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ng dung md phéng sé thiét ké bién dang cam tru can tinh tién
theo phwong phap vét

Application of digital simulation for designing the profile of a cam
cylinder that needs translation according to the trace method

Mac Van Giang*, Dao Van Kién
*Tac gid lién hé: macvgiang@gmail.com
Trwong Dai hoc Sao Do

Ngay nhan bai: 10/02/2023
Ngay nhan bai stra sau phan bién: 25/6/2024
Ngay chap nhan dang: 30/6/2024

Tém tat

Noi dung bai viét trinh bay phwcyng phap thlet ké bién dang cam tru theo vét, ban chat cla phwcmg phap la chép
hinh phan bién dang phan tiép xtc cua can tao ra bién dang cam try, wng dung khi yéu cau chuyén dong phuc
tap cla can, thdng qua mé phéng sb da xac dinh dwoc dd thi clia cac yeu td dong lyc hoc gom. Van téc, gia toc,
lwe va cong suat. Két qua nghién clru duoc ing dung trong viéc thiét ké co cdu cam tru & dang mé hinh 3 chiéu
lam co s& cho viéc xay dwng ban vé thiét ké va tao diéu kién gia cdng chinh xac bién dang cam trén cac may
CNC 4 truc hoac 5 truc.

Tor khéa: M6 phdng sé; thiét ké; bién dang; cam tru.

Abstract

The content of the article presents the method of designing cylindrical cam profiles by tracing. The essence of this
method is copying the contour of the contact part of the cam that needs to create the cam profile, applied when
complex motion of the cam is required. Through numerical simulation, the graph of dynamic factors including
velocity, acceleration, force and power has been determined. The results of this study are applied in the design of
cylindrical cam mechanisms in three-dimensional models as a basis for creating design drawings and facilitating
precise machining of cam profiles on 4-axis or 5-axis CNC machines.

Keywords: Digital simulation; design; profile; cylindrical.

1. DAT VAN BE

Cam tru cé kha nang thuc hién sy chuyén ddi gitra
chuyen dong quay va chuyén déng tinh tién. Do ket
cau don gian, thiét k& gon nhe va thuan tién, co cau
cam dwoc str dung rong rai trén may cong cu tw déng,
may dét, may in, may san xuét va déng goi, thiét bi co
dién tt [1]. Dwa theo chirc nang bién ddi chuyén dong
cam tru dwoc chia thanh 2 loai Ia cam tru can tinh tién
va cam tru can lac.

Trong qué trinh lam viéc clia co cAu cam néi chung va
co cAu cam tru néi riéng ludn tdn tai tinh khéng én dinh
va phi tuyén tinh gitra chuyén dong va ap lwc do rung
doéng gay ra. Do do, bién dang cam chinh xac 1a yéu tb
quan trong dé cai thién diéu kién ctia chuyén dong va
ap lwc clia co cAu cam tru va ting do tin cay cua thiét
bi co khi [2].

Hién nay, da cé mot sé cong trinh nghién ctru vé thiét
ké bién dang cam. Theo [3], nhom tac gid da dé xuét

Nguwoi phan bién: 1. PGS.TS. Tran Vé Quéc
2. PGS.TS. Ngb Hlru Manh

mot phwong phap thiét ké tdng hop clia dwong cong
cam linh hoat béng cach str dung k¥ thuat dwdng cong
spline mwot va cai thién dang ké dac tinh déng hoc
clia co cu phan phdi dong co. Dua trén ly thuyét vé
bé mé&t duwdng cong tham sb don, Tsay va Wei [4] trinh
bay phuwong phéap thiét k& va xt& ly cho dwdng cong
bién dang cta cam try. S& dung phwong phap gidi
quyét dwa trén GA, Xiao va Zu [5] da dat dwoc két qua
tdi wu hoa cho dwérng cong cam clia mot co' ciu cam
dé&c biét, da cai thién dang ké hiéu suat dong co. Qiu
va cong su [6] da cung cAp mot phwong phap thiét
ké t6i wu héa chung cho dwdng cong cam théng qua
B-spline.

Tém lai, cac codng trinh nghién ctru hién tai chi yéu
tap trung vao viéc stra d6i dwong cong bién dang cam
bang cac phwong phap ly thuyét, nhdm muc dich cai
thién dac tinh dong hoc clia co’ ciu cam cu thé va chua
dé cap dén cac van dé vé xay dwng bién dang cam
phurc tap nhw co’ cdu cam trong cac day truyén co dién
tr, chwa dwa ra day da cac do thi danh gia cac yéu td
doéng lwc hoc ciia cam.
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No6i dung bai viét nay ng dung phwong phap mé
phdng sé thiét ké bién dang cam tru can tinh tién theo
phwong phap vét dé thiét ké bién dang cam try, nham
b sung cac van dé chwa dwoc d& cap & trén, bén
canh dé la md phdéng danh gia mirc do rung dong va
dd chinh xac ctia chuyén dong.

2. THIET KE BIEN DANG CAM TRU CAN TINH TIEN
2.1. Co’ s& tinh toan ly thuyét

- So’ d6 téng quat tinh toan dong lwc hoc co ciu cam
tru can tinh tién dwoc trinh bay trén Hinh 1.
1

[
AN

D

(2
Qi

N 2

- 2

Fn —- S

F1 Ve F2
1. Cam tru; 2. Cén

Hinh 1. So’ dé tinh luc trén co cdu cam tru

- Nguyén Iy hoat dong: Cam tru thuc hién bién df)i
chuyén d(‘)ng quay clia cam thanh chuyén dong tuyén
tinh cta can. Trong hé théng nay, cam tru quay quanh
truc cGa né va&i sb vong quay n,va can di chuyén tuyén
tinh doc theo truc cta no’vm van tocXVC (m/s). {’Du’(ykng
cong bién dang cam quyét din? chuyén .d(f)ng cua can.
Khi cam quay, can dich chuyén qua lai chinh xac va
theo chu ky twong (rng v&i 1 vong quay cliia cam.
Theo ly thuyét tinh toan déng lwc hoc: Céac théng sb
dwoc trinh bay trén Hinh 1 nhw sau:

r=0,5.d (mm): Ban kinh truc cam tai diém tiép xuc;

N (N): Ap Iwc clia can I&n bién dang cam tai vi tri tiép xuc;
P, (N): Lwc vong do momen quay truc cam;

Q (N): Lwc tac dong tw can 1én cam;

F (N): Lwc can tr& chuyén dong;

F., F,(N): Luc ma sat gitra can va 2 gdi truot;

F_(N): Ngoai lyc tac dong Ién can;

n_(vg/ph): S6 vong quay ctia cam;

V_(m/s): Van téc di chuyén cla can;

a (°): Géc ap lwe clia co cAu cam;

d (mm): Buéng kinh truc cam tai vi tri tiép xuc;

H (mm): Hanh trinh don.

Theo [7]:

Tinh toan Iwc tac dong tw cam lén can: Theo dinh luat
3 Newton, lwc tac dong tr can 1én cam la Q thi luc tac

dong tlr cam I&n can 1a -Q, do do ta dwoc hé lyc tac
lén can la:

(F.F F.Q-~

n

0 < Q+F+F,+F =0 (1)

LIEN NGANH CO KHI - PONG LUC

Gia tri:

Q=F +F, +F,(N) (2)
Tinh toan momen trén truc cam:

T=P,0,5.d (N.mm) (3)
Trong do:

P, =Qtg(a + ) (N) (4)

+ @(°): Géc ma sat tiép xuc gitra cam va can
Thay (4) vao (3) duoc (5):
T =Q.tg(a + 9).0,5.d (N.mm) (5)

Theo ly tinh toan ly thuyét, théng qua (3) va (5) xac
dinh dwoc gia tri cGa lwc tac déng tv cam I1&n can va
momen xoan trén cam.

- Tinh toan van téc va gia téc:

Goi quang duwdng di dwoc trong khodng thoi giant — 0
la S, (mm), van toc tire thoi tai thoi diém tla vV, (mm/s),
gia toc trc thoi ,tai thoi diérrl tla a (mm/s?), at(°)’ la géc
ap lyc cla co cau tai thoi diém t (0 < a < 90°). MGi quan
hé vé toan hoc gilra cac dai lwong trén duwoc biéu dién
trong (6) va (7).

. dSt
V, = sm(ort).E (6)
a, = sin(a,). d\i* = sin(a, ) d S (7)

Cong thire (6) va (7) thé hien mbi quan hé tuyén tinh
gitra cac dai lwgng trén. Khi xac dinh duwoc V, va a,
vé mat ly thuyét hoan xac dinh duoc S, va a, dé tir do
di xay dwng ban vé bién dang cam. Néu chi tiét can
chgyén dong déu thi dod thi,biéu dién S, la duwong bac
nhat. Néu chi tiét can chuyén déng bién doi déu thi do
thi ’biéu dién S, la dwong bac hai, trén day la hai dang
pho bién cla bién dang cam.

Trong trwéng hop van téc chuyén dong cla can phirc
tap nhdm thwc hién chirc nang theo yéu ciu cu thé
thi viéc xay dwng bién dang cam gép nhiéu kho khan,
anh hwéng dén sai sb thiét k& do d6 anh huéng t6i
dd chinh xac bién dang cla chi tiét cam tru sau khi
gia cong. Dé gidi quyét van dé ton tai & trén, st¥ dung
phuong phap vét trén co s& xay dwng mbi quan hé
doéng hoc trwe tiép trong mé Hinh 3 chiéu dé tao ra bién
dang cam tru v&i sai sb thiét ké A= 0.

2.2. Thiét ké bién dang cam tru
2.2.1. Nghién ciru céc dang déc tinh diéu khién
phirc tap trén can

Dé&c trwng lam viéc cla co ciu cam try 14 cam quay
dwoc 1 vong (¢ = 360°) thi can chuyén dong dwoc 1
hanh trinh kép v&i quang dwong di duwgc la S,= 2.H
(mm) trong chu ky T (s). Goi T la chu ky lam viéc clia co
cau cam thi dd thi d&c tinh diéu khién trén can cé dang
tbng quéat dwoc trinh bay trén Hinh 2 nhw sau:

Tap chi Nghién ciru khoa hoc, Truomg Dai hoc Sao Do, S6 2 (85) 2024 | 41



NGHIEN CUU KHOA HOC

S
H H=f{(t)
0 Ti T t
Hinh 2. D6 thj dang tong quat dac tinh chuyén déng

cla can
Trén Hinh 2 biéu dién thoi gian tw thei diém 0 dén thoi
diém T, can thuc hién hanh trinh di, thoi gian tir thoi
diém T, dén thoi diém T can thic hién hanh trinh vé
trong mét chu ky.
Cac dang diéu khién phurc tap phd bién:

Dang 1: Step- Dwell - Step
S:
H

t t t
T

Hinh 3. D6 thj chuyén déng cta can theo quy luét
di - dieng - vé
Theo quy luat chuyén déng dang nay can chuyén dong
hanh trinh di trong thoi gian t, sau dé dirng lai trong
thoi gian t, va vé trong thoi gian t,, v&i thoi gian chu ky:
T=t+t+t,.
Dang 2: Dang song don (Single Wave).

S:

H

T

Hinh 4. B4 thj chuyén déng cua cén theo quy luét
Single Wave
Theo quy luat chuyén doéng dang nay & hanh trinh di
can chuyén dong nhanh dan va chuyén déong cham
dan trong hanh trinh vé.
- Dang 3: Dang hinh Sin.

S
Hiz

Ti4 Ti4

Tid T

-H2

T

Hinh 5. B4 thj chuyén déng cua cén theo quy luét
hinh Sin (Single Wave)

Quy luat hinh sin (Sinusoidal Law) la mét quy luat trong
toan hoc va vat ly, thwong dwoc stiv dung dé mo ta
chuyén déng cé dao dong theo chu ky déu.

Dang 4: Chuyén dong ctia can theo quy luat tuyén tinh
bét ky.

Quy luat chuyén dong ciia can (S,) 1a ham sb lién tuc
theo bién thoi gian t dwoc biéu dién béi phwong trinh
S, = f(t) (mm).

Theo quy luat chuyén déng nay van tbc va gia téc cia
can ludn thay dbi twong (rng tai thoi diém t bat ky nam
trong chu ky T.

2.2.2. Co' sé tinh toan

Thiét ké moét co cdu cam tru cé duweng kinh D = 60mm,
ban kinh tiép xtc dau dau can véi cam la R = 7,5mm.
Diéu khién hanh trinh gia cong khoan - taro két hop
trén vat liéu C50 cod, o, = 60KG/mm?, sir dung dung cu
cat EDT.12 cia hang Euroboor, Ha Lan v&i dwdng kinh
phan khoan 1a 10,5mm chiéu sau khoan t6i da 20mm,
s6 vong quay clia dung cu cat n,= 45vg/ph. So do gia
cbng dwoc trinh bay trén Hinh 6 nhw sau:

ol |l .3\
2L
. E

I
F ;i I Rz

]

‘ﬂ

0
an
!

Hist

I m

\
=

I-_i—_
Hinh 6. So' dé khoan - taro 16 ren M12
A. Vi tri xuét phét; B. Vi tri ch¢ gia cong;
C. Vi tri cho taro; D. Vi tri két thic hanh trinh di

Yéu ciu chuyén dong doc ctia dung cu cét nhw sau:
S dung hé quy chiéu tuyét ddi, chon diém dinh mii
khoan lam chuén, chon thoi diém khdo sat ban dau
la t,= 0, vi tri ban dau cta dung cu cat dwoc trinh bay
trén Hinh 6.

Bang 1. Téng hop chuyén déng yéu céu cua dung cu cat

Vi |Hanh trinh | Thoi giém | Yantoc | Bactinh
tri | H (mm) t (s) trc thoi chuyén
I J V,(mm/s) doéng
A 0 0 0 Nhanh dan
déu
B 8 16 1,0 ‘
o béeu
28 36 1,0 Gham dén
D 35 44 0,75 déu
E 65 84 0,75 Béu
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Tbng chiéu dai hanh trinh cGa can cam tru.
H=YH

imax

=65mm.

Thoi gian chu ky.

T=23t =168s.

Xac dinh phuwong trinh chuyé&n dong trén cac doan:
Trén doan A-B: Chuyén dong nhanh dan déu.
H,=1,/32(t,=0+16) (8)
Trén doan B-C: Chuyén dong déu.

H, =11, (t, =0+ 20) 9)

Trén doan C-D: Chuyén déng cham dan déu.

H3i = tai' (t23i/64) (tSi =0~ 8) (10)
Trén doan C-D: Chuyén dong déu.
H, = 0,75+, (t, = 0 + 40) (11)

Cong thire (8), (9), (10), (11) biéu dién dd dai hanh trinh
dung cu cét di dwoc va khodng thdi gian twong tng.

Xac dinh phwong trinh chuyén déng trén hanh trinh
A-E: Phuwong trinh chuyén déng trén hanh trinh E duwoc
xac dinh bang cach tbng hop phwong trinh chuyén
doéng trén cac doan duoc biéu dién trén (8), (9), (10)
va (11) nhw sau:

\frac{1}{32}t"2 & \text{for } 0 \leq t \leq 16 \\ 8 +
(t-16) & \text{for } 16 < t\leq 36 \\ 28 + (t - 36) -\
frac{1}{64}(t - 36)"2 & \text{for } 36 < t \leq 44 \\
35 + \frac{3}{4}(t - 44) & \text{for } 44 < t\leq 84\
end{cases}\]

(12)

Trong do:

\(0 \leq t\leq 16\) twong ng v&i doan A-B;

\(16 < t\leq 36\) twong rng v&i doan B-C;

\(36 < t\leq 44\) twong rng v&i doan C-D;

\(44 < t\leq 84\) twong rng v&i doan D-E.

S dung bang tinh trén Microsoft Office E3<cel dé tinh
toan cac gia tri clia H twong ng véi cac mbc thoi diém
duoc trinh bay trong Bang 1 va bd sung thém cac diém
trung gian cho céac doan. Két qua tinh toan dwoc trinh
bay trén Bang 2.

Bang 2. Két qua tinh toan hanh trinh di cda can cam tru
theo thoi gian thuc

LIEN NGANH CO KHI - PONG LUC

TT | Vitri (m"'m) Th‘:'(g)'em Ghi chu

9 B 8,0000 16

10 18,0000 26 Diém trung gian
11 C 28,0000 36

12 29,9375 38 Diém trung gian
13 31,7500 40 Diém trung gian
14 33,4375 42 Diém trung gian
15 D 35,0000 44

16 50,0000 64 Diém trung gian
17 E 65,0000 84

T | Vi tri (m"'m) Th‘:'(g)'em Ghi chu

1 A 0,0000 0

2 0,1250 2

3 0,5000 4

4 1,1250 6 N .

5 2.0000 8 biém trung gian
6 3,1250 10

7 4,5000 12

8 6,1250 14

2.2.3. Nguyén ly mé phéng co’ cau cam try

Nguyén Iy mé phéng co ciu cam tryu dwoc trinh bay
trén Hinh 7. Dung cu cat dwoc lap véi can cam thanh 1
khau chuyén déng doc theo truc cam vé&i hanh trinh H.
Méi lién hé dong hoc gira cam va can nhu sau:

Ban dau chi tiét cam tru quay déu 1 goc ¢ = 180° thi
can chuyén dong hanh trinh di véi H = 65mm trong thoi
gian 84s twong (ng v&i di tv diém A dén diém E, cac
théng sb déng hoc dwoc trinh bay trong Bang 2.

Chi tiét cam tru tiép tuc quay déu 1 géc ¢ = 180° thi
can chuyé&n dong hanh vé co6 quy luat chuyén dong véi
H = 65mm trong th&i gian 84s twong (ng véi di tir diém
E dén diém A (hanh trinh vé can c6 quy luat chuyén
ddong nguwoc voi hanh trinh di).

1 2 3
D -]
7
. B N
aat e ﬂ
g

h I

[N

Hinh 7. Sor dé nguyén ly mé phdng co céu cam tru
1. Cam try; 2. Cén; 3. Dung cu cét

Quan hé déng hoc gitra can va cam: Goi hé toa do
tuyét dbi gan véi can (khau 2), hé toa do twong ddi gan
véi cam (khau 1). Van téc clha diém A tai thoi diém tic
thoi dwoce trinh bay trén Hinh 7 dwoc biéu dién trén
cbng thure 13.

\7A2 = \7A1 + vA2/A1 (13)
Trong do:

V,, : Vector van tc tuyét dbi cia diém A (van tbc cla
can), gia tri ctia V,, lay theo Bang 1.
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Vi ¢ Vector van téc twong déi clia didm A. Gia tri coa
V,, dwoc tinh toan nhw sau:

D

V,, = =.do (14)
2

Vi : Vector van téc theo, gia tri via V,oa; duorc tinh
nhw sau:

\Y D
Vyu = —2= .d 15
AT cosa,  2.cosa, ¢ (15)

Quy dao chuyén déng theo cla diém A trén bé mat
cam (S,,,,) duoc biéu dién béi nguyén ham cta V,,,,,
va xac dinh theo cbng thirc sau:

D
2.cosa,

Szt = J.dVA2lA1 :I do (16)
Goc ap Ivc a, thay dbi trén cac doan AB va CD, do do
dé xac dinh quy dao chuyén déng theo clia diém A trén
bé mat cam (duwdng dan bién dang cam) theo phuong
phép giai tich cho (16) rat phirc tap, sai s6 Ién do tinh
khong lién tuc clia chuyén dong.

2.2.4. Ung dung mé phéng sé thiét ké bién dang
cam tru trén phan mém Altair Inspire 2023

Dé xay dwng bién dang cam st¥ dung phwong phap md
phdng sb trén phan mém Altair Inspire 2023 [9] théng
qua mé hinh 3D dang co ban cla co cu duoc trinh
bay trén Hinh 8.

Hinh 8. M6 hinh co ban cla céu cam tru

M6 phéng sb chu ky lam viéc thuyc té trong thdi gian
T = 168s v&i hanh trinh kép ctia cam tru 2.H = 130mm.
Chon thoi gian mé phdéng trén m‘éy tinh cho 1 chu ky
lam viéc v&i hanh trinh kép clia can la T, = T/168 = 1s,
goc quay cla twong trng clia cam la ¢ = 360°.

M& réng Bang 2 bang phwong phép lay déi xing tai
tdm E voi = /168, tinh toan va i(éy dung‘du’(_)’c ma
tran lién ké‘t gobm 33 toa dd cac diém trén do thi hanh
trinh cla can nhu sau:

# Time (s), Length (mm)

0.0,0.0

0.0119,0.125

0.0238,0.5

0.0357,1.1250000000000004

0.0476,2.0

0.0595,3.125

0.0714,4.500000000000002
0.0833,6.125

0.0952,8.0
0.1548,18.000000000000007
0.2143,28.0
0.2262,29.937500000000007
0.2381,31.75

0.25,33.4375

0.2619,35.0

0.381,50.0

0.5,65.0 (diém dbi xirng)
0.619,50.0

0.7381,35.0

0.75,33.4375

0.7619,31.75
0.7738,29.937500000000007
0.7857,28.0
0.8452,18.000000000000007
0.9048,8.0

0.9167,6.125
0.9286,4.500000000000002
0.9405,3.125

0.9524,2.0
0.9643,1.1250000000000004
0.9762,0.5

0.9881,0.125

1.0,0.0

St dung cong cu Actuators trén phan mém Altair
Inspire 2023 [9] xay dwng dwoc dac tinh dong hoc cla
can dwoc trong mét hanh trinh kép dwoc trinh bay trén
Hinh 9 nhuv sau:

4/ \-

Hinlj 9. P thj tvong quan gida hanh trinh H
cla can theo thoi gian t trong mét hanh trinh kép

Nhan xét: D6 thi trén Hinh 9 cé dang téng hop hanh
trinh cac doan trong chuyén déng tr A dén E duoc
trinh bay trén Hinh 6, trén dd thj khéng coé diém gay,
thé& hién tinh lién tuc trong qua trinh 1am viéc ctia can
trén co’ cAu cam.
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S dung c6ng cu Motors trén phan mém Altair Inspire
2023 [9] xay dwng dwoc dac tinh dong hoc clda cam,

dwoc biéu dién trén Hinh 10 nhw sau:

Hinh 10. B4 thi twong quan gitta géc quay ¢ cla

g

/|

cam theo thoi gian t trong mét hanh trinh kép

Nhan xét: Trén Hinh 10 dé thj co dang bac 1 biéu dién

truc cam quay déu.

M6 phéng bién dang cam: Bién dang cam la tap hop
lién tiép vi tri cGa diém A trong mot chu trinh 1am viéc
clia co cAu, str dung cong cu Analyze Motion mé phéng
quan hé déng hoc gitra can va cam, cong cu moé phong

dwoc biéu dién trén Hinh 11.

Run Motion Analysis

30 50 100 300

When Finished

Name mp33|
Type Time Domain
End Time: 1.0s|# 1 2 5 0 30
Output Rate: 100 Hz o
Animate © Whie Solving
Analysis Type 2

t\‘@ © Transient {include dynamic effects )

Start at equilibrium
Statics (ignore dynamic effects )
Gravity
Cortacts
Advanced

@ W L«

Reset + Export  +

Hinh 11. Céng cu mé phéng déng hoc co cdu cam

» Run

Close

trén phdn mém Altair Inspire 2023

Véi gia thiét cam ding yén, can chuyén dong ddng
thdi quay quanh cam va tinh tién doc truc, két qua mo
phdng dwa ra dwoc tap cac vi tri clia can coi nhu 1 khéi
12.

dac va dwoec trinh bay trén Hinh

Hinh 12. M6 hinh dac tap hop vi tri cta cén

Thuc hién trir khéi, két qua tao dwoc ranh dang 3D trén
cam v6&i phan ranh cam |a vét giao thoa vat liéu gitra
cam va can, mé hinh co ban cda chi tiét cam dwoc

trinh bay trén Hinh 13.
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Hinh 13. Mé hinh co ban cta chi tiét cam
Nhan xét: Bién dang cam dwgc tao hinh bédi dwong
dan tao hinh & quy dao ctia diém A trén bién dang cam
Hinh 7 va tiét dién ranh cam chép hinh lai tiét dién dau
can tai phan tiép xuc.

velocity (mm/s)

[ 02 04 06 L] 1
Time (s}

Hinh 14. P4 thi van téc cda cén trong chu ky lam viéc
Nhan xét: D6 thi van tbc ctia can dung véi yéu cau lam
viéc vé chuyén dong chay dao cla dung cu cét trong
budc gia cong.

40e03

|’|
i
| A

Ia N

20e03

{mmy/s2)
—

00
T T

cc

-2 0603 \ /

-4.0e03

o 02 04 06 08 1
Time (s)

Hiph 16. Qé thi danh gia murc do bién thién gda luc
day cua can trong chu ky lam viéc cta co cau cam

0.03

Power (W)
°
2

00

-0.01

04 08 08 1
Time (s)

Hinh 17. B4 th,{' dénh gia mirc do tiéu hao céng suét
trén can cam trong chu ky lam viéc
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0.002

0.001

oo \
-0.002
Time (5)

Hinh 18. B4 thi danh gia murc d6 tiéu hao coéng suét
trén cam trong chu ky lam viéc

Power (W)

Nhan xét: Cac dd thij tr cac Hinh 14 dén Hinh 18 &
trén da phan anh dwoc quy luat vé méi quan hé dong
lwe hoc gitra cam va can trong qua trinh chay dao cla
dung cu cat, théng qua sy bién thién vé céc yéu té nhw
van tbc, gia tbc, cdng suat lam co s& cho viéc tinh toan
thiét ké cac chi tiét 1ap ghép trén co cdu cam tru can
tinh tién.

4. KET LUAN

- Xay dung duoc co sé tinh toan, thiét ké bién dang
cam s dung ma tran lién két gitra tinh toan truyén
thdng véi trng dung tin hoc, trong diéu kién yéu cau
cu thé.

- ng dung phwong phap mé phéng sb cho phép phdi
hop dwoc gitra viéc dwng md hinh khéng gian 3 chiéu,
v&i md phdng déng hoc clia co cidu cam tru can tinh
tién, trong d6 cac diéu kién bién phan anh duoc diéu
kién lam viéc thuwc t& cla dung cu cat théng qua cac
dd thi biéu dién bién thién cla cac yéu td dong lwc hoc
trén co’ cu cam tru.

- Ranh cam duwoc thiét ké ddm bao dd chinh xac vé
bién dang va tiét dién, tlr d6 ddm bao mrc dd lam viéc
ém va tinh lam viéc lién tuc ctia co' ciu. Bdng thoi véi
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