd bién véi cac yéu cau dau vao thoa man chuyén
dong cuia can nhu sau:

- Chuyén dong cua can bat ddu ¢ vi tri du tién ting
tdc dén van tdc 1a 10 in/s.

- Duy tri van toc 1a 10 in/s trong 0.5s.

- Giam tbc¢ dén vi tri van tdc bang 0.

- Va can chuyén dong vé gan cho dén vi tri diém dau tién.

- Chu ky chuyén dong cho mdt vong quay ctia cam 1 1s.

Loi gidi:

Theo yéu cau thiét ké ctia cam thoa méan cac chuyén
dong cua can nhu di cho thi cam nay bao gom 4 giai
doan bao gom: giai doan tang tdc, giai doan duy tri van
toc 1a hang sd, giai doan giam tdc vé 0 va cudi cung 1a
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giai doan vé gan. Mot vong quay ciia cam tuong Ung
1a 27t trong 1s va tir yéu cau thiét ké dé duy tri van toc
13 hang s6 bang 10 in/s trong 0.5s nghia 14 hét ntra chu
ky quay cua cam.

4l

Hinh 4.21. Vi du 1: Dé thi SVAJ ciia cin
Do d6, goc dinh ky trong giai doan van téc 1a hang s6
B2 = 180°. Con nura chu ky con lai nguoi thiét ké phai
quyét dinh lga chon goc dinh ky cho 3 giai doan con lai
theo yéu cau chuyén dong cta can. Viéc thiét ké cam cho
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4 giai doan chuyén dong cua can dugc chi ra trén Hinh
4.22.

Tiang tbc Giam tbc

Van tdc 14 hing sb

a -

10 in/s

360°
1

6 (%)

0.08 t(s)

4 mmmmmmmedo

Hinh 4.22. Cdc giai doan chuyén dong ciia cin

Céac diéu kién bién tai diém dau va diém cudi trong
mdi giai doan dugc chi ra trén Hinh 4.23. Cac diéu kién
bién nay duoc thiét 1ap dua vao nguyén Iy co ban khi
thiét ké cam dé dam bao sao cho ham chuyén vi, van toc
va gia tdc 1a lién tuc. Nhu vay viée ndi cac ham trong cac
giai doan phai dam bao tinh lién tuc cho ham van téc va
gia toc. O day, ham da thic duoc st dung cho cac giai
doan trong qua trinh thiét ké cam.

e Giai dogn 1: Goc dinh ky trong giai doan 1 1a B =
30° va diéu kién bién trong giai doan ting toc duogc viét
nhu sau:

Tai diém dau: 0 =0° thi S = 0; V =0;
A chua xac dinh
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Tai diém cubi: 0=30°thi S chua x4c dinh; V=10 in/s;
A=0

Vi giai doan 1 thoa man 4 diéu kién bién. Do d6,
ham da thuc bac 3 s€ dugc su dung dé tinh toan cho
giai doan ting téc nay. Viéc tim cac hé sé cho ham da
thirc dd dugc trinh bay trong phan 4.7. Do d6, tir 4 diéu
kién bién dé dang tim dugc phuong trinh da thirc bac 3
cho giai doan 1 nhu sau:

2 3

y = 0.83376 (ﬁi) —0.27792 (;) ey

e Giai dogn 2: Goc dinh ky trong giai doan 2 1a B2 =
180°. Tu phuong trinh (1) cua giai doan 1, ta xac dinh
dugc hanh trinh nang cta can trong giai doan 1 1a L; =
0.556in. Cac diéu kién bién trong giai doan 2 dugc viét:

Tai diém du: 0 =30° thi S = 0.556; V=10

Tai diém cudi: 6 =210° thi S chua xéac dinh; V chua
xac dinh.

Véi giai doan 2 1a duy tri van tbc V = 10in/s thi ham da
thirc bac nhat s& dugc sir dung trong giai doan nay. T 2
diéu kién bién dugc viét & trén dé dang xac dinh duoc
phuong trinh mé ta chuyén dong cua can trong giai doan
2 nhu sau:

0
y =5 5-+0556 2)
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Hinh 4.23. Cdc diéu ki¢n bién trong cdc giai doan

chuyén dgng cua cin

e Giai dogn 3: goc dinh ky trong giai doan 3 1a B3 =

30°. Tir phuong trinh mé ta chuyén dong cta can trong

giai doan 2, dé dang xac dinh dugc hanh trinh ning trong

giai doan nay L> = 5.556 in. Gia toc trong giai doan 2 déu

bang 0 bai phuong phuong trinh chuyén dong 13 bac nht.
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Vi vay cac diéu kién bién trong giai doan 3 dugc viet nhu

Sau.

Tai diém dau: 06 =210°thi S = 5.556; V = 10;
A=0.

Tai diém cudi: 0 = 240° thi S chua x4c dinh; V =
0 1n/s; A chua xac dinh.

Tir cac diéu kién bién thiy rang, ham da thirc bac 3 s&
dugc sir dung cho giai doan nay. Phuong trinh chuyén
dong dugc mo ta nhu sau:

3

0 0
y = 0.27792 (—) +0.83376 (—) +5556  (3)
B2 B2

e Giai dogn 4: Goc dinh ky trong giai doan 4 1a B4 =
120°. Hanh trinh nang cua giai doan 3 dé dang xac dinh
duoc tir phuong trinh (3) L3 = 6.112 in. Tai 6 = 240° dé
dang xac dinh duoc gia tri gia toc 1a -239.9 in/rad®. Dé
dudng cong biéu dién gia toc lién tuc cho diém cudi cia
giai doan 4 thi phai bang gia toc tai diém dau cua giai doan
1. Tt phuong trinh (1) d& dang xac dinh duoc gia toc bang
239.9 in/rad’ tai © = 0° trong giai doan 1 va ciing tai 0 =
360° trong giai doanh 4. Do d6, cac diéu kién bién trong
giai doan 4 dugc viét nhu sau:

Tai diém dau: 0=240°thi S=6.112; V=0; A
=-239.0.

Tai diém cubi: 0 =240° thi S chua xéc dinh; V= 0;
A= 239.9.
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Tur cac diéu kién bién, phuong trinh mo ta chuyén dong
cua can trong giai doan 4 nhu sau:
5 4

y = —9.9894 (%) + 24.9735 (é)

3 2

— 7.7548 <%) —13.3413 (%)

+6.112  (4)

Do thi SVAJ ctia cam duge biéu dién trén Hinh 4.24.
Nhu trén hinh v& ta thay cac ham chuyén vi, van toc va gia
tdc 1a nhitng ham lién tuc.
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Hinh 4.24. Do thi SVAJ ciia cam thiét ké
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Chuong 5

SU DUNG DPUONG CONG SPLINE
CHO CHUYEN VI CUA CAN

5.1. PHUONG TRINH MO TA HAM B-SPLINE

5.1.1. Ham B-spline

Phuong trinh duong cong B-spline bac p dugc dinh
nghia nhu sau:

yw) =YL Nip, WP, ue
la,b],i=1,2,..,n

Véi P; dugce doi 1a cac diém diéu khién va N; , (u) duoc
goi la cac ham B-spline co ban. Cac ham B-spline co ban
dugc tinh toan thong qua vecto nat U. Cac ham N;,, (u)
dugc mo td nhu phuong trinh (5.2) va (5.3). Trong d6 u =
0/pB.

Ham B-spline co ban vé1 bac 0 duge mo ta nhu sau:

Nio() =
1 néu u; <u<uj,

(5.1)

(5.2)

0 Cho cac truwong hop khac
Ham B-spline co ban voi bac p dugc mo ta nhu sau:

Ni,p(u)
u—u;
S O
Uip — ;P (5.3)
Uitp+1 — U
+ Ll Ni+1,p—1(u)-

Uitp+1 — Ui+t
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Véi u; 1a cac phan tir trong vecto nat U. Véc to nit
duoc viét dudi dang sau:

U= {ulruz ---:um}a (54)

Céc phan tir trong vecto nut phai 1a cac sé thuc va thoa
man diéu kién u; < ujpq,i = 1,...,m; cac sb nay nam
trong khoang [a, b], trong d6 c6 (p + 1) s6 dau tién bang
nhau va bang a va (p + 1) sd cudi cung bang b. Vi vay,
véc to nat U duoc viét lai dudi dang nhu sau:

U= {%1' Up42) ) Um—p-1, l)('?_l__l’)?}’ (5.5)

O day, m 1a s6 cac s6 hang trong véc tonat vam = n +
p+ 1.

Céc phan tir trong vecto niit U dugc xac dinh theo phuong
phép cach déu nhu sau:

U = U == Uy =a

J
Uypyr = Uy + m (b—a), voi j=1,..,n—p—1. (5_6)

Upep = Uppyq = Uy =D

5.1.2. Dao ham cua ham B-spline

Pao ham bac nhit, bac hai va bic ba cla duong cong
B-spline duoc viét nhu sau:
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y’(u)— ZN (WP;, u€labl (5.7)

dZ
) y(“) Z (WP, u€ [a,bl. (5.8)
i=1
) = dsy(u) Z , WPy, € [a,b]. (5.9)

bao ham bac £ ctia cia ham B-spline co ban dugc xac
dinh nhu sau:
k

p!
Nilfp = (p _ k)[Z ak,j Ni+j,p—k(u) , (510)

j=0

Vi cac he€ s6 ay ; duoc tinh boi:
ago =1

o = Ak-1,0
k,0 —
Uitrp-k+1 — Ui

Ak—1,j — Ag-1,j-1 (5.11)

ag i =
/]
Uitp+j-k+1 — Ui+j

Q. = —Ag-1k-1
kk — ’
Uit+p+1 — Uitk

77



Véi: j=1,..,k—1. O dby, Uppks1 Ui
Uisp+j-k+1r Uitjr Uispe1, VA& Uiy la cdc phan tr trong
vecto nut U.

Tur phuong trinh (5.10), dao ham bac nhét, bac 2 va bac
3 cia ham co ban B-spline Nl%p (u), pr (u), and
pr (u) duoc tinh:

Ni%p (u)=p (a1,o Nip-1(w) + ay 1 Nipqp—1(w) ) ) (5.12)

Ni?p W=pp@P-1 (az,o Nip—o(W) + azq Niyqp—p(w) (5.13)
+ az» Ni+2,p—2(u)) ,
Ni?p W=p@-DE-2) (a3,0 Nip_3(w)
+az1 Nip1p-3(W) (5.14)
+ azp Niyop-3(u) +ass Ni+3,p—3(u)) .

Theo phwong trinh  (5.11), cac hé s
A1,0, A1, 2,0, A2,1, Az,2, 31, A32,Va A33 trong
phuong trinh (5.12), (5.13) va (5.14) dugc xac dinh nhu
sau:

Qo= ——— (5.15)

1 (5.16)
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1,0 (5.17)

az0 =
' Uiyp-1 — Y
0 = a1~ Ay (5.18)
21 =
Uirp — Ui+1
Qo = —%1 (5.19)
22 =
Ujitrp+1 — Uig2
(gp = 42,0 (5.20)
’ Uipp—2 — Ui
S az,1 — A2, (5.21)
31~ T .
Uitp-1 — Ui+t
- A2 — dz,1 (5.22)
32 = .
Uitp — Uit2
) 5.23
(53 = (5.23)

Uirp+1 — Ui+3 .
5.2. PHUONG TRINH MO TA HAM NURBS
5.2.1. Phwong trinh dudong cong NURBS

Phuong trinh duong cong NURBS bac p dugc mo ta
nhu sau:

y() = ) Rip @P, € [a,b],i

=12, ..,n

(5.24)

V6i P; 1a cac diém diéu khién va R; , (u) duoc xac dinh

nhu sau:
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_ Ni,p(u)wi (525)
Rip(W) = 5 N;,(ww;
j=1°"],p J

Trong phuong trinh (5.25), R;,(u) dugc goi la ham
ham co ban trong phuong trinh duong cong NURBS;
N; (u) 1a ham B-spline co ban; va w; 1a cac trong s6 luon
c6 gia tri dwong. Cac trong s6 nay duoc biéu dién bang
vecto trong s6 W:

W= {w,wy ..,w,}, (5.26)
(a) (c)
1 1
R15 RS
—RZ5 R2S
0.8 —R35 0.8 R35
R4S R4S
R5& R55
0.6 RES 06 RES
0.4 0.4
02 0.2
\
\\\\
0 = 0 '
0 02 0.4 0.6 08 1 0 02 0.4 0.6 0.8 1
(b) (d)
1 1
R1S R15
0.8 —R35 0.8 R35
Rd5 R4S
oy RSS
0.6 RES 06 RS

04

ke 04

SN 22N

0 0.2 0.4 0.6 08 1 0 0.2 0.4 0.6 0.8 1

Hinh 5.1. Anh hwéng ciia trong s6 w; dén cdc ham co
ban: (a) w3 =wys=10.5;
b)) wis=ws=1.0; (c) ws=wy=1.5; (d) ws=ws=2.0
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Trén Hinh 5.1 biéu dién cac ham co ban véi gia trj cia
cac trong sb khac nhau. Nhu vy, tiy thudc vao gia tri cia
trong s6 w; ma dudng cong cua cac ham co ban khac nhau
vé hinh dang hinh hoc. Py 1a diéu ma c6 thé diéu khién
duoc duong cong NURBS.

5.2.2. Pao ham cua ham NURBS

Pao ham bac nhét cua duong cong NURBS trong
phuong trinh (5.24) dugc xac dinh nhu sau:

dy(u)

¥ (w) = - ZR},I, WP, uwelabl. (527)
i=1

Tuong tu dao ham bac 2 nhu sau:

dzy(u)

y'(w) = ER WP;, u€lab]l. (5.28)

Va dao ham bac 3 ciing dugc tinh nhu sau:

d3
ym(u) — y(u)

Z R}, WP, ue€ [ab]. (5.29)

O day, trong cac phuong trinh (5.27), (5.28) va (5.29)
lan luot 12 dao ham bac nhét, bac 2 va bac 3 cua ham co
ban R; ,(u) theo u. T phuong trinh (5.25) d& dang tinh
duoc cac dao ham bac nhat, bac 2 va bac 3 cho ham co
ban nhu sau:

L) = ip (W) W (5.30)

] 1 J,p(u) Wi
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Ni,p (u) Wi Z?:l N]%p (u) Wf
(B0, N () wy)°

N2 (u) w;
REp(W) = s ——
j=1

Njp(u) w;

~ 2N (W wy T Nip@) wy + Npp(w) wy Xhay Nip(w) wy
(2720 Njp () wy)* (5.31)

 2Nipa) we (S Ny 00wy’
(Z7 Ny ) wy)’

N3 (u) w;
Rf"p(u) — - Lp L
j=1

Njp () w
_ BNL?p(u) Wi E?:l Nj],-p(u) W] + 3Ni?p(u) Wi E?:l Ivj?p(u) Wj

(X7, N wy)*

(B Ny () wy)”

_ N; () w; j=1 Nj?p(u) Wi

5 (5.32)
N 6NE, (w) w; (B, N2, () wy)

(25 Ny wy)’

L SNip (@ wi Xy N7 () wy By Njjp () wy

= K j=

(B Ny wy)’

6N, () wy (T N () )’
(o Ny ) )’
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5.3. CHUYEN VI CUA CAN SU DUNG PUONG CONG
SPLINE

Néu goi téng sb cac diéu kién bién vé chuyén Vi, van
tdc, gia tdc va xung la n. Cac diéu kién vé chuyén Vi,
vén toc, gia tdc va xung tai Uj, U, Uy va Uy lan luot 1a
y(w), ¥ (), y" () va y
thé duoc viét dudi dang nhu sau:

[wj y(u)] for j=1,...d

nr

(up,). Piéu kién bién co

[up y'(up)] for k=1,..,e

[wy y"@pl for I=1,..f

(5.33)

[up y"'(n)l for h=1,..,9,

Vi y(uj), y' (ug), ¥y (up) va y"'(uy) 1a cac gia tri
vé chuyén vi, vén tdc, gia tdc va xung. Trong biéu thirc thi
d + e+ f + g bang tong cac diéu kién bién n.

Tir cac diéu kién bién dé dang viét duoc hé phuong
trinh tuyén tinh dudi dang sau:

_Ri,p(uj)_ P11 r y(uj) 1
Ril.p(uk) Pz v (ug)
- . (5.34)
Ry ||| |y

RS, )l [p ] Ly (un)
O déy, C 1a ma tran biéu thi cho cac diéu kién bién véi
kich thuée n x 1 va dugc biéu dién dudi dang:
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_ [C(ul)' "'JC(ud)' Cl(ul)' e Cl(ue)' Cz(ul);
= ) e gy )

Va ma tran R véi kich thudc n X n duoc viét dudi dang:

'Rl’p'(ul) Rz’p'(ul) o Ry p(ug))
Rip(ua) Rop(ta) -~ Rup(@
R%,p (uy) R%,p (uy) - erl,p (uy)
Ry K@) - Rip@)
R= (5.36)
R12,p (uy) R%,p (uy) - erl,p (uy)
RoCu) Ro(y)  Rip)
R13,p(u1) R%,p (uy) - R%,p (uq1)
RY '(ug) Ry '(ug) Rrgl;) (ug)]

Phuong trinh (5.34) duoc viét lai nhu sau:
RP=C
Do d6, cac diém diéu khién dugc xac dinh nhu sau:
P=RC. (5.38)

Cac diém diéu khién duoc xac dinh thi cac ham B-
spline, NURBS va dao ham cua ching dugc xac dinh.
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Theo nguyén 1y vé thiét ké cam thi ham van tdc, gia toc
1a ham lién tuc vi vAy chon bac cho duong cong B-spline
va NURBS Ia bac 5 hay n = 5.

5.3.1. Vi du vé6i 6 diéu Kién bién

Thiét ké co cau cam v6i chuyén vi ctia can thoa man 6
diéu kién bién bao gém: 2 diéu kién bién vé chuyén vi, 2
diéu kién bién cta van téc va 2 diéu kién cua gia tde tai
diém dau va diém cudi (Hinh 5.2a-d);

@

——Fifth polynomial
= = B-spline
0.8 - |—™—NURBS

0.4

0.2r

0/p

Hinh 5.2a. So sanh do thi SVAJ ciia cdc ham da thire béc
5 (fifth polynomial), B-spline va NURBS: Dé thi chuyén
Vi.
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(b)

1.5}
v 1
0.5 S E—
—Fifth polynomial
= = B-spline
——NURBS
0 L i L
0 0.2 0.4 0.6 08 1
o/p

Hinh 5.2b. So sanh do thi SVAJ ciia cdc ham da thive bic
5 (fifth polynomial), B-spline va NURBS: Do thi vin tic.

(c)

—Fifth polynomial
= = B-spline
—NURBS

/B
Hinh 5.2c. So sinh dé thi SVAJ ciia cic ham da thirc bic
5 (fifth polynomial), B-spline va NURBS: ¢ Dé thi gia
toc.
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(d)

[—Fifth polynomial|
= = B-spline
——NURBS

o/p

Hinh 5.2d. So sdnh do thi SVAJ ciia cdc ham da thive bic
5 (fifth polynomial), B-spline va NURBS: Do thi xung.

Quay trd lai v6i vi du thiét ké co ciu cam cho qua trinh
khoan ¢ giai doan di xa thoa man 6 diéu kién bién & hai vi
tri diém dau va diém cudi va da dugc thao luan trén phan
ham da thic bac 5. Ap dung duong cong B-spline va
NURBS bic 5 cho thiét ké co cdu cam nay.

Véi 6 diéu kién bién n = 6, bac cua duong cong B-
spline va NURBS 14 p = 5, nén s6 phan tir trong vecto niit
duoc xac dinh nhu sau:

m=n+p+1=12

Ap dung phuong phap cach déu dé xac dinh vecto nut

trong khoang [0, 1] ta dugc

vu={0000001111,1,1},
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Va 4ap dung gia trj cta vecto trong so:

1.5126, 0.9936, 0.9254, 0.9562,}
0.9328, 1.4880

Puong cong bi€u dién chuyén vi, van tdc, gia toc va

v-|

xung duoc so sanh gitta cac ham bao gdm ham da thirc bac
5, B-spline va NURBS dugc chi ra trén Hinh 5.2.

5.3.2. Vi du vé6i 8 diéu kién bién

Trong vi du nay can nhic 8 diéu kién bién nhu di thao
luan trong phan ham da thirc bac 7. Khi st dung ham B-
spline va NURBS vdi s6 phan tir trong vecto nat U trong
khoang [0, 1] 1a m = 14 dugc biéu thi nhu sau:

v ={0,000001,1,1,1,1,1}
Va duong cong NURBS sir dung vecto trong so:
0.3199, 0.5508, 0.7300, 1.1581, 1.1498, }
0.7696, 0.5183, 0.4170

Do thi SVAJ duoc so sanh bdi 3 ham bao gdm ham da
thirc bac 7, ham B-spline va ham NURBS dugc chi ra
trén Hinh 5.3.

Nhin vao d6 thi chuyén vi, van toc, gia toc va xung

v-|

trén Hinh 5.3, thdy rang, duong cong NURBS cho céac
gia tri vé van toc, gia tdc va xung tai cac diém cuc tri toi
wu hon ca. TUr d6, ngudi thiét ké c6 thé lya chon duoc
ham theo mong mudn thiét ké.
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(a)
1 — — —— —
——Seventh polynomial
——B-spline
——NURBS

0.8

04+

0.2

0 02 ' 06 08 1
6/

Hinh 5.3a. So sdnh do thi SVAJ ciia cdc ham da thicc bic 7
(seventh polynomial), B-spline va NURBS: Do thi chuyén vi

b
2.5 ( )
2 + -
v
(&
1 = -
0.5F —Seventh polynomial|
——B-spline
——NURBS
0 1 1 L |
0 0.2 0.4 0.6 0.8 1
0/B

Hinh 5.3b. So sdnh do thi SVAJ ciia ham da thirc bic 7
(7th polynomial), B-spline va NURBS: (b) Po thi vin toc
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(c)

——Seventh polynomial
—B-spline
——NURBS

o/p

Hinh 5.3c. So sanh dé thi SVAJ ciia ham da thive bic 7
(seventh polynomial), B-spline va NURBS: Dé thi gia toc

(d)

60 T — T
——Seventh polynomial!

40 | ——B-spline
——NURBS

20 H

0
J
20+
-40

-60

-80

o/p

Hinh 5.3d. So sdnh do thi SVAJ ciia ham da thivc bic 7
(seventh polynomial), B-spline va NURBS: Pé thi xung
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5.3.3. Vi du vé6i 16 diéu kién bién

Thiét ké co cdu cam sir dung trong may cit duoc cho
nhu Hinh 5.4 v6i 16 diéu kién bién va d6 thi SVAJ dugc

chi ra trén Hinh 5.5.

Bang 5.1. Céc diéu kién bién cho co ciu cam sir dung

trong may cit

G?c quay Chuyén vi Van toc Gia tbc Xung
cliia cam
0 0 0 0 0
0.1111 0.0403 - - -
0.2222 0.1533 - - -
0.3333 0.3187 - - -
0.4444 0.5084 - - -
0.5556 0.6926 - - -
0.6667 0.8443 - - -
0.7778 0.9453 - - -
0.8889 0.9920 - - -
1 1 0 0 0
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Hinh 5.4. Lwoc do mdy cit:
(1) Thiét bi déin hwéng; (2) Con lin; (3) Tam; (4) Dung cu
cit; (5) Co céu cam

(a)

0.10-03

0.7 0.02

0.6

0.01
S 05F 006
0.4+

0.3}

0.2 | ——Polynomial

0/B | =——B-spline
| —NURBS

0.1

0 0.2 0.4 0.6 0.8 1

0/8
Hinh 5.5a. So sanh do thi SVAJ ciia ham da thirc bic 7

(polynomial), B-spline va NURBS: Dé thi chuyén vi
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L

2 B = :
1.5
Vo1
051
= Polynomial
——B-spline
——NURBS
0 i 1

0 0:2 0.4 0.6 D.‘B 1
0/
Hinh 5.5b. So sinh dé thi SVAJ cua cac ham da thirc bdc 7
(polynomial), B-spline va NURBS: Do thj vin toc

(c)

——Polynomial
———B-spline
10} [——NuRBS |

0 0.2 04 0.6 0.8 1

0/p

Hinh 5.5c. So sanh dé thi SVAJ ciia cdc ham da thice bic 7
(polynomial), B-spline va NURBS: Dé thi gia téc.
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400

= Polynomial
300 ——B-spline
—NURBS

200§

100

-100 +

=200+

300 . I . L
0 0.2 0.4 0.6 0.8 1

o/p
Hinh 5.5d. So sdnh do thi SVAJ ciia cdc ham da thicc bic 7

polynomial), B-spline va NURBS: Po thi xung

Nhu da thdo luan & trén, khi thay doi gia tri ctia trong
sO thi dudng cong cia NURBS sé& thay d6i. Trén Hinh 5.6
biéu didn mot vai truong hop gia tri cua trong sd khac nhau
trong truong hop giai doan di xa théa min 6 diéu kién
bién.

Nhan thiy rang ca 3 ham gom ham da thtrc, ham B-
spline va NURBS déu khong han ché sé diéu kién bién
cho thiét ké co ciu cam. T d6 thi SVAJ ctia ba dang ham
nay thi ham da thirc v6i bac cang cao thi hay xay ra dao
dong. Piéu nay dan dén dd thi V, A, J s& co cac gia tri 16n.
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0/B
Hinh 5.6a. Anh hwéng ciia trong sé dén do thi SVAJ:
Chuyén vi

(b)
25

0 0.2 0.4 0.6 0.8 1

o/
Hinh 5.6b. Anh hwéng ciia trong sé dén do thi SVAJ:

Vin toc
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o/p
Hinh 5.6¢c. Anh hwéng ciia trong sé dén do thi SVAJ:

Gia téc
120 @
100 —_—W, =W, = 0.5
80 —_—w, W, = 1.0
- —_—, W, = 1.5
40 —_—W, =W, = 2.0
J 20
0 1
20!
40+
-60
-800 0.2 0.4 0.6 08 1
o/p
Hinh 5.6. Anh huwéng cua trong sé dén do thi SVAJ:
Xung
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Pé khac phuc diéu nay thi ham B-spline va NURBS
bac 5 s€ gidm dugc hién twong dao dong. PBac biét ddi véi
ham NURBS con c6 thé diéu khién bdi trong s6 dé co thé
giam duogc cac gia tri cuc tri ciia dd thi van tdc, gia tdc va
xung tly thudc vao yéu cau thiét ké.
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Chuong 6
CAC THONG SO HINH HQC CUA CO
CAU CAM

6.1. KICH THUGC CAM

Sau khi da lva chon dugoc ham SVAJ, thi budc tiép theo
ctia thiét ké cam nhu d3 trinh bay trén Hinh 3.1 13 viéc lwa
chon céc kich thudc ctia cam. C6 hai théng s6 chinh anh
huong dén kich thude cam 1 goc ap luc va ban kinh cong
ctia cam. Hai thong sd nay lién quan dén ban kinh vong
tron co so thuc (Ry) khi dung cho cam véi can day bang
va ban kinh vong tron co so 1y thuyét (R,) khi dung cam
v6i can day con lan hodc day dang cung cong.

6.1.1. Co cAu cam véi can day con lin

Goc ap luc:

Khai niém: Goc ap luc cta co cdu cam la goc giita
phuong chuyén dong (phuong van téc) ciia can va phuong
phap tuyén chung.

Goc ap luc ¢ dugc chi ra trén Hinh 6.1. Phuong phap
tuyén chung chinh 1a phuong truyén lyc tir cam 1én can dé
truyén chuyén dong cho can. Gia st luc tir cam tac dung
1én can theo phuong phéap tuyén 1a F, thi lyc theo phuong
chuyén dong ctia can s& 1a F cos¢. Nhu vay d6 1on ctia goc
ap luc anh huong dén kha ning chuyén dong cta can. Néu
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& = 0° thi tat ca cac luc tir cam s& truyén chuyén dong cho
can; con néu ¢ = 90° thi luc khong truyén dugc cho chuyén
dong cua can hay 1a truong hop nay can khéng chuyén
dong dugc. Chinh vi vay ngudi ta phai han ché goc ap luc:
goc ap luc khong 16n hon 30° d6i voi can chuyén dong
tinh tién va khong 16n hon 35° dbi véi can chuyén dong
lac.

Trong Hinh 6.1, tim van tc tirc thoi trong chuyén dong
twong dbi gitra hai khau cam va can 1a Ly duoc xac dinh boi
giao diém cta dudong thang qua tAm con lin va vudng goc
v6i phuong tiép tuyén chung va dudng thing qua tim cam
va vudng goc voi phuong chuyén dong ciia can. Van tde ciia
diém L4 d& dang dugc xac dinh nhu sau:

Vopa=bw=1y (6.1)
Vi y la dao ham bac nhét chuyén vi ctia can theo thoi
gian. Do do:
dy
= — 6.2
V= (6.2)

Theo phuong trinh (2.6) trong chuong 2 thi
y=y'w (6.3)
Tur phuong trinh (6.1) va (6.3) suy ra:

b=y (6.4)
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Tur tam giac vudong AClo4 trén Hinh 6.1, ta co:

c=(s+d)tang 6.5)
Va
b= (s+d)tang + ¢ (6.6)
Tu tam giac CDO»

d= /Rﬁ — &2 (6.7)

Thay céac phuong trinh (6.4) va (6.7) vao phuong trinh
(, giai tim dugc goc ap luc phu thude vao cac thong sb y,

!

y', evaRp

"—¢

y
6.8
y + fRz%—sz (6.8)

Vi € 1a 6 1éch tdm cia tdm cam va phuong chuyén

¢ = arctan

dong cua can, duoc goi la tam sai.

Nhan thiy rang, R, ting thi ¢ giam. Tuy nhién R, ting
thi lam tang lich thudc ctia cam do d6 tang gid thanh ctia
cam. Thong thudng, khi thiét ké cam nguoi thiét ké can
tim dugc gia tr1 hai hoa gitra kich thudce ciia cam va dg 16n
gbc ap luc.

Anh hwéng ciia tim sai dén géc dp luc:

Tam sai € 1a duong lam giam gbc &p luc trong giai

doan di xa, nhung lam tang goc &p luc trong giai doan
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vé gan va ngugc lai. Do do, tdm sai c6 thé dung dé diéu

chinh goc ap luc cua co cau cam.

\.\’/ﬂ T Vean =Viza
Phap tuyén chung -\_ =
(phuong truyén ddng) ~ ) ?, -
an
\
\ ~/
Rr >
Tiép tuyén chung T \*"‘"'I'—- e
(phuong trugt) T~ L N
T \
e | .
=", ; VoY
R S !
s s - F !
s TS ;
Cam Yy Ad rDﬁ}i\ R /
g I !
; LA \ 8 ! d
, W cam [ A\ !
: 1/ VN B !
i 0265 i 7
Rp ) C ! [ /
‘-\ : I A I2a
'\. i I /I ("/
. i ] ',y;-' Phudng chuyén
Ru \"'--~.4'._.-—‘:".// dong clia can
i
e C
Tam sai b

Hinh 6.1. Goc ap lwc cia co cau cam

Luwa chon bdn kinh ciia vong tron co sé Iy thuyét

Viéc lya chon ban kinh ciia vong tron co sé 1y thuyét
s& anh huong dén kich thudc cia co cdu cam. Gia thiét
rﬁng cac do thi SVAJ da duoc xay dung dya vao dac diém
thiét ké va yéu cau dau ra cta can, thi ban kinh vong tron
co s 1y thuyét duoc chon véi gia thiét ban dau 1a tim sai
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béng 0. Viéc Iva chon nay dugc dién ra bai vong lip voi
cac budc nhu sau:
1. Chon mdt vai gia tri cia R,
2. Gidthiét: =0
3. Tinh goc ap luc ¢ Gng véi tit ca cac goc quay (0°<
¢ <360°) cua cam.
4. Kiém tra xem tit ca cac gia tri cua ¢ co thudc
khoang cho phép khong ?
« Cam can day: -30°< ¢ <30°
« Camcan ldc: -35°< ¢ <35°
5. Néu ¢ khong thudc khoang cho phép thi lap lai cac
buéc tir 1 dén 4 véi gia tri R, 16n hon.
Qua trinh ldp lai cac budce thuong dugce thuc hién béng
mot chuong trinh tinh to4n tw dong trén may tinh.
Ban kinh cong:
Bén kinh cong rit ¢6 ¥ nghia trong viéc thiét ké cam
bdi no lién quan dén su tiép xtc cliia cam va can. Ban kinh

cong dugc mo ta bang ham toan hoc nhu sau:

[(Rp n y)z + y,2]3/2

(Rp+¥)" +2y2 = y"(R, +)

Ban kinh cong cua bién dang cam phu thudc vao cac

(6.9)

Pp

dang cua can. Hinh 6.2 chi ra mdt trong nhitng van dé xay
ra do1 vdi ban kinh cong ctia cam can day ddy con lan. Néu
duodng cong bién dang cam c6 chd 10m ma ban kinh cia
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can Rr 16n hon ban kinh cong nho nhat tai phan 16m thi
viéc tiép xtic gitra can va bién dang cam s& bi gian doan
tai phan 16m trén bién dang cam. Diéu nay la khong mong
mubn khi thiét ké cam.

Hinh 6.2. Ban kinh cong ciia cam lom

Mii nhon do
bién dang tu giao

Con lan

Bién dang cam L ZY
ly thuyét sl L
_\ y A
5 A
\/ | 1
Bién dang cam 7/ 'si--'
thuc :
I
/
/
. I
\'-'—.___"'/
(a)
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Mat vat liéu va cé mii nhon do
bién dang ty giao

: t Con I1an
. .'I. 7\,/_
]
N

Bién dang cam
.' ly thuyét
Bién dang cam

thuc

(b)

Hinh 6.3. Bdn kinh cong cam 16i

Pbi v6i truong hop trén Hinh 6.3 xdy ra van dé 1a ban
kinh ctia con lan 16n hon hodc bang ban kinh cong nho
nhét ctia bién dang cam 1y thuyét (cam 16i) tai mot vi tri
nao doé thi bién dang cam tai vi tri do s€ bi cit
(undercutting). Néu ban kinh con ldn R¢bang v6i ban kinh
cong nho nhét ctia bién dang cam 1y thuyét Rr= pmin Hinh
6.3a, thi bién dang cam tai vi tri nay s€ bi miii nhon do
bién dang ty giao. Con trong truong hop ban kinh cua con
lan R¢nho hon ban kinh cong nhé nhat cia bién dang cam
Iy thuyét R¢ < pmin nhu Hinh 6.3b, thi bién dang cam & vi
tri d6 s& bj mat mot phﬁn vat li€u va tao thanh mai nhon
cling do bién dang tu giao.
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Dé tranh cac hién tuong nay thi ban kinh cong cua bién
dang cam 1y thuyét phai it nhat 16n hon 2 dén 3 lan ban
kinh con lan:

Pmin 2 (2 = 3)Rf (610)

6.1.2. Cam céan day bang

FeamX d Fs Fox d
AN

Fo

Phap tuyén chung

(phudng truyén dong) K

I
k
I
I
1
1
1
1

17
o

\— Tiép tuyén chung

Feam

_TLL 8

Hinh 6.4. Mé men It trong cam can ddy ddy bing

Dbi voi cam can day ddy con lan, goc ap luc ludn bang
0 & tat ca moi vi tri nhin trén Hinh 6.4. Vi tri diém tiép xuc
giita cam va can ludn thay doi, c6 thé & bén trai hodc bén
phai. Nhu da biét, tai diém tiép xuc doé luon co luc cua cam
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tac dung 1én can. Lyc nay gdy ra md men 1am anh hudng
dén kha nang truyén dong cua can giébng nhu anh huong
ctia goc ap luc nhu cam can day day con lin & phan trén.
Vi vay, khi thiét ké cam mong muén 1a md men nay nho
nhét c¢6 thé. M6 men 14t ¢6 thé duge tinh:

M= FagnXxd=F,XDb (6.11)

Tam sai & s& anh huong dén gia tri trung binh ciia mo
men, nhung gia tri trung binh cua su bién thién cuc dai cta
mod men khong bi anh hudng bdi tdm sai. Goc ap luc
khong anh hudng gi dén kich thudc ctia cam nay, nhung
cac yéu t6 khac nhu ban kinh cong tdi thiéu, chiéu rong bé
mit cta can tiép xuc voi cam. Ban kinh cong tdi thiéu
(trinh bay bén dudi) ctia bé mat cam phai dugc giit di 16n
dé tranh cat bién dang cam.

Bdn kinh cong ciia cam can ddy ddy bang va chiéu
rong bé mdt can ciia can:

Dbi v6i cam can day day bang thi ban kinh cong cong
cua bién dang cam khong dugc phép am hay bién dang
cam phai luon 16i. Trén Hinh 6.5 chi ra cam can day day
bang dang tiép xtc nhau & vi tri bat ky A, ban kinh cong
tai diém tiép xtic 1a p va tdm cong C. Piém A dugc xac
dinh boi vecto R,. R, nhu da biét 1a ban kinh cta vong
trong co s va y 1a chuyén ci cta can theo goc quay cua
cam.
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Nhu vay, chung ta dé dang viét phuong trinh véc to
(phuong trinh chudi dong kin dudi dang dai s6 - s6 phtc):

Ry=x+j(Rg+Y) (6.12)
Va
R, = cel*0) 4 jp (6.13)
Do do:
ce/@*D 4 jp = x + j(Rg +y) (6.14)
Chiéu phuong trinh (6.14) 1én hai truc thyc va truc ao:
Truc thuec:
ccos(@+a)=x (6.15)
Truc ao:
csin@+a)+ p= Rg+y (6.16)

Ban kinh cong p va goc o khong ddi khi goc quay cua
cam thay d6i nho. Do d6, dao ham phuong trinh (6.14)
theo gbc quay cia cam ta dugc:

dx dy
a0 " ag

Chiéu phuong trinh (6.17) 1én hai truc thuc va truc ao
ta duoc:

jcel(@+a) = (6.17)

Truc thuc:
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d
—csin(0 + a) = £ (6.18)

Truc ao:

dy
= 2 =4 6.19
c cos(6 + ) =Y (6.19)

Tt phuong trinh (6.15) va (6.19) ta co:

x=y (6.20)
Biéu thirc trong phuong trinh (6.20) chi ra chiéu dai cua
diém tiép xtic gitta cam va can trén bé mit cua can ludn 1a
mot sd va bang van tdc cua can. Piém tiép xuc nay di
chuyén tir bén trai sang bén phai va nguoc lai. Vi vay
chiéu rong bé mit ctia can dé duy tri tiép xtc gilta cam va
can la:

Chiturdng > ¥ max — ¥'min (6.21)
Pao ham phuong trinh (6.20), ta dugc
dx dy'
a6~ de "’
Tt phuong trinh (6.16), (6.18) va (6.20) dé dang tinh
duoc ban kinh cong ctia cam dugc xac dinh theo biéu thirc:

Z (6.22)

p=R,+y+y" (6.23)
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O déy, chuyén vi ctia cn va ban kinh vong tron co sé
ludn c6 gia tri dwong; gia tri gia toc co ca gia tri dwong va
am. Vi vy, tir phuong trinh (6.23) thi hién tuong cat bién
dang cam s& xay ra tai chd ma gia toc dat gia tri am 16n
nhét, ky hi€u la Amin va tai vi tri nay chuyén vi s€ 1a SAmin.
Dé tranh cit bién dang cam thi ban kinh cong nhé nhét cia
cam duoc xac dinh nhu sau:

Pmin = Rp + Samin + Amin (6.24)

Khi thiét ké cam thi ban kinh cong nhé nhét dugc coi
nhu thong s thiét ké va duoc chon dé tinh gia tri ciia ban
kinh vong tron co s& Re.

Hinh 6.5. Cam can diy ddy bing
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6.2. BIEN DANG CAM

Bién dang ctia cam c6 thé dugc xay dung theo phuong
phap v& nhu d3 trinh bay & bai toan phan tich trong phan
2.1 trong chuong 2. Viéc xay dung bién dang cam la bai
toan nguogc cua bai toan phan tich, bién dang cam dugc
xay dung tu dd thi chuyén vi cua can. Trong phén nay,
bién dang cua cam dugc xac dinh bé“tng biéu thirc toan hoc
sau khi da Iya chon dugc cac thong s6 co ban cua cam
nhu: ban kinh vong tron co s& 1y thuyét ddi voi cam con
lan va ban kinh vong tron co s& dbi voi cam can day day
bang.

6.2.1. V6i cam can day day con lin:

- Phuong trinh bién dang cam dugc mo ta trén h¢ toa
do dé cac nhu sau:

x = ( /R§—£2+y>sin9+sc039

+ Ry sin(¢— 0)

y = ( fR§—£2+y>sin9+£cose

+ Rf sin(¢— 6)
- Bién dang cam trong h¢ toa do cuc:

2
R = \/( ’R% —&2+y-— Rfcos¢> + (¢ + Rf sin ¢)2 (6.26)
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Hinh 6.6. Cam cin ddy ddy con lin

6.2.2. Cam can day day bing

Trén hinh 6.5 chi ra hai vecto r va q vuong goc voi
nhau dugc dinh nghia cho hé toa do ctia diém tiép xuc A
giita cam va can. Hé toa d6 nay quay xung quanh tim cam.
Goc v la goc dé xac dinh vi tri ctia vecto Ra trong h¢ toa
d6 nay. Nhu vay, d& dang viét hai phwong trinh chudi dong
kin dé xéac dinh bién dang cua cam nhu sau:

Ry=x+jR,+y) (6.27)
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Va

R, =1 elf + qel0+7/2) (6.28)
Do do:

rel® 4+ qelO+/2) = x 4 j(R, +y) (6.29)
Chia ca hai vé cta phuong trinh (6.29) cho e/? ta duoc
r +jq =xe % +j(Ry +y)e (6.30)

Chiéu phuong trinh (6.30) 1€n hai truc, ta dugc:
Truc thuc:

r = (R, +y)sinf + y' cosf (6.31)
Truc ao:
q =(Rp+y)cosf —y'sinb (6.32)

Phuong trinh (6.31) va (6.32) biéu dién bién dang cta
cam can ddy ddy bang trong hé toa 4o Pé cac.

- Bién dang cam trong h¢ toa do cuc:

R= Ry +y)?+ ()2

T Y (6.33)
7% =E—9—tan R, +y
6.3. Vi DU VE THIET KE CAM
Quay lai vi du thiét ké cam cho qua trinh khoan trong

chuong 3. Co cdu cam nay gém c6 4 giai doan: dtng gan,
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di xa, dimg xa va vé gan. Bon giai doan ndy c6 4 goc dinh
ky bang nhau, hay B1 = B2 = 3= Ba= 90°.

Co ciu cam st dung cho qua trinh khoan vi vay khi
thiét ké cam nén chon ham toan hoc biéu dién cho chuyén
vi ctia can nén co gia tri cuc tri ctia gia tdc va xung nho.
Khi gi4 trj cta gia tbc nho thi s& lam giam luc quén tinh;
con gia tri cua xung nhd thi s€ gidm rung dong cho h¢
thdng cam. Nhu d théo luan trong phan 4.8 trong chuong
4 vé so sanh cac ham toan hoc co ban, thi ham da thic bac
5 vira c6 gia tri gia toc va xung nhoé hon so véi so véi cac
ham khac. Vi vay trong vi du nay trong gia doan di xa va
vé gz‘?ln lua chon ham da thirc bac 5 dé thiét ké bién dang
cho co cdu cam nay.

Ham da thire bac 5 trong giai doan di xa va vé gan duoc
xéac dinh nhu di thao luan trong phan 4.7, chuong 4. Cac
hé sb cua da thie bac 5 duoc xac dinh tir cac didu kién
bién.

Phuong trinh biéu dién giai doan di xa:

6\° o\* 0\°
y=s=250(L) ~375(2) +150(2)

Phuong trinh biéu dién cho giai doan vé gan:

3 4

y=S=25—250(§) +375(ﬁi)
4

4
— 150 (%)

5
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Do thi SVAJ cua can duoc chi ra trén Hinh 6.7. Théy
rang cac duong cong S, V, A déu la cac ham lién tyc. Nhur
vay thoa man dinh 1y vé thiét ké cam.

(é)

30

0 50 100 150 200 250 300 350 400
6()

Hinh 6.7a. Do thi SVAJ ciia co ciu cam
cho quda trinh khoan: Dé thi chuyén viy

(b)

V (mmirad)

-30
0

50 100 150 200 250 300 350 400
a()

Hinh 6.7b. Do thi SVAJ ciia co cdu cam cho qud trinh
khoan: Vin toc
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Hinh 6.7c. Dé thi SVAJ ciia co ciu cam cho qud trinh
khoan: Gia toc
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Hinh 6.7d. Do thi SVAJ ciia co céu cam cho qud trinh
khoan: Xung
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Dé xac dinh bién dang cam, voi cam can day day con
lan. Trong truong hop khong c6 gi dac biét thi lya chon
cam chinh tAm dé tinh toan bién dang, vi vdy ¢ = 0. Ban
kinh con lan Ry= 5mm; ban kinh vong tron co so 1y
thuyét R, = 40mm. Vi ban kinh nay thoa mén goc ap
luc cta co cAu cam ludén nhé hon hodc béng 30° theo.
Vi vay goc ap luc dam bao theo yéu cau vé truyén dong
ctia co cau cam. Hinh 6.8 biéu dién géc ap luc trong
mQt vong quay cua cam.

Bién dang cam dé dang xac dinh dya vao phuong
trinh (6.25). Bién dang cam dugc tinh toan va chi ra
trén Hinh 6.9.

40

30

50 100 150 200 250 300 350 400
(")

Hinh 6.8. Goc ap luc ciia co cau cam
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Hinh 6.9. Bién dang cviia cam

118

40



BAI TAP

. Thiét ké cam dé chuyén dong cua can tir 0 toi
60mm trong 60°, dirng trong 120°, v& gan tir 60mm
in trong 30° va ding cho doan con lai. Tong thoi
gian cho mot chu ky quay cua cam la 4s. Hay vé
biéu d6 chuyén vi va chon cac ham toan hoc phu
hop cho giai doan di xa va vé gan dé gia toc 1a nho
nhat? Hiy vé do thi SVAJ?

. Thiét ké cam véi 2 giai doan dimg dé can chuyén
dong tir 0 dén 40mm trong 45°, dimg trong 150°,
vé gan tir 40mm trong 90° va dimg cho doan con
lai. Tong thoi gian cho mot chu ky 1a 6s. Hay vé
biéu dd chuyén vi va chon cac ham toan hoc phu
hop cho giai doan di xa va vé& gan dé van toc 1a nho
nhat? Hay vé do thi SVAI?

. Thiét ké cam dé can chuyén dong tir 0 dén 50mm
trong 60°, vé gﬁn tir S0mm trong 90° va dirng trong
doan con lai. Tong thoi gian cho mdt chu ky quay
ctia cam 1a 2s. Hay v& biéu do chuyén vi va chon
cac ham toan hoc phu hop cho giai doan di xa va
vé gan dé gia toc 1a nho nhat? Hay vé do thi SVAJ?
. Thiét ké cam dé can chuyén dong tir 0 dén 60mm
trong 40°, dimg trong 100°, vé gan xudng 40mm
trong 90°, dimg trong 20°, lai vé gan trong 30° va
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dimg cho doan con lai. Hiy vé& biéu d6 chuyén vi
va chon céc ham toan hoc phu hgp cho giai doan
di xa va vé gan dé van tdc 1a nho nhat? Hay vé db
thi SVAJ?

Thiét ké cam v&i bdn giai doan dirng dé can chuyén
dong tir 0 dén 60mm trong 40°, ding trong 100°,
vé gan xudng 40mm trong 90°, dung trong 20°,
tiép tuc vé gan xudng 15mm trong 30°, dirng trong
40°, 1ai tiép tuc vé& gan tir 15mm trong 30° va cudi
doan cudi cung 1a ding. Tong thdi gian cho mot
chu ky 1a 15s. Hay v& biéu d6 chuyén vi va chon
cac ham toan hoc phu hop cho giai doan di xa va
vé gan dé gia toc 1a nho nhat? Hay v& do thi SVAJ?
Thiét ké cam can diy d4y con lan dé chuyén dong
ctia can tir 0 dén 50mm trong 180°, sau d6 vé gan
trong 180°. Biét rang trong giai doan di xa va vé
gan phuong trinh chuyén vi cta can sir dung ham
diéu hoa don gian. Biét ban kinh con lin 13 10mm
va ban kinh ctia vong tron co so 1y thuyét 1a 50mm.
Hay v& biéu do chuyén vi cua can, bién dang 1y
thuyét, bién dang thuc ctia cam bang phuong phap
trai Hinh Biét rang cam quay cung chiéu kim dong
ho.

Thiét ké cam can day day con lin dé chuyén dong
clia can tir 0 dén 50mm trong 120°, ding trong
120° va vé gan trong 120°. Biét rang trong giai
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doan di xa va vé gan phuong trinh chuyén vi cta
can st dung ham cycloidal. Biét ban kinh con lan
12 10mm va béan kinh ctia vong tron co sé 1y thuyét
1a 50mm. Hay v& biéu dd chuyén vi cua can, bién
dang 1y thuyét, bién dang thuc ctia cam bang
phuong phép trai Hinh. Biét ring cam quay nguoc
chiéu kim dong ho.

. Thiét ké cam can day ddy con lan dé chuyén dong
ctia can tir 0 dén 50mm trong 90°, dirng trong 90°,
vé gan trong 90° va ding trong 90°. Biét rang trong
giai doan di xa va vé gan phuong trinh chuyén vi
ctia can st dung ham cycloidal. Biét ban kinh con
lan 1a 10mm va bén kinh cda vong tron co sé ly
thuyét 1a 50mm. Hay v& biéu d6 chuyén vi ctia can,
bién dang 1y thuyét, bién dang thuc clia cam bang
phuong phép trai Hinh. Biét rang cam quay cung
chiéu kim dong ho.

. Thiét ké cam can day day con lan trong giai doan
di xa voi hanh trinh nang 2 in sir dung ham diéu
hoa don gian véi goc dinh ky 180° va trong gia
doan vé gan ciing sir dung ham diéu hoa don gian
v6i goc dinh ky con lai 180°. Biét ban kinh con lan
14 0.375 in va ban kinh vong tron co sé 1y thuyét 1a
2 in. Hay x4y dung do thi chuyén vi ciia co cau
cam, sau d6 xay dyng bién dang cam theo chiéu
quay ctia cam cung chiéu kim dong ho.
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10. Xay dyung do thi chuyén vi va bién dang cam cua

1.

co cdu cam can lic ddy bang trong giai doan di xa
mot goc lac 30° véi goc dinh ky 150°, quay nguoc
chiéu kim dong ho; sau d6 & giai doan dimg véi
dinh ky 30°; giai doan vé gan 1a 120% cubi cung 1a
giai doan dung vé&i goc dinh ky 60°. Hay xac dinh
chiéu dai can thiét cia can, khoang hé cho phép 5
mm. Ban kinh cta vong tron co so 1y thuyét 1a
30mm va tdm quay ctia can cach tim cam vé bén
phai [a 120mm.

Diéu kién bién ciia ham da thirc trong chuyén dong
cta can la: tai0=0,y=0,y=0;tai0=p,y=L,
y’ = 0. Hiy xéac dinh phuong trinh chuyén vi ctia
can va viét phuong trinh van toc, gia téc va xung.
V& dd thi chuyén vi, van tc va gia tde.

12. Chuyén vi cua can day day con lan ctia co cau cam

thoa man cac dieu ki¢n trong bang duoi:

Goc quay Hanh Ham

0 (d9) | trinh nang

0-90 3.0 Cycloidal
90 - 105 0 Dimng
105 - 195 -3.0 Cycloidal
195-210 0 Dimg




210 -270 2.0 Diéu hoa don gian
270 - 285 0 Dung
285 - 345 2.0 Diéu hoa don gian
345 - 360 0 Dung

13.

Hay v& dd thi chuyén vi cta can véi cac thong sb
da cho nhu bang trén va v€ bién dang cua cam.
Hay x4c dinh hanh trinh cta can tai vi tri © = 0°; 0
=45% Hay vé dd thi van toc va gia tdc cua can. Tai
thoi.

Co cdu cam dia can ddy day con lin quay v6i van
téc goc 300 vong/ph véi giai doan di xa hanh trinh
75mm va goc dinh ky 180°. Hay tim ban kinh nho
nhit ctia cong tron co so 1y thuyét khi sir dung ham
diéu hoa don gian cho giai doan di xa. Hay xac
dinh goc ap luc

14. Co cdu cam dia can day d4y con lan léch tim gom

4 giai doan: giai doan ding véi goc dinh ky 60°;
giai doan di xa véi goc dinh ky 90%; tiép theo 14 giai
doan dimg 120° va cudi cung 13 giai doan vé gan
90°. Ban kinh vong trong co s& ca cam la 40mm,
ban kinh con lan la 15mm va khoang 1éch tdm la
20mm. Cho phuong trinh chuyén dong trong giai
doan di xa cta can la:
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0
s0(%ssim0)
y p + sin
Véi y do bang mm va 0 do bang rad.

Hay binh luin phuong trinh chuyén dong trong giai
doan di xa c6 phu hgp hay khong. Tai vi tri 6 = 120°,
hay xac dinh:

a) Vi tri cta diém tiép xtic gitra cam (theo hé toa d6 dé
cac)

b) Ban kinh cong ctia cam tai vi tri nay.

¢) Goc ap luc cia cam. Hay binh ludn vé goc ap luc tai
vi tri nay.

15. Co céu cam can day day con lan chiéu dong quay
theo chiéu kim dong ho véi tbe do 400 vong/phut.
Giai doan dung cua cam trong 60°, sau d6 né sé&
tang 1én mdt luong nang 2,5 in. Trong 1 in cua giai
doan vé gén, thi van toc khong ddi 1a -40 in/s. Xac
dinh hanh trinh va goc quay clia cam trong moi giai
doan cua cam.

124



[].

TAI LIEU THAM KHAO

Joseph Edward Shigley, John Joseph Uicker, Jr.,
Theory of Machines and Mechanisms, McGraw —
Hill Book Company, 4rd, 2010.

[2]. Robert L. Norton, Design of Machinery, McGraw —

[3].

Hill Book Company, 2nd.
David H. Myszka, Machines and Mechanisms:
Applied Kinematic Analysis, Prentice Hall, ISBN10:
0-13-215680-2, 4th, 2012.

[4]. B.V.R. Gupta, Theory of Machines: Kinematics and

Dynamics, Publisher I.K. international Pvt, 2010.

[5]. Nguyen T. T. N.; Kurtenbach S.; Hiising M.; Corves

[6].

B., Improving the kinematics of motion curves for
cam mechanisms using NURBS
In: New Advances in Mechanisms, Mechanical
Transmissions and Robotics. Mechanisms and
Machine Science, 46, 2018.

Nguyen T. T. N.; Kurtenbach S.; Hiising M.; Corves B.
Evaluating the knot vector to synthesize the cam
motion using NURBS
In: Computational Kinematics. Mechanisms and
Machine Science, 50, 2018.

125



[7]. Nguyen Thi Thanh Nga, Motion Design of Cam
Mechanisms by Using Non-Uniform Rational B-
Spline, PhD thesis, RWRH Aachen University, 2018

[8]. Nguyen T.T.N., Kurtenbach S, Hiising M. and Corves
B.: A General Framework for Motion Design of the
Follower in Cam Mechanisms by Using Non-
Uniform Rational B-Spline, In: Mechanism and
Machine Theory, Vol. 137, pp. 374-385, ISSN: 0094-
114X, 2019.

126


javascript:void(0)
javascript:void(0)
javascript:void(0)

TS. NGUYEN THI THANH NGA (Chii bién)
TS. VO THI LIEN; ThS. LY VIET ANH;
ThS. NGUYEN MANH CUONG; TS. LE XUAN HUNG

CO SO TINH TOAN THIET KE CO CAU CAM

) Qh,iu trach nhiém‘xud’t ban: .
Giam doc - Tong bién tap: BUI MINH CUONG
Chiu trach nxhiém noi dulgg:
TS. NGUYEN HUY TIEN
Bién tap: TS. NGUYEN HUY TIEN
Stra ban in:  NGUYEN ANH PHUONG
Hoa sy bia: ~ LE ANH TUAN

NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hung Pao - Hoan Kiém - Ha Noi
DT: 024 39423171  Fax: 024 3822 0658

Website: http://www.nxbkhkt.com.vn  Email:
nxbkhkt@hn.vnn.vn

CHI NHANH NHA XUAT BAN KHOA HQC VA KY THUAT
28 Pong Khéi - Quan 1 - TP. H6 Chi Minh
DT: 028 3822 5062

Poi tac lien két:
TS. Nguyén Thi Thanh Nga - Pai hoc K§ thuat CN Thai Nguyén

In 50 ban, kh6 15x21cm, tai Cong ty C6 phan Dau tu va phét trién
Vietmax.

Dia chi: L6 D10-11. Cym san xuét lang nghé tap trung xa Tan Triéu, huyén
Thanh Tri, TP Ha Néi.

S6 PKXB: 1699-2023/CXBIPH/01-89/KHKT.

Quyét dinh xuét ban s: 76/QDXB-NXBKHKT.

ISBN: 978-604-67-2671-5.

In xong va ndp luu chiéu ndm 2023.

127


http://www.nxbkhkt.com.vn/
mailto:nxbkhkt@hn.vnn.vn

