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Tém tit ndi dung

Thoi dai 4.0 hién nay, cdng nghé robot da phat trién va tao ra nhirng thay doi 16n trong
cudc sdng cua con ngudi. Trong linh vuc déng goi san pham cdng nghiép, may tuy dong
d3 va dang duoc sir dung dé thay thé sac con nguoi trong cac cong viéc don gian va lap
di l1ap lai. Viéc st dung robot trong cac céng viéc nham chan khéng chi co loi ich trong
linh vuc Kinh té ma con mang lai nhiéu lgi ich vé stc khoe va an toan lao dong cho con
nguoi.

Véi su phét trién cua tay may robot, chiing ta c6 thé st dung nhitng thiét bi nay trong
cac cong viéc nham chan nhu lau chui, quét don, vé sinh va tham chi la trong cay. Céc tay
may robot cé kha nang thyuc hién cac nhiém vu chinh xac va hiéu qua hon con nguoi, gidp
tiét kiém thoi gian va ning luong. N6 ciing giup giam thiéu nguy co chin thuong lao dong
cho con ngudi trong qua trinh thuc hién cac cong viéc nham chan. Dac biét, viéc st dung
robot trong cac cong viéc nham chan con gitip cho con ngudi ¢6 thé tap trung vao nhiing
cdng viéc phic tap va yéu cau nhiéu tri 6¢ hon.

Tuy nhién, viéc &p dung robot trong cac cong viéc nham chan ciing gap phai mot sé
thach thirc nhat dinh. D6 13 viéc phai thiét ké va lap trinh cac tay may robot sao cho phu
hop véi tirng cdng viéc cu thé va dam bao tinh an toan cho con ngudi. Pong thoi, viéc
giam thiéu chi phi dau tu va van hanh caa robot ciing 1a mot van dé can duoc giai quyét.

Nhan thay nhitng thiéu sot trén nhom da quyét dinh lay y tuong vé tay may robot cong
nghiép dé 1am dé tai cho mén hoc nay. Cu thé Ia tinh toan va thiét ké mé phong luc trén
canh tay robot danh cho céng viéc gip hoa qua vao thing déng goi.
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Abstract
"In the current era of Industry 4.0, robotic technology has advanced and brought about
significant changes in human life. In the field of industrial product packaging, automated
machines have been and are being used to replace human labor in simple and repetitive
tasks. The use of robots in monotonous jobs not only brings economic benefits but also
provides numerous advantages in terms of human health and safety.

With the development of robotic arms, we can employ these devices in mundane tasks
such as cleaning, sweeping, sanitation, and even gardening. Robotic arms possess the
capability to execute tasks with greater accuracy and efficiency than humans, saving time
and energy. They also help minimize the risk of occupational injuries for humans during
the process of performing monotonous tasks. Moreover, utilizing robots in monotonous
jobs allows humans to focus on complex tasks that require greater mental engagement.

However, the application of robots in monotonous jobs also encounters certain
challenges. It involves designing and programming robotic arms to suit specific tasks
while ensuring safety for humans. Simultaneously, reducing the investment and
operational costs of robots is another issue that needs to be addressed.

Realizing the shortcomings, our team has decided to choose the idea of an industrial
robot arm as the topic for this course project. Specifically, it involves the computation and
design simulation of the force on the robot arm for the task of picking fruits and placing
them into packaging boxes.
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1. Pit vin dé va xac dinh véan dé

1.1 it van dé

Tir thoi xa xua t6 tién ong cha ta ludn ludn mudn cic cong viée tré nén don gian va
han ché can thiét boi tac dong ctia con ngudi. Chinh vi thé cac cude cach mang khoa hoc
cong nghé di nd ra rat som tir cudi thé ki XVIII véi san pham dau tién 1a ddu may hoiw
nuée. Tiép d6 cac cude cach mang 2.0 3.0 4.0 1an luot nd ra dién hinh 13 cac san phim
may in, dong co dbt trong, ki thuat sd va cudi cung la san xuit thong minh. Hién nay thoi
cong nghé 4.0 dang phat trién rAm rd, cting v4i d6 robot cling khong kép canh xam lan
ngay mot nhiéu va dic biét trong cac nganh cong nghiép hién dai.

Trong cac nha may va xudng san xuit thuc pham, viéc xép hoa qua trén biang chuyén
vao thing l1a mot trong nhitng cng viéc don gian va phai lap lai trong suét qua trinh 1am
viéc qua trinh 1am viéc. Dé thuc hién cdng viéc nay, nhan vién phai dirng & mot vi tri ¢b
dinh va lién tuc xép cé4c loai hoa qua vao ting thing. Cong viéc nay doi hoi su tap trung
cao va su chinh xéc, vi viéc dua nhirng loai hoa qua sai vao thing sé anh hudng dén chat
lugng san pham.

Tuy nhién, cdng viéc nay ciing c6 nhitng han ché va nhugc diém. Trong mot sé trudng
hop, viéc xép hoa qua nay c6 thé gy mét moi va cang thang cho nhan vién. Dac biét 1a
khi cong viéc dugc thyc hién trong méi trudng 6n o va nhiéu bui ban, ¢ thé gay hai cho
stc khoe cua nhan vién trong thoi gian dai. Cong vaéi viéc lap lai ciing mot dong tac nhiéu
lan, cdng viéc nay co thé gay ra cac van dé vé co xwong khép cho nhan vién.

Hon nita, viéc lam viéc véi cac bang chuyén ciing c6 nguy co tai nan lao dong. Néu
khéng c6 quy trinh an toan va céc bién phap bao vé tot, nhan vién c6 thé bi thuong tat
hodc tham chi 14 tir vong. CAc vat thé cang, sic nhon co thé roi vao tay hodc chan cua
nhan vién trong khi ho dang lam viéc, gay ra chan thuong hoic thuong tich.

Dit van dé: Thiét ké tay may robot dé gip tio va dua dén vi tri quy dinh.

M6 ta van dé: Trong quy trinh san xuit va dong géi tao, viéc gap va dua tao dén vi tri
quy dinh Ia mét cong doan quan trong. Qua trinh nay doi hoi tay may robot phai c6 kha
ning chinh x4c va nhe nhang dé gip va van chuyén téo mot cach an toan va hiéu qua.
Ddng thoi, tay may robot can c6 kha nang dinh vi va dua tao dén vi tri quy dinh trong quy
trinh dong goi.

Vin dé can giai quyét: Van dé can giai quyét 1a thiét ké mot tay may robot dang tin
cay dé gap tao va dwa chiing dén vi tri quy dinh trong quy trinh déng goi. Can tim ra mot
cau triic va hé thong diéu khién cho tay may robot sao cho né co thé:

1. Gép tao: Tay may robot can c6 kha ning gap tdo mot cach chinh xéac va nhe nhang
dé tranh 1am hong san pham. C6 thé str dung cac cdng nghé cam bién hinh dang va hrc dé
xéac dinh vi tri va d6 bam chac chan khi gap tao.
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2. Van chuyén tao: Tay may robot can c6 kha ning van chuyén tao tir nguon cung cap

dén vi tri quy dinh mot cach chinh xac va nhe nhang dé tranh ton hai tao. Didu nay cd thé

doi hoi st dung cac hé thdng truyén dong va cam bién van toc dé diéu khién toc do va do
chinh x&c cua viéc van chuyén.

3. binh vi va dua dén vi tri quy dinh: Tay may robot can c6 kha ning dinh vi va dua
tao dén vi tri quy dinh trong quy trinh dong gbi. C6 thé str dung hé théng dinh vi va diéu
khién chinh xac dé dam bao tao dugc dat dang vi tri trong hop hoic bang chuyén.

4. Bam bao an toan: Tay may robot can dugc thiét ké véi cac bién phap an toan nhu
cam bién va cham d¢ tranh va cham véi con nguoi hoac cac vat thé khac trong qua trinh
lam viéc.

5. D& dang tich hop va van hanh: Tay may robot can duoc thiét ké dé dé dang tich
hop vao hé thong san xuat hién cé va co thé duoc diéu khién va van hanh mot cach dé
dang.

Vién dé nay co thé duoc giai quyét bang cach nghién ciru va ap dung céc cong nghé
tién tién nhu hoc may, thi giac may tinh, hé théng diéu khién linh hoat va k¥ thuat dinh
vi. Can dam bao rang tay may robot c6 d6 nhay cam va do chinh xac cao dé dap ung yéu
cau dat to vao vi tri quy dinh mét cach chinh xac va nhat quan.

1.2 Xac dinh van dé

D6i voi mot cdng viéc nhu xép hoa qua trén bang chuyeén, viéc thuc hién cong viéc
nay lién tuc trong mot khoang thoi gian dai c6 thé gay ra su mét moi va nham chan dbi
v6i nhan vién. Ngoai ra, viéc 1am viéc lién tuc trong mot moi truong day nguy hiém c6
thé dan dén cac tai nan lao dong nghiém trong. Vi vay, viéc tim giai phap cho cac cong
viéc nham chan va nguy hiém nhu vay l1a vo cling quan trong.Van dé quan trong nhat la
phai tao ra cac hé thong may méc dé thay thé hoan toan con ngudi.

10
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2. Khao sat thong tin

2.1 Giai phap/san pham dang c6 trén thi truong

Dé giai quyét nhitng van dé nay, nhiéu nha san xuat va k¥ su da nghién ctru va phét
trién céac giai phap tu dong hoa dé thay thé con ngudi trong cong viéc xép hoa qua trén
bang chuyén. Thay vi phai c¢6 nhan vién dang va lam viéc trong mot thoi gian dai, cac
thiét bi tu dong hoa co thé thuc hién cong viéc nay mot cach nhanh chéng va chinh xéac
hon. Cac may moéc nay co thé duoc lap dit trén bang chuyén dé gilp xép hoa qua vao
thing mét cach chinh xac va nhanh hon. Piéu nay khéng chi giam bét sy nham chén va
mét moi cho nhan vién, ma con tang hiéu suat san xuat va dam bao chat luong san pham.

Bén canh do, viéc sir dung cac thiét bi tu dong hoa con giam thiéu nguy co tai nan lao
dong. Véi cac cam bién va hé thdng an toan dugc tich hop trong thiét bi, cac tai nan c6
thé duoc tranh dugc hoac giam thiéu déang ké. Diéu nay ciing giup ting cudng Sy an toan
va bao vé cho nhan vién trong qua trinh san xuat.

Tuy nhién, viéc ap dung cac co cau tu dong doi hoi mot sé chi phi dau tu ban dau dé
mua thiét bj va dao tao nhan vién str dung. Ngoai ra, can c6 sy nghién ciru va thiét ké ky
ludng dé dam bao thiét bi hoat dong tt va dap Gmg dugc yéu cau cua cong viéc. Pong
thoi, viéc thay thé con ngudi bang may moc ciing ¢6 thé gay tac dong dén viéc tao ra viéc
1am cho ngudi lao dong, dic biét 1a doi vai nhirng ngudi 1am cong viéc xép hoa qua trén
bang chuyén.

2.2 Tu liéu khoa hoc
Theo théng ké, nam 2022 trén ca nudc ¢6 hon 7700 vu tai nan lao dong lién quan dén
san xuat [1].

Con sb nay bao gom ca khu vuc ¢6 quan hé lao dong va khu vuc ngudi lao dong lam
viéc khong theo hop ddng lao dong. Cu thé, s6 vu tai nan lao dong chét nguoi 12 720 vy,
giam 29 vy tuong @ng 3,87% so nam 2021. S ngudi chét vi tai nan lao dong 1a 754 ngudi,
giam 32 nguoi. Tuy nhién, sé nguoi bi thuong nang do tai nan lao dong lai ting 162 ngudi,
Ién t61 1.647 nguoi, taing 10,9% so nam 2021.

Thiét hai do tai nan lao dong gay ra la 14000 ti dong [2]

Theo Té chtrc Lao dong Quéc té (ILO), mbi nim trén toan thé gidi co khoang 2,78
triéu nguoi chét hoic bi thuong tich nang do tai nan lao dong. Trong sé do, khoang 340
triéu truong hop tai nan lao dong dan dén nghi lam viéc it nhat 4 ngay hoac nhiéu hon.[3]

Tinh dén nam 2020, ILO cho biét chi phi tai nan lao dong trén toan thé gisi dat khoang
3,94% GDP thé gioi, twong duwong véi 7,5 nghin ty USD. Sé tién nay bao gom céc chi phi
lién quan dén chi phi y té, bao hiém, phuc hdi va that thu nang suat ciia nguoi lao dong.[4]

11
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3. Muc tiéu

3.1 Muc tiéu tong quat
Phan tich diéu kién lam viéc cua robot.

Nghién ctru cac bai toan co hoc va diéu khién robot.

Nghién ctru hé thdng diéu khién (gidi han driver dong co,encoder).

Thiét ké giao dién diéu khién trén matlab.

Viét chuong trinh diéu khién robot va xay dung giao dién diéu khién trén matlab.

Ché tao va tich hop hé théng(danh cho dd an tét nghiép ).

3.2 Muc tiéu chi tiét

Tinh toan va thiét ké tay may robot SCARA trong hé thng Picking - Packing cho
day chuyén xép hoa qua.

Ap dung kién thtrc d3 dugc hoc vao mon hoc d6 &n thiét ké hé théng co dién ti.
Thiét ké va mé phong hoat dong robot SCARA 3 bac tu do.

Ap dung kién thirc khoa hoc k¥ thuat co ban dé phan tich, thiét ké hé thong co dién
tu.

Thuc hién dugc quy trinh tinh toan, thiét ké, mo phong va diéu khién céac hé co
dién tur.

Ap dung kién thirc khoa hoc k¥ thuat co ban dé thiét 1ap, phan tich va tinh toan hé
thong co dién tir.

Van dung kién thtc co s& nganh dé xay dung hé diéu khién va co khi cho hé thong
co dién tir.

Phan tich két qua tinh toan, moé phong, diéu khién va do luong hé théng co dién tir
Thuc hién duoc quy trinh thiét 1ap bai toan thiét ké hé théng co dién tir

Tham gia tich cyc vao hoat dong ciia nhom thyc hién dd an va thé hién dong gop
clia ca nhan trong qua trinh thyc hién d6 4an mén hoc

Xay dung quy trinh trién khai thiét ké, ché tao hé thong co dién tir phi hop voi yéu
cau do an

12
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4. Giai phap dé xuat

4.1 M6 ta giai phap/thiét ké
Str dung tay may thay thé con ngudi 14 mot giai phap tién tién dé giam thiéu tinh trang
st dung lao dong trong moi trueong doc hai. Mot giai phap dugc nhom dua ra 1a st dung
tay may robot két hop vai cac hé théng bang chuyén tao thanh mot hé thong sip xép tu
dong tir d6 giai quyét cong viéc ma khong can sy can thiép cta con ngudi.

Giai phap duoc nhom dua ra 1a thiét ké mot hé thong gom 2 bang chuyén két hop
véi mot tay may robot scara .Nhiém vu cua bang chuyén 1 1a van chuén san pham tir thing
chira dén tay méy theo mot hang duoc sap xép ,nhiém vy bang chuén 2 1a van chuyén hop
dong gbi dén vi tri dat va dua dén may dong goi ,Nhiém vu cua tay may Scara la khi ¢6
tin hiéu ¢ san pham va hop thi thuc hién gap san pham tir tir bang chuyén 1 va sip xép
vao 6 vi tri caa hop.

4.1.1 So db khoi
Duéi day 1a so d6 khdi don gian mo ta cac thanh phan co ban ctia mot canh tay robot
3 bac tu do ho tro gép tdo vao dung vi tri quy dinh:

Robotic Arm

Controllers

Hinh 1: So d6 khoi thanh phan cénh tay robot

13
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Giai thich so d6 khéi:

- Robotic Arm: Py 1a phan chinh cta canh tay robot, bao gdm céc khdp va lién két
gitrta chung dé tao ra 3 bac tu do. N6 diéu khién chuyén dong cua canh tay va dinh vi vi
tri ciia n6 trong khong gian 3D.

- Gripper: Py 1a phan chiu trach nhiém gap tdo. N6 c6 thé 1a mét co cau kep hoic
cong cu dac biét dugc thict ke d€ nam chat tdio mot cach an toan va dong thoi duy tri do
nhay cam.

- Actuators: Py 13 cac bo truyén dong hodc dong co diéu khién chuyén dong cia
canh tay robot. Chung cung cap sttc manh va dong luc cho canh tay robot di chuyén va
thuc hién cac hanh dong nhu gap va dat.

- Controllers: Pay 1a cac bd diéu khién va vi xt Iy mau sic huéng dan hoat dong cta
canh tay robot. Ching c6 thé bao gom céac vi xur Iy nhiing hoac may tinh dé diéu khién
chinh xac chuyén dong va hanh vi ciia canh tay robot dua trén céc tin hidu tir cam bién va
1€nh diéu khién.

Mo hinh phéc thao hé théng xép hoa qua

Supply souce

Packaging station

Hinh 2: Hé théng xép qud
14
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4.1.2 M6 ta chtic nang
Giai thich m6 hinh hé thng:
- Supply Source: Pay 13 ngudn cung cap hoa qua, c6 thé 13 mot hé théng chuyén tai
hodic mét vi tri ¢6 dinh chira cac loai hoa qua can xép goi.

- Conveyor: Day la bang chuyen dé van chuyen hoa qua tir ngudn cung cap dén vi tri
Xep g6i. N6 c6 thé duoc thiét ké dé di chuyén lién tuc hodc dimg lai tai mot sd vi tri cu
thé.

- Robotic Arm: Pay 1a canh tay robot 3 bac ty do dugc sir dung dé gip hoa qua tir
bing chuyén va dit ching vao vi tri xép goéi.

- Gripper: Pay 14 phan cudi cling cta canh tay robot, c¢6 chirc ning gip va giit hoa qua
mot cach an toan trong qua trinh xép goi.

- Packaging Station: Pay 1 vi tri noi hoa qua dugc xép géi vao cac hop hoic bao bi
khéc. Co6 thé co cac thiét bi va cong cu hd trg dé thuc hién qua trinh x€p goi.

Chtc ning cua hé théng xép hoa qua 13 thay thé 1 cong nhan dam nhiém chtc ning
x€p hoa qua vao thung.

4.1.3 Cum chi tiét va thiét bi

Khép 2

Khop 3

Hinh 3: Cum chi tiét

15



Hinh 5: O bi

Hinh 6: Pai rang

Hinh 7: Vong phanh

Hinh 8: Xilanh
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Hinh 9: Gripper
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4.2 Gi6i han cua giai phap/san pham
Co cac gidi han sau:

1, Khong gap dugc san pham qué 16n hodc qué bé.

2, G161 han khong gian lam viéc

3, Khong siap xép dugce déu vé cic mit ciia san pham.

4, D6 chinh x4c ciia tay may anh huéng dén qua trinh gip qua

4.3 Phuong phép tiép cin va phuong thirc trién khai
// Mo ta so' b vé cach thirc thiét ké va phuong phap tiép can. VD:

Giai doan 1: Thyc hi¢n tao nhéom la Ién y tudng cua bai toan tim giang vién hudng
dan.

Giai doan 2: Lién hé giang vién pht hop v6i y tuong chon ban dau

Giai doan 3: Phan tich c4c nhiém vu van thiét, phan chia nhiém vu

Giai doan 4: Nghién clru cac bai toan lién quan dén dé tai

Giai doan 5: Thyc hién béo cdo va tham khao thém y kién giang vién huéng dan

Giai doan 6: Tong hgp cac bao cdo thanh vién trong nhom va viét bao céo 16n
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5. Phan tich cac tac dong/anh hwéng

5.1 Tinh kha thi vé cong nghé
Giang vién hudng din di va dang day mot s6 mon va ciing c¢6 hudng dan dé tai co
lién qua
Céc thanh vién d3 timg hoc qua mot s6 mén lién quan dén san phdm nhu Ki thuit
robot cong nghi¢p, Lap trinh mé phdng robot va cac hé co di¢n tu...

5.2 Tinh kha thi vé kinh té

e Chi phi vat liéu: Chon vat liéu pht hop cho céc thanh phan co khi cua tay may robot
c6 thé anh hudng dén chi phi. Vat liéu ¢6 sin va pho bién nhu thép, nhom, ¢ thé ¢ chi phi
thap hon so Vai cac vat liéu dic biét.

e Chi phi linh kién va dong co: Co sy lua chon tir c4c nha san xuat va nha cung cap
khac nhau, véi mac gia va hiéu suat khac nhau.

e Chi phi gia cong: D4i véi mot sé thanh phan phtc tap, can phai sir dung cac quy
trinh gia cong dac biét hoic dich vu gia cong tir bén thi ba, diéu nay co thé ting chi phi san
XUAt.

e Chi phi diéu khién va dién tir: Cac bo vi xu Iy, bo mach, bo diéu khién va céc linh
kién dién tir khac co thé c6 gia thanh khac nhau.

e Chi phi phan mém: Néu c6 yéu cau phan mém phuc tap dé diéu khién tay may robot,
chi phi phét trién va trién khai phan mém ciing can duoc xem xét.

e Chi phi bao tri va stra chita: Pam bao rang tay may robot dé bao tri va c6 sin cac
linh kién thay thé c6 thé gitp giam chi phi sau nay.

e Chi phi van hanh: Nang luong tiéu thu va lao dong, ciing 1a mot yéu té chi phi quan
trong can xem xét. Cai thién hiéu suit ning lwong va don gian hoa qua trinh van hanh c6
thé gitp giam chi phi van hanh.

5.3 Tac dong xa ho1
Thiét ké canh tay robot c6 anh hudng 16n dén xa hoi tir nhiéu khia canh khac nhau:

1. Tao viéc lam: Thiét ké va str dung canh tay robot trong cac nganh cong nghiép cé
thé tao ra co hoi viéc 1am méi trong linh vuc nay. Pdng thoi, canh tay robot c6 thé gitp
nang cao hi¢u suét va nang suét lam viéc, giam su phu thudc vao lao dong ngudi va mo
ra co hoi cho céc cong vi¢c khac phu hop voi kha nang va k¥ ndng cia con nguoi.

2. Nang cao hi¢u suét va chat lugng: Céanh tay robot c6 kha nang thyc hién cac tac vu
mot cach chinh xéc, lién tuc va khong mét moi. Piéu nay giup ting cudng hiéu suat va
chat lugng san xuét trong cic nganh cong nghiép, tir d6 tao ra san pham tot hon va dap
mg nhu cau cta x4 hoi.
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3. Giam nguy co lam viéc nguy hiém: Trong cac moi truong cong nghiép nguy hiém,

viée str dung canh tay robot c6 thé giam nguy co 1am viéc cho con ngudi. Canh tay robot

c6 thé thuc hién cac tac vu nguy hiém, nhu 1am viéc véi chét doc, vat nang, nhiét do cao
hay cac tac vu ma c6 thé gdy nguy hiém dén sirc khoe va an toan clia con ngudi.

4. Tiét kiém tai nguyén: Canh tay robot c6 thé duoc thiét ké dé 1am viéc hiéu qua hon
va tiét kiém tai nguyén nhu ning lugng, nguyén liéu va khéng gian lam viéc. Diéu nay
dong goép vao bao vé moi trudng va tai nguyén thién nhién, giup xa hoi tién bo hudng dén
su phét trién bén ving.

5. Thay ddi trong cong viéc: Su phd bién cta canh tay robot c6 thé tao ra nhitng thay
d6i trong cong viéc va yéu cau ctia lao dong. Mot sé cong viée truyén théng co thé bi thay
thé hodc thay doi dé phu hop véi su tu dong hoa, trong khi nhitng cong viéc mdi xuat hién
trong linh vuc robot hd tro.

5.4 Tac dong vé hoat dong
Cénh tay robot c6 vai trd quan trong trong quy trinh dong géi thuc pham néi chung
va hoa qua néi riéng. N6 vira lam ting ning xuat vira lam ting do chinh xé&c cua day truyén
dong goi thuc pham

5.5 Tac dong vé mdi truong

e Tiéu thu ning luong: Tay may robot can tiéu thy ning luong dé hoat dong. Ning
lugng tiéu thy cé thé gop phan vao tiéu thu tai nguyén va khi thai nha kinh. Thiét ké tay
may robot hiéu qua vé nang lwong va sir dung cac cong nghé tiét kiém ning lugng co thé
giam tac dong tiéu cyc 1én moi truong.

e Tac dong dén viéc lam: Sy ty dong hda va sir dung tay may robot c6 thé anh huong
dén viéc 1am va cong viéc cia con ngudi. Mot phan cong nhan ¢ thé bi thay thé boi tay
may robot, ddn dén mat viéc lam.

e Tac dong x& hoi: Su phat trién va sir dung tay may robot c6 thé tao ra cac tac dong
x& hoi, bao gom thay doi trong phan phdi cong viéc, phan tang x& hoi va kinh té, ciing nhu
tac dong dén an ninh viéc 1am va tinh hinh kinh té.

e Twong tac con ngudi-robot: Sir dung tay may robot cé thé tac dong dén tuwong tac
gitra con nguoi va robot trong moi truong lao dong va xa hoi.

5.6 Tiéu chuan dao duc
Pao dirc k¥ thuat 1a mot phan quan trong trong gido duc k¥ thuit va ciing nhu trong
cac hoat dong nghé chuyén nghiép khac. Dé tro thanh ky su Co dién tir voi kién thirc
chuyén mén ciing nhu théa man tiéu chuan nghé nghiép vé dao dirc, nhoém dé tai da tham
khao cac tiéu chuan dao dtrc theo Hiép hoi K su Co khi Hoa Ky (The American Society
of Mechanical Engineers).
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6. Ké hoach thuc hién hang tuin

6.1 Thanh vién
// Vai trd cua cac thanh vién trong viéc THUC HIEN va VIET bdo céo.

Bang 1: Thong tin thanh vién

Task Target Assignment
Hop hang tuan vao chiéu thir 6
1 [Hop 14n nhém hang tun Dia diém : Tn 1 toa B4 .phong Robotics cong ty PhenikaaX Ca nhém
Noi dung: giai dép thic méc, bdo cdo ndi dung tén ,nhiém vu tuén méi

2 |Lén ¥ tuéng do an MBoi thanh vién d& xudt 5 y trong d6 4n Lira chon phéc thao tréng so by can nhom
3 |Chét phiong 4n Chon ra phirong 4n cudi eiing d& thye hign phi hop véi nhém Chién
4 |Tim hidu ciu tric .phan chia cong viéc Cac birc thire hién dur 4n .chia cong viéc phi hop Chién
5 | Thiét ké mé hinh so b nghién ciru tiét ké mé hinh so bd Minh

6 |Thiét ké giao dién matlab gui Nghién ctru va béo cdo héng tudn Tén

7 |Giai bai toan ddng hoe thuén va ngwge Nghién ciru bao cdo hang tuan Tén

8 |Tim hidu céc san pham da cé trén thi trieong bao cao thi treomg Tén

9 | Thiét ké co khi chi tiét Chién
10 | Tinh toan b truyén Tinh todn chon bd truyén phu hep Chién
11 |giai bai todn dong lire hoc Tim ra mé men lon nhat Chién
12 | Tinh cong suat va van toc trén b truyén Muc dich tinh chon déng cor Chién
13 |tinh toan thiét ké dong co Chon dong co phi hop Chién
14 | Tinh toan thiét ké va kiém nghiém truc Pam bao do an toan cua truc Chién
15 | Tinh toan thiét ké va kiém nghiém & lan dam bao dd an toan cna 6 lan Chién
16 | Sita lai thiét ké chi tiét theo tinh toan stta lai phu hop véi tinh toan Chién
17 |Kiém nghiém bén bing Inventor kiém nghiém d4 bén va 4o an toan Chién
18 |Lira chon xilanh va gifc hut Ira cho phu hop nang Minh
19 |Lya chon bang tai chon bang tai phu hop Minh
20 | Viét bao cdo timg phin cta ¢4 nhan Ca nhom
21 |Ghép béo céo va chinh sita bao cdo,lam sline Minh
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6.2 K& hoach va tién trinh
Bang 2: Ké hoach va tién trinh thuc hién

Jannary February
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7. Tién trinh dy 4n

7.1 Lich st hinh thanh va phat trién Robot
Thuat ngir “Robot” xuat phét tir tiéng CH Séc (Czech) “Robota” ¢ nghia 12 cong Viéc
tap dich trong vo kich Rossum’s Universal Robots ctia Karel Capek, vao nam 1921. Trong
v kich ndy, Rossum va con trai cia 6ng ta dd ché tao ra nhirng chiéc maygan giong véi
con ngudi dé phuc vu con nguoi. C6 18 d6 13 moét goi ¥ ban dau cho cac nha sang ché ky
thuat vé nhitng co ciu, may méc bat chudc cac hoat dong co bip cua con nguoi.

Pau thap ky 60, cong ty My AMF (American Machine and Foundry Company) quang
cao mot loai may tu dong van nang va goi la “Nguoi may cong nghiép” (Industrial Robot).
Ngay nay nguoi ta dat tén ngudi may cong nghiép (hay robot cong nghiép) cho nhirng loai
thiét bi c6 dang dap va mot vai chie ning nhu tay nguoi duoc didu khién tu dong dé thyc
hién mot sb thao tac san xuét.

Vé mat k¥ thuat, nhirng robot cdng nghiép ngay nay, c6 ngudn géc tir hai linh vuc ky
thuat ra doi s6m hon d6 1a cac co céu diéu khién tir xa (Teleoperators) va cac may cong
cu diéu khién sé (NC - Numerically Controlled machine tool).

Céc co cau diéu khién tir xa (hay cac thiét bi kiéu chu-td) di phat trién manh trong
chién tranh thé gi6i lan tha hai nham nghién ctu cac vat liéu phong xa. Nguoi thao tac
duoc tach biét khoi khu vuc phéng xa béi mét buc trdng c6 mot hoic vai cira quan satdé
c6 thé nhin thdy duogc cong viéc bén trong. Cac co cdu diéu khién tir xa thay thé chocanh
tay clia nguoi thao tac; nd gom c6 mot bo kep & bén trong (t) va hai tay cam & bén ngoai
(chu). Ca hai, tay cam va bo kep, duoc néi véi nhau bang mot co cau séaubac tu do dé
tao ra c&c vi tri va huéng tuy y caa Tay cam va bo kep. Co cau dung dé diéu khién bo kep
theo chuyén dong cua tay cam.

Vao khoang nam 1949, cac may cong cu diéu khién s ra doi, nham dap tng yéu cau
gia cdng cac chi tiét trong nganh ché tao may bay. Nhiing robot dau tién thuc chat 1a su
ndi két giita cac khau co khi cua co cdu diéu khién tir xa véi kha nang 1ap trinh cia may
cong cu diéu khién sd.

Duéi day chung ta s& diém qua mot s6 thoi diém lich sir phat trién cua ngudi may
cdng nghiép. Mot trong nhiing robot cdng nghiép dau tién duoc ché tao 1a robot Versatran
cua cong ty AMF, My. Ciing vao khoang thoi gian nay & My xuat hién loai robot Unimate
w1900 duge dung dau tién trong ki nghé oto.

Tiép theo My, cac nudc khac bat dau san xuat robot cong nghiép: Anh 1967, Thuy
Pién va Nhat 1968 theo ban quyén caa My; CHLB Puc -1971; Phéap - 1972; 0 Y - 1973...

Tinh ning 1am viéc cua robot ngay cang duoc nang cao, nhat 1a kha ning nhan biét va
xt Iy. Nam 1967 & truong Pai hoc tong hop Stanford (M§) di ché tao ra mau robot hoat
dong theo mo hinh “mét-tay”, ¢ kha nang nhan biét va dinh huéng ban kep theo vi tri vat
kep nhd cac cam bién. Nam 1974 Cong ty My Cincinnati dua ra loai robot duge diéu khién
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bang may vi tinh, goi la robot T3 (The Tomorrow Tool: Céng cu cua twong lai). Robot
nay cd thé nang dugc vat ¢ khéi luong dén 40 KG.

C6 thé n6i, Robot 1a sy t6 hop kha ning hoat dong linh hoat cta cac co cau diéu khién
tir Xa voi mirc d6 “tri thirc” ngdy cang phong phu cua hé théng diéu khién theo chuong
trinh sé ciing nhu k¥ thuat ché tao cac bo cam bién, céng nghé 1ap trinh va cac phét trién

cua tri khén nhan tao, hé chuyén gia...

Trong nhitng nim sau nay, viéc ning cao tinh ning hoat dong cua robot khdng nging
phat trién. Cac robot duoc trang bi thém céc loai cam bién khac nhau dé nhan biét moi
trrong chung quanh, cung véi nhirng thanh tuu to 16n trong linh vuc Tin hoc -Dién tur da
tao ra c4c thé hé robot vai nhiéu tinh nang dac biét, S6 luong robot ngay cang gia ting,
gié thanh ngay cang giam. Nho vay, robot céng nghiép da coé vi tri quan trong trong cac
day chuyén san xuat hién dai.

Bang 3: Bang sb liéu sb luong robot & mot vai nuéc cong nghiép phat trién

Nuwoc SX Nam 1990 Nam 1994 Nam 1998
Nhat 66.118 29.756 67000

My 4.237 7.634 11000
Dirc 5.845 5.125 8.600

Y 2.500 2.408 4000

Phép 1.448 1.197 2000

Anh 510 1086 1500

Han Quéc 1000 1200

M7¥ 1a nu6e dau tién phat minh ra Robot nhung nudc phat trién cao nhat trong linhvuc
nghién curu ché tao sir dung lai la Nhat Ban

Mot sé dinh nghia va phan loai Robot cong nghiép
binh nghia Robot Cong nghiép

Dinh nghia theo tiéu chuan AFNOR (Phép): Robot cong nghiép 1a mét co cau chuyén
dong tu dong co thé 1ap trinh, Iap lai cac chuong trinh, tdng hop cac chuong trinh dit ra
trén céc truc toa do; c6 kha ning dinh vi, dinh huéng, di chuyén cac ddi twong vat chét:
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chi tiét, dao cy, ga 1ap . . . theo nhitng hanh trinh thay d6i da chwong trinh hoa nham thyc
hién cac nhiém vu céng nghé khac nhau.

Dbinh nghia theo RIA (Robot institute of America): Robot |a mot tay may van nang co
thé 13p lai cac chuong trinh dugc thiét ké dé di chuyén vat liéu, chi tiét, dung cu hoic cac
thiét bi chuyén dung thong qua cic chuong trinh chuyén dong c6 thé thay d6idé hoan
thanh cac nhiém vu khac nhau.

binh nghia theo GOCT 25686-85 (Nga): Robot cong nghiép la mot may tu dong,
duoc dit cd dinh hoic di dong duoc, lién két gitta mot tay may va mot hé théng diéu khién
theo chuwong trinh, c6 thé Iap trinh lai dé hoan thanh cac chic ning van dong va diéu khién
trong qué trinh san xuét.

C6 thé néi Robot cdng nghiép 1a moét may tu dong linh hoat thay thé tirng phan hoic
toan bo cac hoat dong co bap va hoat dong tri tué ctia con ngudi trong nhiéu kha ning
thich nghi khac nhau.

Robot cdng nghiép c¢6 kha ning chuong trinh hoa linh hoat trén nhiéu truc chuyén
dong, biéu thi cho sb bac tu do cua ching. Robot ¢éng nghiép duoc trang bi nhitng ban
tay may hoic cac co cau chap hanh, giai quyét nhiing nhiém vu xac dinh trong cac qua
trinh cong nghé : hoac truc tiép tham gia thuc hién cac nguyén cong (son, han, phun phi,
rét kim loai vao khuon dic, 1dp rap may . . .) hoic phuc vu cac qué trinh céng nghé (thao
lap chi tiét gia cong, dao cu, 6 g4 . . .) véi nhitng thao tac cam nam, van chuyén va trao
dbi cac ddi tugng Vi cac tram cong nghé, trong mot hé thong may tu dong linh hoat, duoc
goi 1a “Hé théng tu dong linh hoat robot hoa” cho phép thich angnhanh va thao tac don
gian khi nhiém vy san xuat thay doi.

7.1.1 Bac tu do cua Robot
Bac tu do 12 s6 kha nang chuyén dong caa mot co cau (chuyén dong quay hoac tinh
tién). Pé dich chuyén dugc mot vat thé trong khong gian, co cau chap hanh caa robot phai
dat dugc mot s6 bac tu do. Néi chung co hé cua robot 14 mot co cau ha, do dé bacty do
cta né co thé tinh theo cong thirc:

W =06n —Zslipi
i=1

O day: n - S6 khau dong;
pi - S6 khép loaii (i =1, 2,...,5 : S6 bac tu do bj han ché).

Ddi vai cac co cau cd cac khau duoc ndi véi nhau bang khop quay hoic tinh tién
(khép dong loai 5) thi s6 bac tu do bang véi s6 khau dong... Pdi véi co cau ha, sdbac tu
do bang tong sé bac tu do cua cac khép dong.
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Pé dinh vi va dinh huéng khau chap hanh cudi mot céch tuy y trong khéng gian 3
chiéu robot can c6 6 bac tu do, trong d6 3 bac tr do dé dinh vi va 3 bac tu do dé dinh
huéng. Mét s6 cdng viéc don gian nang ha, sip xép... ¢6 thé yéu cau sb bac tu do it hon.
Céc robot han, son... thudng yéu cau 6 bac tu do. Trong mot sé trudng hop can sukhéo
léo, linh hoat hoic khi can phai téi vu hoa quy dao... nguoi ta diing robot véi s6 bac ty do

I6n hon 6.
H¢é toa @6 (Coordinate frames)

MJi robot thuong bao gdm nhidukhau
(links) lién két véi nhau qua cac khép
(joints), tao thanh mét xich dong hoc xuat
phat tir mot khdu co ban (base) ding yén.
Hé toa d6 gan voikhau co ban goi la hé
toa d6 co ban(hay hé toa do chuan). Cac
hé toa do trung gian khac gan véi cac khau
dong goi la hé toa do suy rong. Trong tirng
thoi diém hoat dong, cac toa do suyrong
xac dinh cau hinh cua robot bang céc
chuyén dich dai hoic cac chuyén dich goc
cua cac khop tinh tién hoic khop quay.
Cac toa do suy rong con duoc goi la bién
khop

Cac hé toa do gan trén cac khau cua
robot phai tuan theo qui tic ban tay phai:
Dung tay phai, nam hai ngén tay Gt va ap
Ut vao long ban tay, xoé 3 ngén: cdi, tro va
giita theo 3 phuong vudng géc nhau, néu
chon ngon cai 1a phuong va chiéu cuaa truc
z, thi ngén trochi phuong, chiéu caa truc x
va ngon giira s& biéu thi phuong, chiéu cua
truc y.

Trong robot ta thuong dung chir O va
chi s6 n dé chi hé toa d6 gan trén khau thi
n. Nhu vy hé toa do co ban (Hé toa 6 gan
vé6i khau cb dinh) s& dugc ky hiéu 12 00; hé
toa do gan trén céc khau trung gian tuong
tng s& 1a 01, 02, ..., On-1, Hé toa do gan
trén khau chap hanh cudi ky hiéu 12 On.
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Truong cong tac cua robot (Workspace or Range of motion)

Truong cong tac (hay ving 1am viéc, khdng gian cong tac) cua robot la toan bo thé
tich duoc quét boi khau chap hanh cudi khi robot thuc hién tat ca cac chuyén dong co thé.
Truong cdng tac bi rang budc bai cac théng sb hinh hoc cua robot ciing nhw cac rang budc
co hoc cua cac khap; vi du, mot khop quay cé chuyén dong nho hon mot goc 360°. Ngudi
ta thuong ding hai hinh chiéu dé mé ta truong cong tac cua mot robot(hinh 1.3).

Hinh chiéu dimg Hinh chi€u bang
Hinh 12: Bién dién thao tac cua robot

7.1.2 Cau tric co ban ctia Robot cong nghiép
Cac thanh phan chinh cia Robot cong nghiép

Mot robot cong nghiép thuong bao gom cac thanh phan chinh nhu : canh tay robot,
nguodn dong luc, dung cu gan 1én khau chap hanh cudi, cac cam bién, bo diéu khién, thiét
bi day hoc, may tinh ... cac phan mém lap trinh ciing nén dugc coi 1a mot thanh phan cua
hé thong robot.

Canh tay robot (tay may) la két cau co khi gdm cac khau lién két véi nhau bang cac
khép dong dé co thé tao nén nhitng chuyén dong co ban cua robot.

Ngudn dong luc 1a cac dong co dién (mot chiéu hodc dong co budc), cac hé thdng xy
lanh khi nén, thuy luc dé tao dong lec cho tay may hoat dong.

Dung cu thao tac duoc gan trén khau cudi caa robot, dung cu caa robot cé thé cé nhiéu
Kiéu khac nhau nhu: dang ban tay dé nam bat doi tugng hoac cac cong cu lam viéc nhu
mo han, da mai, dau phun son...

Thiét bi day-hoc (Teach-Pendant) dung dé day cho robot cé4c thao tac can thiét theo
y&u cau cua qua trinh 1am viéc, sau d6 robot ty 13p lai cac dong tac da dugc day dé lam
viéc (phuong phép l1ap trinh kiéu day hoc).
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Cac phan mém dé lap trinh va cac chuong trinh diéu khién robot duoc cai dit trén
may tinh, dung diéu khién robot thong qua bo diéu khién (Controller). Bo diéu khién con
duoc goi 1a Modun diéu khién (hay Unit, Driver), no thuong dwoc két ndi véi maytinh.
M6t modun diéu khién c6 thé con c6 cac cong Vao - Ra (1/0 port) dé lam viécvéi nhiéu
thiét bj khac nhau nhu cac cam bién gidp robot nhan biét trang thai cua ban than, xac dinh
vi tri caa ddi twong 1am viéc hoic cac do tim khac; diéu khién cac bang tai hoic co cau
cap phoi hoat dong phéi hop véi robot...

[ ciccam |,
bién

{

v
T Bo diéu [ ~ g
‘_hl.e: b.’ ol khifnva |e— 4l > -‘“";‘“ e al ..m‘n tay
Ty fee may tinh { dong luc robot

L

I ,

Cac chuong Dung cu
trinh thao tac

Hinh 13: Cdu tric co ban cua robot cong nghiép

7.1.3 Két ciu cua tay may

Nhu d3 néi trén, tay may 1a thanh phan quan trong, n6 quyét dinh kha ning lam viéc
cua robot. Cac két cau cua nhiéu tay may duoc phong theo ciu tao va chirc niang cua tay
ngudi; tuy nhién ngay nay, tay may duoc thiét ké rat da dang, nhiéu canh tay robot c6 hinh
dang rat khac xa canh tay nguoi. Trong thiét ké va sir dung tay may, ching ta can quan
tam dén céc thong sé hinh - dong hoc, 1a nhiing théng sé lién quan dén kha ning lam viéc
ctia robot nhu: tam véi (hay truong cdng tac), sé bac tu do (thé hién su khéo 1éo linh hoat
cua robot), d6 ctng virng, tai trong vat nang, luc kep . . .

Cac khau cua robot thudng thuc hién hai chuyén dong co ban:

Chuyén dong tinh tién theo hudng x, y, z trong khdng gian Descarde, thdngthuong tao
nén cac hinh khoi

Chuyén dong xoay theo céc truc X, Y, z trong khong gian.
Cac chuyén dong nay thuong ky hiéu 1a T (Translation) hozc P (Prismatic).

7.1.4 Phan loai Robot cong nghiép
Robot cdng nghiép rat phong phi da dang, c6 thé duoc phan loai theo cac cach sau:

Phan loai theo két cu

Theo két cu cua tay may nguoi ta phan thanh robot kiéu toa do Pé céc, Kiéu toa
d6 try, kiéu toa do cau, kiéu toa d6 goc, robot kiéu SCARA nhu datrinh bay o trén.
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Phan loai theo hé théng truyén dong

C6 cac dang truyén dong pho bién 1a:

Hé truyén dong dién: Thuong ding cac dong co dién 1 chiéu (DC: Direct Current)
hodc cac dong co budc (Step motor). Loai truyén dong nay dé diéu khién,két cau gon.

Hé truyén dong thuy luc: ¢ thé dat dugc cong suat cao, dap tn nhitng diéu kién lam
viéc niang. Tuy nhién hé thong thuy luc thuong cé két cau cong kénh, tontai do phi tuyén
I6n kho xur ly khi diéu khién.

Hé truyén dong khi nén: c6 két cau gon nhe hon do khong can din nguoc nhung lai
phai gan lién véi trung tam tao ra khi nén. Hé nay lam viéc véi cong suattrung binh va
nho, kém chinh xac, thuong chi thich hgp véi cacrobot hoat dong theo chwong trinh dinh
san voi cac thao tac don gian “nhac 18n - dit xudng” (Pick and Place or PTP: Point To
Point).

Phan loai theo @ng dung

Dya vao tng dung caa robot trong san xuat c6 Robot son, robot han, robot lap rap,
robot chuyén phoi. v.v...

Phan loai theo cach thirc va dac trung cua phuong phap diéu khién

Robot diéu khién kin (hay diéu khién servo): sir dung cam bién, mach phan hoi dé
tang d6 chinh xac va muc do linh hoat khi diéu khién.

7.1.5 Cac trng dung cua Robot
Tir khi méi ra doi robot cong nghiép duoc ap dung trong nhiéu linh vuc dudi goc
d6 thay thé strc ngudi. Nhd vay cac day chuyén san xuat duoc to chuc lai, ning suat va
hiéu qua san xuét tang Ién r rét.

Muyc tiéu eng dung robot cong nghiép nham gop phan nang cao ning suat day chuyén
cdng nghé, giam gia thanh, nang cao chét luong va kha ning canh tranh cuasan pham
ddng thoi cai thién diéu kién lao dong. Pat dugc cac muc tiéu trén 12 nho vao nhing
kha ning to 16n cua robot nhu: lam viéc khong biét mét moi, rat dé dang chuyén nghé mot
cach thanh thao, chiu dugc phong xa va cadc moi trueong lam viéc dochai, nhiét do cao,
“cam thay” duoc ca tir truong va “nghe” dugc ca siéu &m ... Robot duoc dung thay thé
con nguoi trong cac truong hop trén hoac thuc hién cac cong viéc tuy khéng nang nhoc
nhung don diéu, d& gdy mét méi, nham lan.

Trong nganh co khi, robot duoc sir dung nhiéu trong céng nghé dac, cong nghé
han, cit kim loai, son, phun phu kim loai, thao ldp van chuyén phai, ldp rap san pham .. .

Ngay nay da xuét hién nhiéu day chuyén san xuat tu dong gdm cac may CNC Vi
Robot cong nghiép, cac day chuyén d6 dat muc tu dong hoé cao, mic do linh hoat cao. .
. & day cac may va robot dugc diéu khién bang cing mét hé théng chuong trinh,
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Ngoai cac phan xudng, nha may, ky thuat robot ciing dugc sir dung trong viéc khai
thac thém luc dia va dai duong, trong y hoc, sir dung trong quéc phong, trong chinh phuc
vii try, trong c6ng nghiép nguyén ti, trong cac linh vuc xa hoi . . .

R6 rang 1a kha ning lam viéc cua robot trong mét sé diéu kién vuot hon kha ning cua
con ngudi; do d6 né 1a phuong tién hiru hiéu dé ty dong hod, nang cao ning suét lao dong,
giam nhe cho con ngudi nhitng cong viéc nang nhoc va doc hai. Nhuoc diém 16n nhét caa
robot 14 chua linh hoat nhu con ngudi, trong day chuyén ty dong, néu c6 mot robot bj
hong ¢6 thé 1am ngirng hoat dong cua ca day chuyén, cho nén robot van ludn hoat dong
dudi sy giam sat cua con nguoi

7.2 Pong hoc thuin, dong hoc nguwoc
7.2.1 Phuong trinh dong hoc thuan
Pong hoc robot la bai toan nghién ctu chuyén déng cua robot ma khong quan tam
dén tinh chét vé lyc twong tac ciing nhu vé khdi lwong ma chi xét dén cau tric hinh hoc
cua robot. Muc dich ctia bai toan dong hoc thuan 13 xac dinh vi tri caa khau tac dong cudi
cuia Robot khi biét cac bién khép cia Robot.

Céc budc thuc hién bai toan dong hoc thuan cho tay may:

Budc 1: Xéc dinh s khép va sb thanh néi
Budc 2: Gan Ién céac thanh ndi tir 0 dén n cac hé truc toa do
Vi du: Thanh néi i (i = 0+ n) gin hé truc 0,,X,,Y,,Z,

Hinh 14: Xay dung hé toa dé thanh noi

q,: 1a géc quay caa thanh ni thi i,
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d.:1a d¢ léch khau,
a,: 1a d¢ dai duong vudng goc chung gittaZ, ,vaZz,,
o, : 1a goc van cua thanh néi.
Cach xac dinh truc Z, : la truc ma xung quanh né khaop tha i+1 quay hoac doc theo nd

khép (i = 1+ n-1) tinh tién.
Z, : truc ma xung quanh né khép lquay,

0, : tam hé truc toa d quy chiéu, chon mot diém cb dinh trén dé Robot,
Z,: truc ma xung quanh n6 khép 2 quay hoac khop tinh tién,

Z_ ,: truc ma xung quanh no khép n quay,

Z : trung phuong véi Z,

Céch xac dinh truc Xi: Truc X thuong duoc dit doc theo phép tuyén chung va huéng
tir khop i dén i+1. Trong trudng hop cac truc khép cat nhau thi truc X chon theo tich vecto
Zia X Zi.

Cach xac dinh truc Yi:
Xéc dinh theo quy tac ban tay phai.

Budc 3: Xac dinh cac bién khép
Khép quay tuwong Gng véi bién khép quay g,

Khép tinh tién twong tng véi bién khap tinh tién d.
Budc 4: Xac dinh quan hé gitra hai khung toa d6 i va i-1

Hé truc toa do i va hé truc toa do i-1 gitra hai khau néi tiép nhau c6 quan hé véi nhau
bang phép bién doi ddng nhat, theo trinh tu sau:

- Quay xung quanh truc Zi.1 mot goc i sao cho truc Xi.1 trung véi phuong cua tryc X,

- Tinh tién doc theo truc Zi.1 mot doan di dé goc khung toa do méi tring chan phép
tuyén chung truc i-1 va i, (Xi-1= Xi),

- Tinh tién doc theo truc Xi.1 mot doan ai, (Oi.1= O),

- Quay xung quanh truc Xi-1 mot goc ai sao cho truc Zi.1 trung vai truc Zi.
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Cac phép bién doi trén dugc thuc hién so véi khung toa do hién tai, do d6 phép bién
dbi tong hop dugc xac dinh nhu sau

A. =Rot,(q)Trans, (d)Trans, (a)Rot, (o)

(2.14)

i"1Ai =Rot, (6)Trans, (d)Trans, (a)Rot, (o)
co, -s6, 0 0][1 0 0 Of[1 0 0 a[2 O 0O O
|s6; c6; 0 OO 2 0 0|0 12 0 0]|0 co; —Sa; O
|0 0 1 0/|0 01 d||0 0 1 0[]0 so; ca; O
0 O 0 1(j0 0 0 1{/0 O O 1{/0 O 0 1

[cos® —sinBcosa.  sinBsino  acosO
sin® cosOcosa  —cosOsina  asin©®
0 sina cosal d
0 0 0 1

(2.15)

Denavit J.& Hartenberg R.S d goi bién d6i ddng nhat 1a ma tran A, mé ta bai phép
quay va phép tinh tién tuong ddi giita hé toa do cua hai khau lién tiép. Denavit J.&
Hartenberg R.S dé xuat dung ma tran thuan nhat 4x4 dé mo ta quan hé gitra 2 khau lién
tiép trong co ciu khong gian. Pieper D.L dd dung ma tran thuan nhét 4x4 trong nghién
ctru Robot. Trong bai toan dong hoc Robot dinh luat Denavit Hartenber dong vai tro rat
quan trong. Dinh luat nay cho chung ta cach xac dinh cac hé truc toa do dat Ién cac khop
va tir d6 xac dinh duoc vi tri caa cac thanh ndi va khau tac dong cudi trong céc hé truc toa
do.

Budc 5: Xac dinh phuong trinh dong hoc thuan cho tay may
Ma tran dong nhat mé ta hudng va vi tri caa Robot trong hé toa d6 {O}

ay  Px

°T, =AMA AL TA, = oSy Ay Py
0, a4, P,
0 0 0 1
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Dé giai bai toan:

J om[l 11 13 4
b zo ~ i
YO = X2
X0 . i
= e ) 02]
—T z

s | Joint 3
X3

End Effector| ’/
03

Z3

Hinh 15: Hé truc toa do

Base

Goi céc Joint 1, Joint 2, Joint 3 lan luot 14 cac bién toa do suy rong qs, gz, 0s.

Bang 4: Bang théng s6 DH

Khau a; a; 0; d;
1 1 0 1 0

2 I, T gz 0
3 0 0 0 (0

cos(f8;) —sin(6;) xcos(a;) sinf;*sina; a; *cosH;
Hi-1 — sin(8;) cos 6; * cos a; —cosf; *sina; a; *sinf;
' 0 sin ; cos a; d;
0 0 0 1

Thay cac tham s6 dong hoc vao ma tran tong quat  H: ™! ta dwoc cac ma tran bién doi
thuan nhat gitra cac hé toa do:

cos(q;) —sin(q;) 0 [ *cosq,

HO = sin(q,) COS g4 0 [ *sing
0 0 1 0

0 0 0 1
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cos(q;) sin(q;) O Ly xcosq
Hi = |sin(@) —cos(@) 0 L *sing,

0 0 -1 0
0 0 0 1
1 0 0 0
2 101 0 O
Hi =10 0 1 g
0O 0 0 1

Tl c&C ma tran trén ta co:
DY = H) = H} = H2

cos(q; +q;) sin(qs+q) O  lj*cosqy + 1, *cos(q; + q;)
DO — sin(q; +q2) —cos(q; +qz) 0 Iy *sing; + 1, *sin(q; + q3)
3 0 0 -1 —q5
0 0 0 1

Céc phuong trinh x4c dinh diém P a:

y_p =l ¥sing; + [, *sin(q; + q3)

{x_P = [, xcosq, + 1, *x cos(q; + q3)
Z_p=—(q3

7.2.2 Bai toan dong hoc nguoc
Theo bai toan dong hoc thuan ta co:

y_p = L *sing, +1, *sin(q; + q;)
Zp= 03
= x,% = (I3 xcosqy)® + [l * cos(qy + qz)]1* + 21, *cosqy * 1, * cos(qy +
qz)

{x_P = [, xcosq,; + 1, *cos(q; + q,)

= }’_PZ = (I} * sin Q1)2 + [1, * sin(q; + QZ)]Z + 2*1; *sinq, * 1, * sin(q; + q3)

Sxp2+ yp2 =12+ 1,2 4+ 2%l xl,*xcosq,

x_P2+Y_P2—1§—1§)

— -1
= (, = COS ( L,
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Xét trén mat phang Xoyo nhu hinh 1 ta co:

Yo A
y .“'-.
01
(12
(1

0o X -

Xo
Hinh 16: Bgéng hoc nguroc tay may Scara
Theo hinh 1 ta c6:
1 (YpP _ [, * sin q,
- = (2 (2
a1 12 — 921 an X an I, + L, * c0s g2

Nhu vay ta c6 hé phuong trinh:

Yp [, *sinq,
- (1) o)
i n <x_P> B l; + 1, x cos q2

X_P2 +3’_P2 = l% - 1%
2x1; %1,

qp = cos‘1<

Q3 = —Zp

Pé tim nghiém thi phai cho cac khép nam trong pham vi lam viéc :

Véi bién khop qi: —120° < q; < 120°
Bién khaop g2: —145° < q, < 145°
Bién khép q3; 0(mm) < g5 < 400 (mm)
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Bang 5: Cac diém cho trudc va két qua caa bai toan dong hoc nguoc

biém Gié tri cac bién khop Gia tri toa d6 cac diém

a1 p) as X y B
A 1.3027(rad) | 0.5361(rad) -35(mm) | 0 675 35
B -2.1546(rad) | 1.4896(rad) | -35(mm) | 82.5 -508 35
C -1.9797(rad) | 1.0948 (rad) | -35(mm) | 82.5 -592 35
D -2.3295(rad) | 1.5174 (rad) | -35(mm) | O -508 35
E -2.1337(rad) | 1.1258 (rad) | -35(mm) | O -592 35
F -2.4766(rad) | 1.4896 (rad) |-35(mm) |-82.5 | -508 35
G -2.2567(rad) | 1.0948 (rad) |-35(mm) |-82.5  |-592 35

Bai toan quy dao:
+ Khop gl
Tai vi tri xuat phat cua tay may:
q = Qs (rad) ,q = qys(rad/s)
Tai vi tri két thlic cua tay may:
q = gy (rad) ,q = qq¢ (rad/s)
Thoi gian dich chuyén cua tay may tir vi tri xuit phat dén vi tri két thac 1a t (s).
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Bai Lam
Chon quy luat chuyén dong caa khép g1 ¢6 dang da thic bac 3 theo thoi gian:

{q(t) = ay;*xt3+ a,*xt>+a;xt + a
g(t) = 3*az;*t?> +2*a,*t +a,

Tai thoi diém xuét phat (t = 0) ta co:

{q(t =0) =a3*x0+ a,*0+a;*0 + a; = qq
gt = 0) = 3*xaz*x0 +2xa,*0 +a; = g5

Tai thoi diém xuat phét (t=t) ta co:
q(t) = az*t>+ ay*xt>+a;xt + ap = qyf
g(t) = 3xaz*t?> +2%a,*t +a; = G5
Ta c6 4 hé phuong trinh bon an as; az; a1;a0

az;*0 +a,*0 + a;,x0 +ag*x1 = qq5
3xaz3*x0 + 2*xa,*0 + a;*x1 + ap*x0 = gy,

az*t> + az*xt*> + agxt + ag*x1 = qyf
|B3*as*t? + 2%apxt + a;*1 + ag =0 = gy

Tuong tng:
0 0 0 1 as (?15
0 0 1 0|, |af _ |%s
£3 t2 t 1| (91| T |Y1r
3xt? 2xt 1 0] Lao d1f
bat:
0 0 0 1 as (?15
0 o 1 ol , _laf.,. _ |41
=1 2ot g T el @ = o
3xt2 2xt 1 0 Ao dif
Ta co:

T, xA; = Q, hay A, = T1_1 * Qq
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+ Khop g2
Tai vi tri xuat phat cua tay may:

q = qps (rad),q = gas(rad/s)
Tai vi tri két thic cua tay may:

q = gy (rad),q = gy (rad/s)
Thoi gian dich chuyén cua tay may tir vi tri xuat phat dén vi tri két thac 1a t (s).

Bai Lam

Chon quy luat chuyén dong cua khép g1 ¢d dang da thic bac 3 theo thoi gian:

{q(t) = az*xt3+ a, *t*+a, *t + a,
g(t) = 3*xaz*t? +2*xa,*t +a,

Tai thoi diém xuat phat (t=0) ta co:

{q(t =0) =a3*x0+ a,*x0+a;*0 + ay = g,
gt = 0) = 3*xa3*x0 +2*xa,*x0 +a; = G

Tai thoi diém xuat phat (t=1t) ta co:
q(t) = az*t>+ ay*xt>+a;xt + ag = qyf
q(t) = 3xaz*t?> +2%a,*t +a; = Gy
Ta 6 4 hé phuong trinh bon an as; az;a1;a0

a;*0 +a,*0 + a; *x0 +ap*x1 = gy
3xaz;*0 + 2*xa,*x0 + a;,x1 + ap*x0 = gy
az *t3 + ap*t* + apxt + ag*x1 = qy
B*as*xt? + 2xazxt + a;*1 + ag*0 = gy

Tuong ung :
0 0 0 1 as ('IZS
0 0 1 0], |2 _ d2s
t3 t2 ot 1| |a| T |ber
3xt2 2xt 1 0] Llao d2f
bat :
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0 0 0 1 as C.Izs
n= % % 1 %a=2|ie=]
3xt2 2%t 1 0 Qo dzf
Taco:
T,*A, = Quhay A, =T, *Q,
+ Khop g3

Tai vi tri xuat phat cua tay may:
q = qg3s (rad),q = qss(rad/s)
Tai vi tri két thic cua tay may:
q = qz(rad),q = q3r (rad/s)
Thai gian dich chuyén cua tay may tir vi tri xuat phat dén vi tri két thac lat (s).
Bai Lam
Chon quy luat chuyén dong cta khép g1 ¢ dang da thuc bac 3 theo thoi gian:

{q(t) = az*t>+ a,*t*+a, xt + a,
g(t) = 3xaz*t? +2xa,*t +a,

Tai thoi diém xuat phat (t=0) ta c6:

{q(t =0) =a3*0+ a,*x0+a,*x0 + a, = qss
qt = 0) = 3*a3*x0 +2*xa,*0 +a, = Q3

Tai thoi diém xuat phat (t=1) ta co:

q(t) = az*t>+ ay*xt* +a;xt + ap = qzf
q(t) = 3*xaz*t?> +2xa,*t +a; = Q3

Ta c6 4 hé phuong trinh bdon an as; az;ai;ao
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a;*0 +a,*0 + a; *x0 +apg*x1 = qa,
3xa3x0 + 2xa,*0 + a;*x1 + ap*x0 = q3;
az *t> + ayxt* + a;xt + ap*x1 = qzf
k3*a3*t2 +2xa,xt +a;*x1 + ag*0 = g3

Tuong tng :
0 0 0 1 as fl3s
0 0 1 of,|a] _ |95
t3 2 t 1 ai| — |43r
3xt2 2+t 1 0] Lao dsf
bat .
bat :
0 0 0 1 as 5.135
0 0 1 0]. _lazl. _ | 43s
=1 ¢ 2t 14 T a9 = |asy
3xt2 2xt 1 0 Qo q3f
Taco:

Cho tay may robot scara. Tay may di chuyén tir A dén B trong khoang thoi gian t=5s
; tai A, B robot ding yén. Tai A: q; = —2.1546 (rad) ,q, = 1.4896 (rad),q; =
—35 (mm) taiB g, = 1.3027(rad),q, = 0.5861 (rad),q; = —35 (mm).

Tim quy luat chuyén dong cua cac khép q4, g2, g3 ?
Gial
Xeét khaop q;:
Tai vi tri xuat phéat cua tay may:
Qs = —2.1546 (rad),q,s = 0 (rad/s)
Tai vi tri két thlc cua tay may:
g = 1.3027 (rad) ,qyf = 0 (rad/s)
Chon quy luat chuyén dong cta khép g1 ¢ dang da thic bac 3 theo thoi gian:
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{q(t) = az*t3+ a,*t*+a, xt + a,
g(t) = 3xaz*xt> +2*a,xt +a,
Tai thoi diém xuat phat (t=0) ta c6:
{q(t =0) =a3*0+ a,*0+a;*0 + a; = —2.1546
qit = 0) = 3*xaz3*x0 +2xa,*0 +a;, =0
Tai thoi diém xuat phat (t = 5) ta co:
{q(t) = az*t3+ a,*t*+a, xt + a, = 1.3027
gt) = 3xaz*xt> +2xa,*t +a; = 0
Ta c6 4 hé phuong trinh bon an as; az;ar;ao
a;*0 +a,*0 + a; x0 +ap*1 = —2.1546
3xaz3*0 + 2*a,*0 +a;*x1 +ap*x0 =0
a; *t3 + a, *t? + a; *t + apx1 = 1.3027
3xaz*t? + 2%a,*xt + a;*1 + ap*0 = 0

Tuong tng :
0 0 0 1 as —2.1546
0 0 1 0],[%]| = 0
t3 t2 t 1 a, 1.3027
3xt2 2xt 1 0 Qo 0
bat :
as —0.0553
A = az|1 _ 1 0.4149
L7 |ag | — 0
Qo —2.1546

Suy ra dugc quy luat chuyén dong khép gy

{ql(t) = —0.0553 *t3 4+ 0.4149 * t* — 2.1546 (rad)
G.(t) = 3% —0.0553 xt% + 2 0.4149 =t (rad/s)

Xeét khop q, :
Tai vi tri xuat phat cua tay may:
gys = 1.4896(rad),q,s = 0 (rad/s)
Tai vi tri két thic cua tay may:
gy = 0.5361 (rad),q,¢ = 0 (rad/s)
Chon quy luat chuyén dong cua khép g2 c6 dang da thirc bac 3 theo thoi gian:
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{q(t) = az;*xt3+ a,*t>+a; xt + ag
Gt) = 3*xag*t? +2*a,*t +a4
Tai thoi diém xuat phat (t=0) ta c6:
{q(t =0) =a3*0+ a,*0+a; *0 + a, = 1.4896
qit = 0) = 3*xaz3*x0 +2xa,*0 +a;, =0
Tai thoi diém xuat phat (t=5) ta co:

{q(t) = az*t3+ a,*t*+a, xt + a, = 0.5361
g(t) = 3*xas*xt? +2*a,*t +a;, = 0

Ta c6 4 hé phuong trinh bon an as; az;ar;ao

a;*0 +a,*0 + a; *x0 +a,*1 =1.4896
3xaz3*0 + 2*a,*0 +a;*x1 + ap*x0 =0
ia3*(5)3 + a,*(5)> + a; x5 + ay*1 = 0.5361
3xa3*x5% + 2*xa,*5+ a;*1 + ay*0 = 0

Tuong ung :
0 0 0 1 as 1.4896
0 0 1 0 " o 4 0
t3 t2 t 1 a; 0.5361
3xt2 2%t 1 0 Ao 0
bat
as 0.0153
s a| _ [—0.1144
2 7 lag | T 0
Qo 1.4896

Suy ra dugc quy luat chuyén dong khép qs,:

{qz(t) = 0.0153 * t> — 0.1144 = t*> + 1.4896 (rad)
G,(t) = 3%x0.0153 *%t?> + 2 —0.1144 «t (rad/s)

Xeét khop g5 :
Tai vi tri xuat phat cua tay may:
qss = —35(mm),q3s = 0 (mm/s)
Tai vi tri két thlic cua tay may:
qzr = —35 (mm),qzr = 0 (mm/s)
Chon quy luat chuyén dong cua khép gs c6 dang da thirc bac 3 theo thoi gian:
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{q(t) = az;*xt3+ a,*t>+a; xt + ag
Gt) = 3*xag*t? +2*a,*t +a4
Tai thoi diém xuat phat (t=0) ta c6:
{q(t =0) =a3*0+ a,*0+a; *0 + a, = —35
qit = 0) = 3*xaz3*x0 +2xa,*0 +a;, =0
Tai thoi diém xuat phat (t=5) ta co:

{q(t) = az*xt3+ a,*t>+a;xt + a; = —35
gt) = 3xaz*xt> +2xa,*t +a; = 0

Ta c06 4 hé phuong trinh bon an as; az;ai;ao

a;*0 +a,*0 + a;*0 +ay*1 =-35
3xaz3*0 + 2*xa,*0 +a;*x1 +ap*x0 =0
iag*(5)3 + a, *(5)* + a; *5 + ap*1 =-35
3%a3;*x5% + 2*xa,*5+ a;*1 + ay*0 = 0

Twong ung :
0 0 0 1 as -35
0 0 1 0 A a| 0
t3 tz2 ot 1 a;| = |[-35
3xt? 2+t 1 0 Qo 0
bat
as 0
_ |az2] _ 0
43 = al— 10
ay —-35

Suy ra dugc quy luat chuyén dong khép qs:

{qs(t) = —35(mm)
q3(t) = 0 (mm/s)
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7.3 Tinh toan/phan tich/thiét ké
Thiét ké hé dan dong Robot
Gioi thieu mot sb hé din dong hay dung trong robot cong nghiép
C6 rat nhiéu loai hop giam téc duoc sir dung trong thiét ké robot cong nghiép,phu
thudc vao yéu cau k¥ thuat ,muc dich (ng dung cta robot ta c6 thé chon dugc mot hop
giam téc phi hop.duéi day 1a cac hop giam tdc thong dung trong thiét ké robot va dic
diém @ng dung co ban cta ching

Hop giam téc banh ring try

Hinh 2.6 Bo truyén banh ring tru

Hop giam tdc banh rang tru ¢6 hiéu suat truyén khong cao,c ti sé kich thudc trén ti
sb truyén Ion ,d6 chinh xac khong cao,ti s6 truyén thap, trong céc robot c6 yéu cau két
cau nho , d6 chinh xac cao thudng khong sir dung. Tuy nhién véi wu diém két cdu co khi
don gian,gia thanh ré va pho bién trén thi truong c6 kha nang 1am viéc véi pham vi van
tée va tai trong rong nén bo truyén banh ring try van dugc dung pho bién cho céc tay
may cong nghiép.

Hop giam tdc banh rang hanh tinh
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Hinh 2.7. BG truyén hanh tinh

Bo truyén hanh tinh bao gdm céac banh ring trung tim,can mang truc,cac banh vé
tinh. B truyéen hanh tinh ¢6 nhiéu vu diém nhu két cau don gian,nho gon ,do chinh xac
cao,hiéu suat cao,quan tinh nho,tuy vao két cau ma co dai ty so truyen tier mot téi hang
tram 1an

Bo truyén banh ring song

Hinh 2.8. B6 truyén banh ring song

Bo truyén banh riang song ¢6 nhiéu wu diém nhu d6 chinh xac co khi 1ap lai cao
momen xoan truyén 1on,hé sé giam tc cao tir 50 : 1 cho toi 320 : 1, két cdu dong truc.
Loai bo truyén nay c6 két cau phuc tap, khé ché tao nén gia thanh cao tuy nhién van
duoc tng dung rong rai cho robot.

Tinh toan hé dan dong

Trong bai tap 16n ndy chdng em lya chon loai truyén dong dai rang 2 cap cho tit ca
cac khop.
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Hé dan dong thiét ké gom 1 dong co step ndi vai bo truyén dai rang 2 cip qua 1 puli
rang ndi véi truc caa khop.

O tat ca cac hé dan dong cua cac khép ta déu chon ti sé chuyén 13 4 ta c6
Uy, =Uu, =16

Hiéu suat cua hé dan dong la:

1= e o 11

trong do:

hiéu suat b truyén banh ring try ring thang 1 cap las-  =0,95 hiéu suat 6 lan :
No1= 0,99

Tra tir bang 2.3 tr 19 sach trinh chét tap 1
7= 1y 7’y =0,95.0,9921=0,93

2.5.1.1 Tinh chon déng co cho khop 1
Cong suat lam viéc

Tir phuong trinh mémen theo thdi gian da xac 1ap phan tinh hoc ta tim dwgc mémen
I6n nhat M1 =1,1 lay 1am tron

_M,w,  M,w,n 784302z

Fu= = = = 3,46.10° (Kw)
1000  1000.60  60.1000

Cong suat can thiét trén truc dong co

P P[1:1 0,25
vel = 7 =9p,93/4=3,72.1073 kw

S6 vong quay trén truc cong tac

’ ’ vbngj )
Chon s6 vong quay I6n nhat cua khap 1 1a 30 phut
S6 vong quay trén truc dong co
rong /
Nsb1 _Tiv1 Usbs — 30 16 = 480 phut
Chon dong co :
Chon dong co phai thoa man diéu kién:

vf:-ngx )
NgcrMepy =480 /PhUL

45



Faculty of Mechanical Engineering and Mechatronics
Pacy> Pee1=3,72.1073 kw
Tinh chon dong co cho khép 2
Cong suat 1am viéc

Tir phuong trinh mémen theo thdi gian d3 xac 14p phan tinh hoc ta tim dwgc mémen
I6n nhat

M2=0.0714
N=30

_M,w, _M,w,n, 7,21.30.2z

P2 = = =3,24.10* (Kw)
1000  1000.60  60.1000

Cong suat can thiét trén tryc dong co

_Re_ —0'0233 341,10 (Kw)

n 0,9

P

yc2

\Vong quay trén truc céng tac
£ . .- [
Chon s6 vong quay 16n nhat caa khép 2 1a 30 phit
S6 vong quay trén truc dong co
Ny, = Nyy,:Ng, =30.16 = 480(v/ ph)
Chon dong co
Chon ddng co phai thoa man diéu kién:
Ngez ~ MNopz = 4807014 /p hit
Paco> Frto= 3,41.10~*kw
Chon dong co
Theo catalog cta hang Stepperonline ta chon duoc loai dong co can thiét:
nema-23 véi mot sé théng sé co ban sau:
Dic diém k¥ thuat dién
M4 san pham ciia nha san xuat: 23HE22-2804S
S6 pha: 2
Goc buoc: 1,8 do
M6-men xoan giir: 1,26 Nm(178,40z.in)
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Dong dinh mirc/pha: 2,8 A

bién tro pha: 0,9 ohms + 10%
bién cam: 2,5 mH = 20%(1KHz)
Dic diém k§ thuat vat ly

Kich thudc khung hinh: 57 x 57 mm

Chiéu dai co thé: 56 mm

buong kinh truc: ®6,35 mm

Chiéu dai truc: 21 mm

Chiéu dai cit chit D: 15 mm

S6 lugng khach hang tiém nang: 4

Chiéu dai chi: 300 mm

Cén nang: 0,7kg

SEMAX

Faculty of Mechanical Engineering and Mechatronics

Su lién quan
A+ MOT- B+ B-
BLK GRN MAU DO BLU
57 JMAX 211
O O [
@ @ 152025 B
© )| 4 o
L 8| 585:0.15
@ @ 55.35'-3;1.!;-12 E
/ 1
% G |
&

4-25,240,25 / I]I[[[I

uL1007
AWG22

£10

|—500

Thong sé kich thudc
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HOT
STEPPER DRIVER

Model DM542T(v4.0) DM542T(V2.3)

PIC

Control Signal 5 / 24V selector on the tgp 5V, need to connect 2KQ

Volt of driver, factory setting is resistances if using 24V
Shae 24V (PLC)

Digital Output Alarm output None

Input Signals: 6pin@3.81mm ; : )
Connector Output Signals: 2pin@3.81mm | 'NPut Signais: 4+2 pin@5mm
Power & Motor: 6pin@5mm Power & Motor: 6pin@5mm

Output Current DIP switches SW1-SW3, DIP switches SW1-SW3,
Setting Max 4.5A Max 4.2A

Théng s6 chi tiét dugc giudi thiéu & phan dién

Thiét ké bo truyén dai rang cho khép 1

Cong suat trén céc truc

Cong suét trén truc cong tac Fra = 3,72.1073 (kw)
Prq 0,023

congsuattréntructrunggp 1 = Mot = 0,99 =3,75.1073 (kw) Cong suat trén
Py 0,0232
truc 1= Mot Mbr = 0,99.0,9:?:': 4.1073(kw)

, I
Toc do quay trén cac truc

Téc d6 quay trén truc dong co ndc = 480 (vg / ph)
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Téc do quay trén truc trung gianl

L=
cong tac nll=w =30(vg/ph)
Momen trén cac truc:

Momen xoén trén truc dong co:

nl=ndc =120 (vg / ph) Téc d6 quay trén truc

T, =9,55x10° e 9,55x10° (3958 49272,03(Nmm)
n, 960
Momen xoin trén truc |
T,=9, 55x10° ><ﬂ =9,55x10° x @ =48297,13542 (Nmm)
n, 960
Momen xoén trén truc |1
T, = 9,55x10° x& =9,55x10° xw =183598, 75(Nmm)
n, 240
Pong co Truc I Truc II Cong tac
Ty sd truyén ukn=1 ubr =4 uct=1
Cong suét (KW) 0,3 0,025 0,0232 0,023
S0 vong quay 480 120 30 30
(v/ph)
Momen xoan 23875 1990 7385 7322
(Nmm)
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7.3.1 So dd lyc tac dung 1én céc truc

Hinh 17: Hinh 3D truc | va truc Il

ﬂ
R
|

y
x

< L
Fy2
N Fy4

b\ ! e M ™
H— M ERRRANIIN

-
|

Hinh 18: Biéu dién luc trén truc 1 va truc |1
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7.3.2 So dd lyc tac dung 1én tirng truc

Fx2

N

\H: Fr2
Fi2

Ft1
":X
-
Fx1
7 -+
Fyl

Hinh 19: Biéu dién luc trén truc |

Fxd |
«—
Ft3 ~ N
Fr3
-
L
3 o :
«——
N Fr3
N

Hinh 20: Biéu dién luc trén truc 11

7.3.3 Gia tri luc tir cac chi tiét, bo truyén tac dung lén truc
Trén mdi banh rang c6 2 thanh phan lyc:
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- Luc vong
- Luc hudng tam
Cac lyc vong, luc hudng tdm caa bo truyén dai rang trong hop:
Luc hudng tam luén hudng theo banh con lai.
Ap dung cong thac 10.1, T184, [1], ta co:
2T) _ 2x298/4

- Lycvong: Fyq = i 12,7 N
2Ty _ 2X298,4
F, ="—"2= =49,7N
dw2
2T, _ 2X1184,2
F=—%= = 50,4 N

- Luc hudng tam:
F,=1F,=127N
F.,=1.F, =497N
F.;=1.F;=504N

7.4. Thiét ké so bd truc

7.4.1 Chon vt liéu ché tao truc

O cac chi tiét quan trong, hop giam téc, hop tée do...khi chiu tai trong trung binh,
thuong dung thép 45 dem di thuong hoéa hoac toi cai thién, hodc thép 40X dé ché tao tryc.

Ta chon thép C45 tdi cai thién cd: o = 750 Mpa, och = 450 Mpa va trng suat xoan cho
phép: [z] = 15...30 Mpa
7.4.2 Tinh so bo duong kinh truc | va Il
Truc I:
Véi: P1 = 3,75.1073 kW, n1 = 120 vg/ph, T1 = 298,4 Nmm.
Dung c6ng thuc 10.9, T188, [1]: Ta co:

4 3 T, 3 298,4 — 36 46
7 Jo.2[t]  J0.2x(15..30) T

=> Chon d, = 5mm => by; = 12mm (Chiéu rong 6 lin, B10.2, T189, [1]).
Truc II:

V6i: P2 = 3,72.1073kW, n2 = 30 vg/ph, T, = 1184,2 Nmm.
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Dung c6ng thuc 10.9, T188, [1]: Ta co:

St T, s 1184,2 _cg 74
27 10.2[r] ~ J0.2x(15..30) TV

=> Chon d, = 20 mm => b,, = 12mm (Chiéu rong 6 lan, B10.2, T189, [1]).

7.5 Chi tiéu tinh toén truc
Ung suét uén o, do céc luc F, / F, hay M, / M, gay ra

Ung suét xoan T do momen xoan T gay ra
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7.6. Tinh va chgn duwdng kinh cic doan truc trén cac truc

7.6.1 Tinh thiét ké truc I

‘FXZ ]
™ \':-"2
'\\ 3
=l M Fr2-
Fi2
LNl !
< Fr1 E
~ I
Fx1

i < "—‘\-\"
Fyl

Hinh 21: Tinh thiét ké truc |
a) Tinh phan luc
Gia str phuong chiéu lrc tic dung nhu hinh vé
L1= 25 mm, I2= 25mm, 13= 40mm
Lyc tir chi tiét quay tac dung 1én tryc:
—Theo phuong xOz:
zFX = 0 Fy+Fy—Fy+F,=0(1)
ZMyl =0 F,;,.90 - F,,.50+ F,, x25=0

< F,,=—-24N
Thay vao (1) ta dugc
< F,=—-F,=24N

Vay F,,, clng chiéu vai chiéu chon ban dau
Vay F,,, nguoc chiéu véi chiéu chon ban dau
—Theo phuong yOz:
ZFY =0 Fyy—Fyy — Fp + Fyp = 002)

ZMJC:0<:>Ft1'25+Ft2'50_Fy2'90:0

54



Faculty of Mechanical Engineering and Mechatronics

& F,, =17,25N
Thay vao (2) ta dugc

Vay F,;, cling chiéu véi chiéu chon ban dau
Vay F,,, nguoc chiéu véi chiéu chon ban dau

b) V& biéu dd6 momen

= ] -
ra— |_| —
0 l M,
11128 +811.25
" ="
-600
-596.4
0 i

Hinh 22: Biéu d6 Momen va két cdu truc |
¢) Tinh momen ubn, momen tuong duong va dudng kinh cac doan truc

M6mem udn tong M;va mémem tuong duong M,y (g voi cc tiét dién j duoc tinh
theo cong thuec:

55



Faculty of Mechanical Engineering and Mechatronics

— 2
Mj—«/MijJFM i

My = \/sz +0,75.T%

d].:

Trong do:
M;, My;, d; - lan luot 13 mdmem udn téng, mémem twong dwong, dudng kinh tryc tai
cac tiét dién j trén chiéu dai truc.

Myj’

M,; - mOmen uon trong mat phang yOXx va xOz tai cac tiét dien thu j.
[6]- mdmem ubn cho phép ché tao truc, tra bang 10.5, [1] ¢6 [c] = 63 (MPa)

- Tai tiét dign 6 lan 1-0 :

+ My = 0 (N.mm)

+ MXlO == 0 (Nmm)

+T1 =0 (N.mm)
M10 = 0 (Nmm)
Mig10 =0

’ M
dip = ’ _Ollt:[;o] = 0 (mm)
- Tiét dién tai puli rang 1-3 :

M, = 1128 (N.mm)

+My3 = /M,%13 + M3 = V—6002 + 11282

= 1277,6(N.mm)

+Myg13 = /M% + 0.75 X T2 = \/1277,6% + 0.75 x 298,42
= 1303,5(N.mm)

tdyy = s 313038 _ g g ()
13 0.1x[o] 0.1X63 ’

- Tiét dién tai puli rang 1-4 :
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+My14 = _282,5 (N.mm)

+Mx14 = 811,25 (N.mm)

+My3 = [MZ5 + M2,; =/—282,5% + 811,252 =859 (N.mm)

+Myq13 = \/M? + 0.75 X T? = /8592 + 0.75 X 298,42
= 897(N.mm)

3[M 3[1303,5
+dyz = td1s = 5,2 (mm)
0.1x[o] 0.1X63

Ta chon dudng kinh tryc theo tiéu chuan dé dam bao diéu kién lap ghép, vay ta chon
duoc:

dip = 10mm
di3 = 20mm
dis = 10mm

d) Tinh chon then
Véi duong kinh chd lap then tiét dién puli 1-3 d = 20(mm) tra Bang 9.1a (trang173)
[1] ta duogc:

—Kich thudc tiét dién then: b=6,h =6
—Chiéu sau ranh then: 1 =3,5,t,=2.8

Véi duong kinh chd lap then tiét dién puli 1-4 d = 10 tra Bang 9.1a (trang173) [1]
ta duoc:

—Kich thudc tiét dién then: b=3, h =3

—Chiéu sau ranh then: t; = 1,8, t, = 1,4

> Chiéu dai then theo tiét dién chaa Puli 1-3:

Iy, = (0.8..0.9).1 5 = (0.8..0.9) X 25 = 20 ....22,5
=>chon l;; = 20 mm

Chiéu dai then theo tiét dién chaa Puli 1-4:

l,, = (0.8..0.9).1 ., = (0.8..0.9) X 25 = 20 ....22,5
=>chon l;, = 20 mm

> Kiém tra do bén cua then: theo cong thirc 9.1 va 9.2 trang 173 [1]
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Diéu kién kiém nghieém: , trong do:
o4 [04] - Ung suat dap va ang suat dap cho phép: [a,4] = 100 (MPa)
1, [t,] - Ung suit cit va ang suit cit cho phép: [t.] = 40...60 (MPa)

—Kiém tra do bén dap trén mat tiép xUc gitra truc va then cia banh rang nho. Thay s6
vao 2 cong thic trén ta duoc :

= 2.1 = ki 0,59 (MPa) < [o,;] = 100 (MP
{’d_d.ltl.(h—tl) = 20x20x (6=335) 2 MPa) < loa] = 100 (MPa)
2.T 2 x 2984
= ql,b  20x20x6 (MPa) < [rc] (MPa)

=> Thoa min diéu kién dap va diéu kién cat trén mat tiép xdc gitra then véi mayo va
truc. Vay chon then dam bao yéu cau

—Kiém tra do bén dap trén mat tiép xuc gitta truc va then caa Puli 1-4. Thay s6 vao 2
cong thtrc trén ta duoc :

= 2.1 = T = 2,4 (MPa) < [o,] = 100 (MP
{Gd_d.ltz.(h—tl) = Tox20x(@-18) >+ MPa) < loal = 100 (MPa)
2T 2x25060.28

- = = 1 (MPa) < = 40... MP
k i d.li;. b 10 x 20 x 3 (MPa) < [t] 0...60 (MPa)

=> Thoa man diéu kién dap va diéu kién cat trén mat tiép xdc gitta then v6i mayo va
truc. Vay chon then dam bao yéu cau

e) Tinh kiém nghiém d6 bén
Kiém nghiém tryc

Vi thép 45 c6:0;, = 750(MPa)
o_, = 0.436.0, = 0.436 X 750 = 327(MPa)
7_, =0.58.0_;, = 0.58 X 327 = 186.66(MPa)
Véi o_, va 7_, 1a gigi han moi uén va xoan ang véi chu ky ddi xing va theo bang
10.7tr.197 [1] tacé : ¥, = 0,1 (MPa), ¥, = 0,05 (MPa)
C4c truc trong hop giam téc déu quay, ang suat thay doi theo chu ki dbi xing, ta co:

nd;®  bity(dj-t1)?
32 2.d]'

Mj - o me
Toj = Tmaxj = Wj va g, = 0; voI W; = (truc c6 mot ranh then)
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M;

Nén: a,; = = i
en: O-a_] - Gman - W] o T[‘dj3 b4t1.(dj-t1)2

32 2.dj

Truc quay mét chidu nén tng suit xodn thay doi theo chu ki mach dong, ta c6:

T = Taj = % = 2T_V\]/0J Véi Wy = nff ) b.tli(;.{i,t =
—)ijzTaj:Tman: d - 3 d
2 2. Wy ) <n.dj bty (d; - t1)2>
"\ 16 2.d;

Vi Wy; va w; 1a m6 men can xoan va can uén tai thiét dién thir j cua truc

Xac dinh hé s6 an toan tai cac tiét dién nguy hiém cua tryc:

Dya vao biéu d6 mémem uén va mémem xoan trén truc I ta thay céc tiét dien nguy
hiém la tiét dién lap banh rang 3 va tiét dién lap 6 lan 1. Két cau truc vira thiét ké dam bao
d6 bén moi néu hé sb an toan tai cac tiét dién nguy hiém d6 thoa man diéu kién sau:

SgSt__ (s]

/SO_Z + STZ

S:

Trong do6:

[s] 12 hé s6 an toan cho phép, [s] = 1,5 ...2,5

Sy, Sy 12 hé s6 an toan chi xét riéng cho trudng hop wng suat phap hoic tng suat tiép,
dugc tinh theo cong thic sau:

g

He¢ s6 an toan tinh riéng ve tng suat uén 1a: s,; = —
6dj-Oaj T VY 5-Omj

7]

Hé s6 an toan tinh riéng ve ung suat xodn la: s; = A —
©dj-Taj T Wg-Tmj
Trong do:
o_4,T_1 1a giéi han moi ubn va xoan véi chu ky déi xing
OajsTa; V@ Oy T, 12 bién d6 va tri s6 trung binh ciia tng suat phap va &ng suat tiép
tai tiét dien xét
Chon so b kiéu lap H6 theo bang 10.11 tr.198 [1] ta c6:

fo—254 ;5=192

Ea &t

, x e . A M ’, A < A M
Ung suat uon bién: o, = — ; Ung suat xoan bién: 7, = —>
Wy 2

X

B =1 - hé sb bé mat
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=0,1 .
{%_ 0, tra bang 10.7, trang 197 [1] v¢i 0, = 750(MPa)

W, = 0,05
Ko ;» Kegj 12 ciC he sb dugc xac dinh theo céng thuc:
1

KO'dj_ g_+Kx-1 .K_
o X

K, 1
K‘t‘dj = (g_T +Kx- I)K_y

Trong do:

K., K, lan luot 1a hé sé tap trung ng suat do trang thai bé mat vé hé sé ting bén bé
mat. Tra bang 10.8, trang 197 [1] ta duoc: K, = 1,1 ; K, = 1

Tai thiét dién lap 6 Lin 1-0:

Cac thong sb nhu sau:

DPuong kinh thiét dién: 10 mm

bxh:0
t1:0
. W - nd?_, _ bi—oti(di_o—ts)? =~ mx10%  3x1,8x(10-1,8) — 95 9(mm3)
10 22 2.d; 32 2x10 ’
N o, W nd3_, _ bi_ota(di_o—t1)? ) m.10°  03x1,8x(10-1,8) A 194(mm3)
010 16 2.d1—¢ 16 2x10
= Gino=Mtaro _ 0 _ (MPa)
alo W10 95'9
T 298,4
= Ta10 = N\ = 0,78 (MPa)

2Wo1o  2X194

Kiém nghiém hé sé an toan s:

= Kadlo=(I:_:‘l’Kx_l)i:(2.54+1.1—1)X1=2,64

Ky

D Ky = (I:—:+Kx—1)Kiy=(1.92+1.1—1)><1=2.02
= So10 = 2=t = 527 =423
Kod10-0a10+¥o-Omio  2.64X29.29+0.1X0
= St10 = ot = 186.66 =11.43
Krd10-7a10+"p7:-7m10 2.02X7.9840.05.4.19
Sg. Sy 423 x 11.43
= =3.98 > [S]

S = =
JS2+SZ  V4.232 4+ 11.432
Thoa man diéu kién vé hé sb an toan
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Tai thiét di¢n lip banh riing 1-3:
Ta c6 cac thdng sb sau:
DPuong kinh thiét dién: 20 mm
Kich thudc then b x h: 6 x 6 mm
Chiéu sau ranh then trén truc t,: 3,5 mm

Ta tinh dugc cac két qua tinh toan sau:

= W — T[dg3 _ b13t1(d13—t1)2 — 7T.253 _ 8.4(20—4)2 — 1251 74(mm3)
13 32 2.d13 32 2.20 '
N W = nd3, _ bysty(de—p—t1)* _ mx253  8x4x(25-4)? — 2785 72(mm3)
013 16 2.d13 16 2%20 '
al3 = . 1251.74 '
T 25060.28
= Tg3 = —0— = =9 (MPa)

2Wp13  2X2785.72

S¢St 26.57X9
- 2,02
JS§+S% V26.572+9

= S = = 8.52 > [S]

Vay théa man diéu kién vé hé sé an toan.

7.6.2 Tinh thiét ké tryc 11
a) Tinh phan luc

Gia sir phuong chiéu luc tc dung nhu hinh vé
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Fxd | '
< ~
Ft3 ~ \\f y4
122
Fr3
-
121
\_/
Fx3 -
< ~
N Fy3
Fa4 kBl
N |
Hinh 23: Tinh thiét ké truc Il
— Theo phuong yoz:
L21 =42, 122 =38.

ZFy :Fy3+Fy4—_Ft3 = 0
ZM.X =_Fy480_Ft342 = 0

=>F

4 = —26,46 N

Fy3 = 76,86N

=> F, 5 cling chiéu véi chiéu chon ban dau.
— Theo phuong xoz:

LFy=Fi+ Fg+ Feyt+Faa =0(4)

XM, =F342+F,.80 — F3.13,5=0

=>F,, = —68N

Thay vao (4) ta dugc:
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F.; = —153,5N

=> F,; cling chiéu vai chiéu chon ban dau.
b) V& biéu 6 momen

,?\ — ] —
J —T1 —1
I x
-10108
32205
IMx
258 4
26649
271632
118412

Hinh 24: Biéu do Momen va két cau truc 11
¢) Tinh momen ubn, momen tuong duong va dudng kinh truc

M6mem ubn tong M;va momem twong duong M,g; (rng V6i cac tiét dién j duoc tinh
theo cong thuc:

— 2
Mj—./szj+M i

Mg = \/sz +0,75.T"%

3
dj:

Mg;
0,1.[o] (mm)
Trong do:

M;, My;, d; - 1an luot 1a mdmem udn tong, momem tuong dwong, duong kinh truc
tai cac tiet dién j trén chiéu dai truc.

M

4i» Mj - mdmen uén trong mat phang yOx va xOz tai cac tiét dién thi j.

[6]- mémem ubn cho phép ché tao truc, tra bang 10.5, [1] ¢6 [o] = 63 (MPa)
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- Tai tiét dién cong tac :

T, =1184,2 N.mm

+ Mzz = M,)%ZZ + M}%ZZ = VOZ + 02 = O(Nmm)

+ Mygyp = /M2, +0.75 X T;? = /02 + 0.75 x 1184,22
= 1025,5(N.mm)

_ 3 Mtdzz _ 3[1025,5 _
+ dy = «fo.lx[a] - \l 0.1x63 5,4(mm)
- Tai tiét dién 6 1an 1 ;

+ szo = O (Nmm)

+ T, =1184,2 (N.mm)

My = |MZ0 + M2, = /02 + —2664,2% = 2664,2(N.mm)

Migzo = /M2, + 0.75 X Ty? = \/2664,2% + 0.75 x 1184,22
= 1954,8(N.mm)

_ 3 Mtdzo _ 3 1954,8 _
dyo = \’0.1><[a] - \I 0.1x63 6,7(mm)
- Tiét dién puli :
+ M,,3 =3220,56(N.mm)

+ M

+ My = [MZ;+ MZ,; = /3220,56 + —2715,322

= 4212,48(N.mm)

+ Mygps = /M2, + 0.75 X Ty? = /4212,482 + 0.75 X 1184,22
= 4335,5(N.mm)

bodyy = | dzs _ P390 _ g g mm)
23 0.1x[o] 0.1X63 ’
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Ta chon dudng kinh truc theo tidu chuan dé dam bao diéu kién lip ghép, vay ta chon
duoc:

dee = 22mm
dpui = 20mm
dzo = d21 = Zomm

d) Tinh chon then

Véi duong kinh chd 1ap then tiét dién dia xich d = 20 (mm) tra Bang 9.1a (trang173) [1]
ta duoc:

— Kich thuéc tiét dién then: b=6,h =6

— Chiéusaurdnh then; t1 = 3.5, t, = 2.8

> Chiéu dai then theo tiét dién chua puli:
Ly = (0.8..0.9). 1,5 = (0.8...0.9) X 25 = 20.....22,2
=>chon l;; = 20mm

> Kiém tra do bén cua then: theo cong thirc 9.1 va 9.2 trang 173 [1]

2T,
=2 <
%4 = (e — [o4]

2.7y
= <
Te dlgb — [zc]

Diéu kién kiém nghiém: , trong do:

a4 [04] - Ung suat dap va ang suat dap cho phép ; [o;] = 100 (MPa)
7, [t.] - Ung suét cat va (ng suat cat cho phép : [r.] = 40...60 (MPa)

— Kiém tra do bén dap trén mat tiép xdc gitra truc va then cua banh rang 16n. Thay
s6 vao 2 cdng thie trén ta duoc

LT ZXABGA9AET oo o
%4741, (h—t) 28x28x(7—-4) a) < loa] =100 (MPa)
2.T; 28 x 48649.461

= = = 15.51 (MPa) < = 40...60 (MP
| “Tdl,.b 28x28x8 5.51 (MPa) < [t.] = 40...60 (MPa)

=> Thoa mén diéu kién dap va diéu kién cét trén mit tiép x(c giira then véi mayo
va truc. Vay chon then d¢am bao yéu cau

— Kiém tra d6 bén dap trén mat tiép xuc giira truc va then cua dia xich. Thay sé vao
2 cbng thtrc trén ta duogc :
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(21 2x11842
!Gd T dly (h—t)  20x20x (6—35)
2.T) 2x11842

- = = 1(MPa) < = 40...60 (MP
l T4, b  20x20x6 (MPa) < [r] 0...60 (MPa)

= 2,4(MPa) < [o,] = 100(MPa)

=> Thoa man diéu kién dap va diéu kién cat trén mat tiép xuc giita then voi mayo
va truc. Vay chon then dam bao yéu cau.

e) Tinh kiém nghiém d6 bén
V6i thép 45 co:
o, = 750(MPa)
o_, = 0.436.0, = 0.436 X 750 = 327(MPa)
T_, = 0.58.0_, = 0.58 x 327 = 186.66(MPa)

Véi o, va 7, 1a gigi han moi udn va xoan ing véi chu ky d6i xing.Céc truc trong hop
giam téc déu quay, ung suat thay doi theo chu ki xtng, ta co:

M. _ d® bt.(d -t,)? . .
Ty = T = —= V& 0, =0 ; VO W, = T +(d; -t (truc c6 mét rénh then)
W, 32 2.d,
M, M,
o, =0, = —=
Nen=Sd s il s bt (d; - 1)’
32 2.d,

Tryc quay mot chiéu nén tng suat xoan thay doi theo chu ki mach dong, ta co:

. =71.= Cmax | — TJ' vei W, = 7Z'.dj3 ) b_'[l,(dj 't1)2
mj a 2 2-\Noj ) 0j 16 2dJ
= Tmj T Tq T LT T
22w, (zd® bt -t)’
| 16 2,

Vi W, , W, 1a mémem can xoan va can udn tai thiét di¢n thi j cua truc
Xac dinh hé s6 an toan tai cac tiét dién nguy hiém cua tryc:

Dua vao biéu d6 mémem ubn va mdmem xoin trén truc II ta thiy cac tiét dién nguy
hiém la tiét dién lap banh rang B va tiét dién lap 6 1an A. Két cu truc vira thiét ké dam bao
d6 bén moi néu hé sé an toan tai cac tiét dién nguy hiém do6 théa man diéu kién sau:
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Trong do:

[s] - hé sb an toan cho, [s] =1,5..2,5

s, S, - hé s an toan chi xét riéng cho truong hop @ng suat phap hoic ung suat tiép,
duoc tinh theo cong thurc sau:

A A N A P Ar AN 1A o}
H¢ so an toan tinh riéng ve tng suat uon la: s, = —~
Kcrdj Oy t W, .0

A AA Y e A A7 A < Y T
H¢ s6 an toan tinh riéng ve ttng suat xoan la: s ; = =
Krdj Ty T W, Ty

Trong do:

o ,, T, - giéi han moi ubn va xoan uang véi chu ki déi xung.

G, TyVA Oy, Ty - bién d VA trj s trung binh ciia ing suat phap va ting suat tiép tai tiét
dién xét.

Chon so bo kiéu lap h6 theo bang 10.11 (trang 198) [1] ta c6:

Ko 2om4 K 210

gO' 8‘[

¢ A A =A M g A < A Mo
Ung suat uon bién: o, = i ; Ung suat xoan bién: 7, =

X

B =1 -hésdbémat

=0,1 .
Vo tra bang 10.7 (trang 197) [1] v6i g, = 750(MPa)
w. =005

K,q;» K. 12 cac hé sb duoc xac dinh theo cong thirc:

K,q; = (& +K, 1}%
& X

(o3

Krdj = (KT + Kx - 1ji
£, K,

Trong do:
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K., K, 1an luot 1a hé s tap trung tng suét do trang thai bé mit vé hé sb tang bén bé mat.

Tra bang 10.8 (trang 197) [1] ta dugc; K« 711K, =1

Tai thiét di¢n lip 6 1an 2-0:
Ta c6 cac thong sb nhu sau:
DPuong kinh thiét dién : 20mm

bxh:0x0mm

t,:0
3 — —_+.32 3
D Wy = T2 _ baomtalao i) _ 225 _ 1533 98(mm?)
32 2.do 32
3 _ 2 3
S Wy = nfgo _ b20t12(22200 t1)” _ 711265 = 3067.96(mm?)
M 49539.21718
2 G0 = sz" = — ——— =32.29(MPa)
T: 48649.461
= Tazo = zv;oozo = 2xa06796 R (M1Pa)
Kiém nghiém hé sé an toan s:
D Kpazo = (2 + Ko —1)— = (254 + 1.1 - 1) x 1 = 2.64
. Ky

2 Keazo = (54 = 1) = (1924 14 = 1) x 1 = 2.02

01 327
= SO'ZO e - — 38
Kgd200a20t¥5-0m20 2.64%x32.294+0.1X0
T_4 186.66
= S‘EZO = - = 115
Krd20-7a20+lp‘r-7m20 2.02X7.93 +0.05%x4.19
S,.S, 11.5 x 3.8

JSZ+SZ2  V3.82+11.52 5]

Thoa mén diéu kién vé hé s an toan
7.7 Tai thiét dién lap puli:
buong kinh truc: 20
bxh :6X6
t, 13,5

VV] _ ﬂd]3 _ btl(d] - tl)z
32 2.4,
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_mdy;  bysti(dyz —t)?  mx28° 8x4x(28-4)°

Was =353 2. dys 32 2 % 28 = 1826(mm?)
nd} bt (d; — t;)?
1T 16 2.4
3 2 3 2
M,;; 58602.4155
Og23 = W,e = 1862 = 31.47(MPa)

Ty 48649461
a2 = Sy . 2 x 3981.12

= 6.11 (MPa)
Kiém nghiém hé sé an toan s:

> Koazs = (524 Ky = 1) = @54+ 11— 1) x 1 = 2,64
1

> Kegzs = (4K = 1) == (1924 1.1 - D) X 1= 202

Ky
0_1 327
= S, = = = 3.93
023 ™ K, 4230023+ W5.Omas  2.64X31.47+0.1X0
T_q 186.66
= S = = = 14.87
723 K‘rd23-7a23+lp1'23 2.02X6.11 +0.05%x4.19
S,.S, 3.93 x 14.87
S =38 > [S]

- JS2 + 52 T V3932 1 14872
Vay thoa man diéu kién va hé sé an toan

7.8. Quyét dinh lai 1an cudi cac tiét dién truc va vé két cau truc
7.8.1 Déi véi tryc |

—Puong kinh tryc tai cc tiét dién:

dpuli 6om = 20mm

dpuli nhe = 10mm
dip = 20mm
d.; = 20mm
d;; = 10mm

7.8.2 Bdi véi truc 11

—Puong kinh truc tai cac tiét dién:
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dpuii = 20mm
dee = 22mm
dzo = d21 = 20mm

7.9 Tinh chon 6 Lin

7.9.1 Chi tiéu tinh toan 6 lan
Dbéi vaéi cac 6 vong quay cham n < 1 (v/ph) duoc tinh theo chi tiéu tai tinh: C, < [C,]

Déi vai cac 6 ¢ s6 vong quay 1on n > 1 (v/ph) duoc tinh theo chi tiéu moi : C < [C]
Trong do:

C, la hé sé tai trong tinh cua 6

[C,] 12 hé s6 tai trong tinh cho phép cuia 6 hay hé sé kha ning tai tinh cia 6

C la hé sb tai trong dong caa 6

[C] 1 hé s tai trong dong cho phép cua 6 hay hé s6 kha ning tai dong cua 6

Hinh 25: Dang 6 lin

7.9.2 Chon loai 6 lan cho truc I va Il
Chon cap chinh xac caa o

Chon cép chinh xac cua 6 lan 13 tuy thudc vao yéu cau dit ra khi thiét ké may, chang

han theo tiéu chuan vé do dao huéng tam va do d4o doc truc cua truc, tiéu chuan vé dao
dong,...

Déi v6i hop giam toc, hop toc do va nhiing két cau khéc trong nghanh ché tao may
chiing ta thwong dung 6 1an cap chinh xac 0.

Bang 6: Cap chinh xéc 6 lan

Cap chinh xéc Do dao huéng tdm (um)) | Gié thanh twong doi

0 20 1
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Chon so b & 6
Véi tai trong nho va chi c6 luc hudng tdm, dung 6 bi d& mot day cho cac gbi d& 0 va 1.

Duya vao két cau tryc trén va duong kinh ngdng truc d, = d; = 20, tir bang P2.7
(Trang 255) [1] ta chon 6 bi d& Mot day ¢ nhe:
Bang 7: Thong so 6 lan truc |

Kj d D B r Puon Ck Co, kN
hig¢u 0 g kinh bi N
m m m m
m m m m mm
20 20 47 14 1,5 7,94 10 6.
4 3

Tinh kiém nghiém kha ning tai dong
Kha nang tai dong:
Kha nang tai dong:
Ca=Q. VL
- Bac cua duong cong moi khi thir vé 6 1an, doi véi 6 bi: m=3 .
- Tudi tho cua 6 lan: L ( triéu vong)
L=L,xn, Xx60x107°%= 12500 X 705 X 60 X 107° = 528.75(triéu vong)

(v6i may lam viéc 1 ca, khong sir dung hét tai, dong co dién tiéu chuan, hop giam toc,
dong co may bay thi: L, = (10...25) x 103 gio)

- Tai trong dong quy udc: Q (KN)

Q = X.V.Fy +Y.F,). k;. k4 (cOng thuc 11.3, trang (214) [1],)

Vi khéng c6 tai trong doc truc nén F, = Y = 0, vay cong thtrc duoc viét lai nhu sau:
Q = X.V.E.k,.kq

Trong do:

Hé sé tai trong hudng tam va hé sé tai trong doc truc: X =1, Y=0

Hé sé ké dén vong quay: V=1
Hé s6 ké dén anh huong cia nhiét do: k, = 1 (t < 100°C)
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Hé s6 ké dén dic tinh tai trong. Theo bang 11.3 ta ¢d k,; = 1 (tai trong va
dap nhe)

- Tai trong hudng tdm va tai trong doc truc: F,, F, = 0

Fyo = /F,?l + F2 =/—24% + —45,152 = 51,1IN

Fs, = |F4+F% =—24%+ 17,252 = 30N

Ta co:

Kiém nghiém & 6 chiu tai 16n hon nén ta chon F. = Fy; = 51,1N
=>Q=X.V.E.ki.k4g=1%x1x%x51,1x1x1=51,1%10— 3(kN)
=>C, = Q."VL = 51,1 x V528.75 = 0,42(kN) < C = 10(kN)
=> Loai 6 lan d3 chon dugc dam bao kha nang tai dong
Tinh kiém nghiém kha ning tai tinh
Theo cong thuc 11.19 ,Trang 221, [1], F, = 0, ta c0 tai trong tinh toan:
Qo = Xo X F;
Vi 6 bi 5 1 day ta chon X, = 0.6 (tra bang 11.6, trang 221, [1])
=>Q, = Xy X E. = 0.6 X 50,4 X 1073 = 0.03(kN)
Theo cong thuc 11.20 (trang 221) [1]
Q, = E. = 50,4(N) = 0,00504(kN)
Chon Q = Q, dé kiém travi Q; > Q,,
Q, = 0.00504(kN) < C, = 6.3(kN)
:>, Loai 6 ldn nay thoéa man kha niang tai tinh
Két qua
Vi tri:

ly xcos(qy + q2) + 1y *cos(q)
5 = |l *sin(q +qz) + Ly *sin(qy) [ (2.9)
—qs
Vay (2.9) la toa do diém thao tac cua robot.

Goi van toc diém thao tac cudi 1a:
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Xp
Yp
Zp

Up=f'p=

(=1, xsin(q; + q,) — l; *sin(qy)) * g1 + (=1 *sin(qy + q3)) * 4,
= [y *cos(q; + g2) + 1 *xcos(qy)) *q; + (I, xcos(q; + gz)) * 4,
—(3

Goi gia tdc caa diém thao tac cudi 1a ap.
TaCé ap - ﬁp - rp
ap
—1; * cos(qy) * %2 — 1y *sin(q,) * §; — l; *xcos(q, + ‘?2)2 — I xsin(g; + G3)
—1l; * sin(q,) * ‘?12 + 1y x cos(qq) * G — 1l * sin(q, + ‘72)2 + 1, * cos(Gy + G3)
—{3

Van téc géc va gia toc goc:
-Xét khau 3:
cos(qy +q;) sin(gy +qz) O Ly * cos q; + I, * cos(qy + q2)
DY = sin(q; + qz) —cos(qy+¢q;) 0 1y xsing; + 1, * cos(qy + q2)
0 0 sl —q3
0 0 0 1
Tir d6 rat tran cosin chi hudéng cua diém tac dong cubi:
cos(q: + q2) sin(q, + q2) 0
Ry = [Sin(‘h + q;) —cos(q1+ qz) O ]
0 0 —1

P | 3 T
Tacd @; = RI =RYJ

0 —(q; +q2) O
= 191 + Q2 0 0]
0 0 0
0
= w3 = 0
41+ 4

-Xét khau 2:

cos(qy +qz) sin(qr+q) O lyxcosqy + 1 *cos(qy +qz)

po = |sin(q1+q2) —cos(qr+q) O Lixsing, +1;xcos(q, +qz)
0 0 ~1 0

0 0 0 1
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Tir ta c6 tran cosin chi huéng cua diém tac dong cudi:

. cos(q1+q2)  sin(qy +qz) 0
Ry = |sin(q, + qz) —cos(q1+ qz) O

0 0 -1

P ~ . T
Tacd6 @, = RY=RY

0 —(Q1 +q2) O
= |91 Tt 92 0 0
0 0 0
0
= w, = 0
1+ 4
0
=& = 0
4, + 4z

- Xét khau 1:

cos(q;) —sin(q;) 0 [ *cosq

po = |sin(@) cos(@) 0 l*singy
0 0 1 0

0 0 0 1

T ta ¢6 tran cosin chi huéng cua diém tac dong cudi:
cos(q,) —sin(q,) O

B = [sin(ql) cos(q1) 0]
0 0 1

P | . T
TacO @, = RY=RJ

0 -4, O

0 0 O

qd1 =
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1xm*t
4

q, =

qg =t
Toa d6 diém P

)

3xmxt

mxt 3wt
0.35 * cos(T) + 0.35 * cos( }

™

= .t .
[0.35 = sm(T) + 0.35 * sin( 2 )|
¢ |
Van tc diém cudi P:

—(7*m*sin((r*t)/2))/40 — 21l *m*sin((3*m*t)/4))/80
vp =1, = | (7T*m*cos((m*t)/2))/40 + (21*n*cos((3*n*t)/4))/80]

-1

Gia toc tac dong diém cudi:

ag = T
’ — (g* n"2 xcos((mr+t)/2))/80 — (63 xm"2*cos((3+xm=*t)/4))/320
= [— (7”2 *xsin((m*t)/2))/80 — (63 "2 * sin((3 * mw * t)/4))/320‘

0
4] Figure 1 - O X

File Edit View Insert Tools Desktop Window Help k]

Ddde | h SKROVLL- 208 D

Hinh 26: Quj dao chuyén déng cua diém cudi

75



Faculty of Mechanical Engineering and Mechatronics

File Edit View Insert Tools Desktop Window Help N

DEde M AROVEL-3/0E oD

1.5
i vP
X
\ pr
1
— vP
Zz

0.5}

-05 |

gia tri van toc dai diem cuoi {m/s)
o

0 1 2 g 4 5
Time {(s)

Hinh 27: D6 thi vdn téc diém cudi
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4\ Figure 1 — O X
File Edit View Insert Tools Desktop Window Help
Odde RRRNODEL-S0E oD
3
aP
—~ X
w 2 / - y
- / \ / aP
o™ / \\_ z
é FAY
—— "-. =
o — TN
1 ~
3 \ /X
(= \ / 7N
Zo \ ’ \
[0 / Y
© A / \
& \\ o/ \.\.
S \/ \
.0 -1 N ;/\\ \\
o \ ~— \
S "/
= .
B
-2 )
/
A
3 : . . .
0 1 2 3 4 5
Time t(s)

Hinh 28: D¢ thi gia téc diém cudi
Cho quy luat chuyén dong cua diém tac dong cudi
Cho Robot thyc hién vé dudng xoén dc:

0.35 + 0.15 * sin(2t)
7, = 10.35 + 0.15 * sin(2t)
0.1xt
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| 4] Figure 1 — O X
%File Edit View Insert Tools Desktop Window Help k]

DNEdS M ALODE L 30 nD

0.5
' 0.4 _
{ 7
| 0.3 / —
|
} 0.2

NS L

0.1

Hinh 29: Quy ludt chuyén déng ciia khdu tdc déng cudi

"Phuong trinh xac dinh vi tri:

x(q) = xp
(@) = yp
z(q) = Zp

0.35*cos(gq; ) + 0.35* cos(q; + q3) — 0.35 — 0.15*sin(2t) = 0
0.35 *cos(qy) + 0.35*cos(q; + q2) — 0.35 — 0.15 * sin(2t) = 0
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| 4\ Figure 1 - | X
:;File Edit View Insert Tools Desktop Window Help E
Nodde M RRODEL- 2 0EH o O

|

ELE

I 3

25 Ay

2 [

1.5r

1 [

0.5r

gia tri cac bien khop

0Fr

05+ — —— T
| \\\\ / -\\\ / \\\ / ~
I 1 F \‘“‘\-..,_ p N — |

-1.5

Time t(s)

Hinh 30: Quy lugt chuyén dgng cua cac khau
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7.10 Mach STM32

7.10.1 Giéi thigu vé mach STM32.

Kit STM32F407 Discovery véi vi diéu khién hiéu suat cao STM32F407VGTS6, cho
phép ngudi dung d& dang phét trién cac wng dung xir Iy tin hiéu s (hinh anh, video...).
NG bao gdm mét cong cu ST-LINK tich hop san trén bang mach gidp nap chwong trinh,
gd 16i nhanh chéng.

Hinh 31: Mgch STM32

7.10.2 Thong s6 k§ thuat.
Kit STM32F411E DISCOVERY

Str dung vi diéu khién STM32F411VET6 c6 :
B6 nh¢ : 512 KB Flash, 128 KB RAM

Kiéu chan: LQFP100

Tich hop mach nap va g& 16i ST-LINK / V2.

Dién 4p cung cap : thong qua céng USB hoic tir ngudn dién 5 V bén ngoai
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~ L3GD20: cam bién chuyén dong ST MEMS c6 con quay hdi chuyén dau ra ki thuat
SO 3 truc.
~ LSM303DLHC: Hg théng ST MEMS-in-package ¢6 b cam bién gia toc tuyén tinh
so6 3D va cam bién tur tinh k¥ thuat so 3D
MP45DT02: Cam bién am thanh ST MEMS, microphone k§ thuat s6 da huéng
CS43L22, DAC am thanh véi trinh diéu khién loa tich hop 16p D
8 dén LED:
LD1 (d6) cho nguén dién 3,3 V
LD2 (d6 / luc) cho giao tiép USB
Hai den led USB OTG.
Hai nut nhan (reset va lap trinh)
Céc chan header mo rong cho tat ca cac I/ O LQFP100 dé két ndi voi cac cam bién,
cac thiét bi ngoai vi khac.
Ho tro day du thu vién va cac chuong trinh mau gilp cac ban dé& dang su dung.

7.10.3 BO nho

e Flash Memory: STM32 Discovery thudng duoc trang bi bo nhd Flash dé luu trit
mi chuong trinh. B6 nhd Flash trong STM32 Discovery cd thé co dung luong tir vai KB
dén vai MB, tlly thudc vao loai vi diéu khién cu thé.

e SRAM (Static Random Access Memory): B6 nhé SRAM duoc st dung dé luu trit
dir liéu trong qué trinh thuc thi chuong trinh. STM32 Discovery c6 mdt khdi SRAM tich
hop trén chip vai dung luong tir vai KB dén vai tram KB.

e C4c phén vung bo nhd khac: Ngoai Flash va SRAM, STM32 Discovery cling cO
thé ¢ cac phan ving bd nhé khac nhu EEPROM (Electrically Erasable Programmable
Read-Only Memory) hoic bo nhé hd tro dé luu trit dir liéu khdng thé bi mat khi ngudn
dien tat.
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7.10.4 Cac chan diu vao va dau ra
So d6 chan STM32F4

i
filiife

3 E ' =
I = 3 : O A
= - ﬁi'ﬁ

as

'ﬁﬂﬁ__ E&fﬁtmm/stmﬂﬂ-d ’,.
.

g
-
o T v
G Ew - |

Hinh 32: So d6 chan STM32F4

STM32F4 c6 hai header “duc” P1 va P2, ca hai header déu duoc két ndi vai cong A,
C, D, E & H, duoc sir dung cho céc chirc nang khac.

Chan cip nguon

Bo mach c6 céc chan ngudn trén bo mach dé cap ngudn cho cac cam bién hoic
mach bén ngoai.

Dau vao ngudn cap: STM32F4 c6 nhiéu chan cap ngudn, tat ca cac chan déu co thé
duoc st dung ngudn dién 5V dé cip ngudn cho thiét bi. Str dung cac chan cam cap
ngudn cho toan bo thiét bi, nhung dau vao cap ngudn qua USB s& khdng thé kich hoat
tat ca cac module cua thiét bi. T4t ca chan dau vao cip ngudn duoc cung cip bén dudi:

Trong header P1:
VDD - Chén 3, chan 4
Trong header P2:

5V — Chan 3, chan4
VDD — Chén 22
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Dau ra cip ngudn: Cac mirc dién ap khac nhau ludn 12 yéu cau hoat dong dbi voi
moi thiét bi va dé dap (ng yéu cau nay, can c6 bo diéu chinh dién 4p bén trong
STM32F4.

N6 ¢6 hai chan ngudn mat 12 5V va chan thi hai 12 3V3. Chéan 5V duoc két ndi truc
tiép v6i dau vao nguodn va 3V3 duoc két ndi thong qua bo diéu chinh dién &p. Ca hai
chan déu nam trong tiéu dé P2:

5V — Chéan 3, chan 4
3V3 - Chéan 5, chan 6, GPIO15, GPIO16

Mass: Trong trudng hop c6 nhiéu thiét bi bén ngoai, chan ndi dat (mass) 1a yéu cau
co ban ddi vi mdi thiét bi dé 1am diém mass chung. Bang mach c6 nhiéu chan néi dat &
ca hai header c6 thé duoc sir dung riéng Ié. Tat ca ching déu duoc két ndi bén trong va
duoc liét ké bén dudi:

Trong header P1:

GND - Chén 1, Chan 2, Chén 5, Chan 23, Chéan 49, Chan 50
Trong header P2:

GND - Chén 1, Chan 2, Chén 49, Chéan 50

Chan dao dong STM32F4

Bang mach khong c6 bo giao dong thach anh bén trong tao xung clock. Nhung n6 c6
bdn chan cap xung clock tir bén ngoai, hai chan duoc sir dung cho bo thach anh 32KHz
va hai chan con lai dugc sir dung cho thach anh c6 tan sé cao.

Bo dao dong thach anh ¢6 thé duoc st dung 1én dén 50MHz nhung trén 25MHz,
bang mach s& hoat dong kho khin véi tan s6 do. Cac chan két néi thach anh nay c6 thé
duoc sir dung nhu GPIO, vi vay n6 phai duoc viét trong code vé cach st dung bo dao
dong. Ca hai bo dao dong khong thé dugc sir dung ciing mot IGc va ca hai déu nam ¢
header P2.

0SC (IN) — GPIO7

0SC (OUT) - GPIO

OSC RTC (IN) — GPI09
0SC RTC (OUT) — GPI010
Chan GPIO

C6 séu cong (A, B, C, D, E, H) trong thiét b va tat ca déu c6 mot dién tré kéo bén
trong va c6 thé duoc st dung cho chirc ning 1/0. Céc chan nay ciing hd tro mot sé chire
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ning khac va c6 thé duoc diéu khién bang cach lap trinh. T4t ca cac chan I/ O duogc
cung cap bén dudi:

Trong header P1:
GPIO7 — GP1022
GP1024 — GP1047
Trong header P2:
GPIO7 — GPI1021
GP1023 — GP1048
Chan giao tiép USART

C6 nhiéu giao thic néi tiép trong STM32F4 va USART la mét trong s6 do6 do tinh
pho bién va dé dang sir dung. USART chi sir dung hai day va phan con lai cua giao thirc
phu thudc vao bo diéu khién.

Trong STM32F4, tit ca c4c giao tiép USART déu giéng nhau nhung mdi giao tiép
phai duoc khai tao trong chuong trinh dé tranh xung dot dir liéu. T4t ca cac chan
USART ctia STM32F4 duoc cung cap bén dudi:

Trong header P1:

USART2 TX — GPIO14
USART2 RX - GPIO13
USART3 TX — GP1034, GP1040
USART3 RX — GP1037, GP1042
USART4 TX — GPIO12
USART4 RX - GPIO11

Trong header P2:

USART1 TX — GP1023, GP1044
USART1 RX — GP1024, GPI1041
USART2 TX — GP1029
USART2 RX — GP1030
USART3 TX — GP1037
USART3 RX — GPI1038
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USART4 TX — GPIO37
USART4 RX — GPIO38
USART5 TX — GPI1O35
USARTS5 RX - GPIO34
USART6 TX — GP1047
USART6 RX — GP1048
Kénh giao tiép SPI

Giao thtrc ngoai vi ndi tiép ciing dang trd nén phé bién do nguyén lam viéc cua
né. Giao thuc giao tiép nhiéu thiét bi SPI cling loai mot cach hiéu qua. Trong STM32F4
c6 nhiéu chan GPIO c6 thé duoc st dung lam chan SPI théng qua lap trinh. Tat ca cac
chan nay dugc dua ra bén dudi:

Trong header P1:
SPI2 MOSI - GPI09
SPI12 MISO - GPIO10
SPI1 SCK — GPIO15
SPI1 MOSI — GPIO17
SPI1 MISO - GP1018
SPI12 SCK - GP1034
SPI2 SCK — GPI037
SPI12 MISO - GPIO38
SPI2 MOSI - GPI1039
Trong header P2:
SPI11 MISO — GP1025
SPI3 MISO - GP1025
SPI11 MOSI — GP1026
SPI3MOSI - GPI026
SPI3 SCK — GP1028
SPI1 SCK — GP1028
SPI3 MOSI - GPI1035
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SPI13 SCK - GPI1037
SPI13 MISO — GPI10O38
Cac chan 12C

C6 nhiéu module va dong co chi ¢é giao thirc | 2 C va bang mach chi c6 thé giao
tiép vai ching bing giao thire | 2 C véi nhiéu chan GPIO hé tro giao thirc nay thong qua
lap trinh. T4t ca cac chan nay la:

Trong header P1:
12C2 SCL — GPI034
12C2 SDA - GPI035
Trong header P2:
12C1 SCL - GPIO19
12C1 SDA - GPI1020
12C1 SCL — GPI1023
12C1 SDA - GP1024
12C3 SCL — GP1043
12C3 SDA — GP1046
Céac kénh ADC

C6 nhiéu bo chuyén doi tin hiéu analog sang digital trong STM32F4. Tat ca cac bo
chuyén d6i nay c6 thé duoc sit dung riéng vai cac thiét bi dau ra chuan logic TTL hoic
ST dé chuyén déi dix liéu analog sang digital. Va cac kénh ADC c6 ¢ header P1.

GPI1O7 — GP1022
Chéan DAC

Cac chan chuyén doi tin hiéu dau vao digital thanh mic dién ap analog twong
ng. Tét ca cac chan DAC trong STM32F4 déu nam & header P1:

GPIO15
GPIO16
Chan kénh dau vao am thanh STM32F4

Giao tiép am thanh ngay cang phd bién va STM32F4 hd trg nhiéu chan am
thanh. Trong cac chan am thanh nay, mot sé trong sé ching c6 bé diéu khién loa D bén
trong.

86



Faculty of Mechanical Engineering and Mechatronics

Céc chan am thanh nay dé xuit &m thanh tir thiét bi va khong thé duoc st dung 1am
dau vao am thanh. Tt ca cac chan 4m thanh dugc cung cip bén dudi:

Trong header P1:
GPIO15

GPIO16

GPI38

Trong header P2:
GP1020

GP1032

GPIO35

GPI1047

MIC: Bé dua tin hiéu &m thanh vao thiét bi, c6 thé sir dung bang céch giao tiép
micr6 véi STM32F4. Chi cé mot chan micro:

GPI109
Kénh PWM

Trong bang mach nay, s luong tin hiéu PWM Ién hon nhiéu so véi cac bang mach
khéac. Tét ca chan PWM co thé duoc st dung riéng 1é xuat tin hiéu dau ra va tat ca ching
déu duoc dua ra dudi day:

Trong header P1:
GPIO11 - GPIO18
GP1021, GPI1022
GP1026 — GP1032
GP1034-GP1035
GP1037 — GPI1039
GP1044 — GP1047
Trong header P2:
GPIO11

GPIO14

GPIO19
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GPI1020
GP1023 — GP1026
GP1028
GPI1041
GP10O43 — GP1048
Kénh giao tiép cam bién MEMS

Bang mach hd trg giao tiép véi cac cam bién co dién. CO thé sir dung céc chan
MEMS dé két ndi cac cam bién. Tat ca cac chan dé duoc liét ké bén dudi:

Trong header P1:
GP1015
GPIO17
GP1018
Trong header P2:
GPI1016
GPIO17
GP1018

RESET: STM32F4 c6 mot chan reset ¢ header P1 duoc str dung bén ngoai dé dit lai
thiét bi bang cach kich xung:

NRST — Chan 6

BOOT: Trong STM32F4 c6 hai chan boot khac nhau, Boot0 va Boot1. Ca hai chan
déu duoc sir dung dé chon bo nhé boot. Tat ca cac chan nay yéu cau céac két hop logic
khac nhau dé chon céc bd nhd khac nhau. Tat ca cac chan nay duoc dua ra bén dudi

BOOTO - GPI0O21 (P2) BOOT1 - GPI1024 (P1) Bo nho
X 0 Bo nhé Flash
0 1 B6 nhd hé théng
1 1 SRAM

Tat ca cac chan da duoc thao luan nay thyuc hién céc giao thirc duoc str dung pho
bién, nhung trong STM32F4 c¢6 mét loat cac chirc ning khac ¢d thé thuc hién ¢ céc cong
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bang céch str dung cac chuong trinh code khac nhau. Véi cac chirc ning thay thé nay,
ban c6 thé tham khao datasheet.

So db khéi bang mach discovery STM32F4

Mini
USB

Embedded

ST-LINK/VZ or ST-LINK/V2-A

o
=
;)
STM32F407VETE
He] /O
© ®
® /O || RESET kS
(5] 14
T T
LED B2
LD3 to LD8 RST
MP45DT02 &
USER
LIS3DSH or
CS43L22 LIS3DSH
|
Mini-Jack Micro-USB

Hinh 33: So d6 mach STM32F4
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Cac tinh nang STM32f4

TINH NANG & THONG SO KY THUAT

CPU ARM 32-bit Cortex @ 180MHz
RAM 192KB
FLASH 1MB

Dai dién ap hoat dong 5V

Cdng debug Co

Cong am thanh Co

OTG USB Cé

LAN Khéng co
WIFI Khéng co
Bluetooth Khéng co
Khe ciam thé SD Khéng ¢

Thiét bi ngoai vi STM32F4
STM32F4 c6 nhiéu thiét bi ngoai vi bén trong dugc dua ra dudi day:

Cong &m thanh: Trong STM32F4 ¢6 cac chan &m thanh & cac chan GPIO nhung ciing c6
mét cong &m thanh bén ngoai, ¢é thé duoc sir dung 1am /O dm thanh.

USB: Cong USB trén bo mach 1a loai USB OTG va chi duoc st dung dé 1ap trinh bo diéu
khién. Khong c6 cach nao dé bo diéu khién co thé lay dién &p tir USB, nhung dién ap trén
cong USB khong dugc vuot qua 5V néu khong cé thé gay hai cho bo mach.

Consumption: C6 mét chan consumption trén bang mach sir dung mot jumper két noi,
nhung c6 thé thao jumper ra dé do muc tiéu thy dong dién cua bo diéu khién bang cach
gan vao mot ampe ke.

Gia toc ké: Gia téc ké 3-line dwoc gan trén bang c6 thé dugc sir dung dé do gia toc cua
bang mach. Cho phép str dung véi robot hodc cac dy an c6 chuyén dong khac. N6 khdng
phu thudc vao bat ky thiét bi hoic giao tiép bén ngoai nao, chi can lap trinh bén trong dé
hoat dong.
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Cong debug: C6 cong JTAG-SWD trén thiét bi gitip nha phat trién g& 15i cho thiét bj. Céac
chan nay c6 thé duogc sir dung dé 1ap trinh truc tiép bo diéu khién bang cach su dung cac

bo diéu khién cu thé khac.

NGt nhan va bao trang thai: STM32F4 vai nhidu mau sic dén led cho biét nhiéu chic
nang, cac nit nhan cé chirc nang khac nhau trén bang mach. Tat ca chirc nang cua ching
c6 thé dugc thé hién trong so do sau:

r
'

LD1 (red/green LED) !
'

-------------------------------

ST-LINK/V2

COM
CN2
SWD connector

~—

JP1
lpp measurement ——_|

STM32F407VGT6E

winl.st.com/stm

=

B1 user button

_‘,——’
(green LED) LD4— | PE:
PETS

(blue LED) LDB — |

.
PO1Y
PDYY
.

POS

PD14 |
NG |

(green LED) LD7

ORNU
o

SO

P12 gy

b .
Ry

J

[ D

° w
U
v

g

5 e,
o S homi i

'] —— LD3

LD2 (red LED)
T PWR
1

1 CN3

‘( ST-LINK/DISCOVERY
selector

T e =

5V power

et~ supply inputioutput
S 3V power

supply output

| SB1 (B2-RESET)

(orange LED)

@B L | D5 (red LED)

——— B2 reset button

LD8 (red LED)

L

|
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7.11 Bong co budc 57 x 57

7.11.1 Giéi thiéu vé dong co budc size 57mm

Poéng co budc kich thudc 57 (hay con dugc goi la dong cd budc NEMA 23) la mét loai dong
c@ budc c6 kich thudc tiéu chuan. Kich thudc 57 chi ra rang kich thudc clia vé déng co la 57
mm x 57 mm.

7.11.2 Thong s6 ky thuat
Théng sé cua dong co

Puwong kinh truc déng co 6.35mm, 08mm (1 dau truc va 2 dau truc)
Géc buéc déng co 1.8 d6
Sé pha 2 pha
Sé day 4 day
Dong dién 3.0A
bién ap déng co 24VDC - 50vDC
Momen xoan I&n nhét 1.8Nm, 3Nm
Khéi lwgng dong co 0.95kg
Nhiét dé mai trwong -20°C - 50°C
Nhiét do dong co 80°C MAX
Driver cap xung phu hop TB6600, DM542
Sai sb6 goc buéc 5%
Séi sb tré khang 10%
Sai sb tw cam 20%
Dién tré cach dién (vat liéu cach dién) 100MQMin (500VDC)
Dién ap chiu duoc 500VAC (1 phat)

7.11.3 So d6 dau ndi
Pong co budc 2 phase bipolar 57HBP (twong duong chuan Nema 23) ¢ wu diém:

- Pugc ché tao theo cong nghé Nhat Ban voi nam cham dat hiém nén hoat dong rat
bén, it bi mat tir tinh nén Mmo-men xoan dugc kéo dai theo thoi gian hoat dong.

- Dai mo-men xoan tir 2 - 2.8Nm (twong duong luc kéo 20kg/cm-28kg/cm).
- Chay ém, on dinh, chiu dugc dong qua tai to1 30% dong danh dinh.
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- M&-men xoin 16n ngay & dai téc d6 800-1200 vong/phdit.
- D6 chinh Xxac cao

- Pong co dugce thiét ké, kiém tra va thir nghiém véi ché d6 nghiém ngiat nhat trudce
khi xuat xudéng dé dam bao chat luong la cao nhat trude khi tdi tay khach hang.

- Chirng nhan chuan Chéau Au : CE va RoHS.

- San phém duoc bao hanh 1 nam - néu 15i do nha san xuit duoc ddi méi.
Mau sic day pha

bo=A+

Xanh Ia = A-

Vang= B +

Xanh da troi = B-

Minh hoa so d6 két néi véi bo diéu khién dong co budc

®
o |2 2
g | ¥ =]
g | x Nl o
o [=x ol
[ ; § (wi
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VDC: 24-50V
bo
Xanh la
Vang
Xanh da troi

Hinh 34: So do két noi driver
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Ly thuyét Encoder
6.4.1 Encoder la gi?

Encoder la thiét bj dwoc st dung nhiéu trong céc linh vwc cdng nghiép véi muc dich cung cép
tin hiéu hdi tiép (phan hdi). Trong hau hét cac diéu kién co ban cla dién, mot encoder sé dwa ra
tinh hiéu vj tri, hwéng tbc dd hodc budrc.

Encoder sé& st dung chuy&n dong, théng qua nhiéu cdng nghé va chuyén ddi né thanh tin hiéu.
Tin hiéu sé& dwoc glri dén cac trung tam diéu khién va dién dich nham dai dién cho gia tri dwoc
str dung bén trong chwong trinh.

Encoder la linh kién dwoc (rng dung nhiéu trong cac thiét bi can do chinh xac cao nhw may CNC,
Servo, bién tan, hé théng truyén tai san xuét,...

C6 2 loai encoder chinh 1a: Encoder twong déi va Encoder tuyét dbi.

6.4.2 Encoder tuyét doi

I. Encoder tuyét doi la gi?

Encoder tuyét déi 1a cac thiét bi phan hoéi cung cap toc dd, théng tin vi tri bang cach xuét
ra mot tlr hodc bit ky thuat sé lién quan dén chuyén dong. Khéng giébng nhw cac encoder
twong dbi tao ra mot ludng xung c6 mét khap noi, cac encoder tuyét déi nay tao ra cac tir
hodc bit duy nhat cho méi vi tri.
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Bang cach xuét ra mot tir hodc bit ky thuat s6 thay vi mét ludng xung, encoder quay tuyét
doi cung cap moét so lgi thé nhw sau:

Do phan giai tdng thé cao hon so véi encoder twong doi

Hiéu suat khdi dong tét hon vi thoi gian homing thap (hodc vi tri ban dau)
Phat hién chuy&n dong chinh xac doc theo nhiéu truc

Nhiéu giao thirc dau ra dé tich hop dién tlr t6t hon

Phuc hoi t6t hon tir s c6 hé théng hodc mat dién

II. Cac loai encoder tuyét doi.

Encoder tuyét doi co thé dwec phan loai dwa trén loai cong nghé cam bién (quang hoac
tlr) hoac dau ra ctia chung qua nhiéu vong cua truc ddng co (mét vong hoac nhiéu vong).

Loai encoder quang st dung dia ma hoa cé dau va dén LED chiéu sang qua chiéc dia
dé. Khi dia quay véi truc dong co, cé thé phat hién thay ddi vi tri. Déi v&i encoder tuyét
déi tr tinh, cac diém danh dau quang hoc dwoc thay thé bang cac cuc tir va dén LED
dwoc thay thé bang mot mang cam bién to
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III. Cau tao va nguyén ly hoat dong.

Céu tao cua encoder tuyét déi bao gébm:

Mdt dfa quay dwgc m3 hda theo cac ranh dong tam.

Dau doc gdbm cac tia sdng va té bao quang dién.
M6t encoder quay tuyét dbi xac dinh vij tri ciia né bang cach s dung diém tham chiéu
tinh. Phwong phap nay hoi khac nhau tuy thudc vao loai encoder d6 la quang hay tw,
nhwng nguyén tac la nhw nhau.

Thiét bi nay hoat ddng bang cach xuét ra mét ti k§ thuat sé bit khi truc quay. Trong doé cé
hai dia, c& hai déu cé vong tron déng tam véi diém danh dau bu. M6t dia dwoc cb dinh
vao truc trung tam, dia con lai di chuyén tw do. Khi dia quay, cac diém danh dau doc theo
rénh ctia encoder sé thay ddi vi tri trén dia cd dinh. Mbi cAu hinh doc theo dia clia encoder
quay tuyét dbi dai dién cho mét ma nhi phan duy nhéat. Dwa vao ma nhj phan d6 ma ching
ta xac dinh vi tri tuyét déi ctia dbi twong. Déi véi cac encoder tuyét déi quang, diém danh
dau la mét 16 m& cho phép anh sang. Con dbi véi encoder tir tinh, cac diém danh d4u la
mot mang cam bién t di qua mdt nam cham va phat hién vi tri clia cac cuec tir.

IV. Cac wu diém ctia encoder tuyét doi.

San pham cung cép cac loi thé doc dao so voi cac encoder twong doi. Chung cé mot ma
duy nhat doi v&i teng vi tri truc, c6 nghia la chung co thé cung cap thong tin vi tri rat déc
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d&o vi khéng ¢6 hai vi tri trén ranh gibéng hét nhau. Chang do vi tri thyc té bang cach tao
ra mot ludng ma ky thuat s6 duy nhat dai dién cho vi tri thuc té clia encoder. Do do, chiing
khong yéu cau bang chu dan hoéc diém tham chiéu. Dleu nay cling tao cho encoder tuyét
déi mét loi thé trong cac tng dung trd vé vi tri ngudn cé thé gay ra sw ¢ trong trudng
hop mét dién.

Bén canh do, né con cung cap cac tuy chon c6é d6 phan giai cao hon so v&i encoder
twong dbi. Trong khi cac encoder dé phai thém nhiéu gia sé vao mét ranh trén dia ma
hoa, tir d6 bi gi¢i han & kich thwéc vat ly cla dia va sé lwong xung cé thé dwoc gidi ma
so voi tbc do quay cla encoder (dap (rng tan sb), encoder tuyét déi thém cac ranh bd
sung dé dat dwoc d6 phan gidi cao hon va khong lién tuc tao ra mét lubng xung. Thay
vao dé, ching bi gi¢i han béi s 1an encoder dwoc thdm van trong mét khodng thoi gian
mau nhat dinh vé tbc do truyén.
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8. Két qua va thao luan

Két qud

- Thuc hién thanh cong tinh toan dong hoc thuan; dua ra cac vi tri diém cudi va tim
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toan ra cac goc quay cua bai toan dong hoc nguoc

biém | Gié tri cac bién khép Gia tri toa d0 cac diém

91 q2 q3 X y z
A 1.3027(rad) | 0.5361(rad) -35(mm) | 0 675 35
B -2.1546(rad) | 1.4896(rad) | -35(mm) | 82.5 -508 35
C -1.9797(rad) | 1.0948 (rad) | -35(mm) | 82.5 -592 35
D -2.3295(rad) | 1.5174 (rad) | -35(mm) | O -508 35
E -2.1337(rad) | 1.1258 (rad) | -35(mm) | O -592 35
F -2.4766(rad) | 1.4896 (rad) | -35(mm) | -82.5 -508 35
G -2.2567(rad) | 1.0948 (rad) | -35(mm) | -82.5 -592 35
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- Tinh toan thiét ké tay may robot 3 bac tuy do dua ra kich thudc cac khau cac khép,
chon dugc truc, 6 lan, dong co budc

- M6 phong tng xuat trén canh tay robot

Type: Displacement
Unit: mm

6/15/2023, 4:55:22 PM
0.5098 Max

0.4078

0.3059

0.2039

0.102

0 Min
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- Thiét 1ap duoc giao dién diéu khién tay may trén Matlab GUI

4 do_an_ht_co_dien_tu

Bai toan déng hoc thuan

Theta1 « »
Theta2 |

d3 . »

Gia tri toa d6 diém cudi

X_p 597.4874
Y_p 2474874
Zp

inverse kinematic Close

Default

Danh gia

Faculty of Mechanical Engineering and Mechatronics

45

45

theta1

theta2

X_p

Y_p

z_p

Bai toan dong hoc nguoc

Giéa tri bién khép

180

Vi tri xuét phat

q1s(dv: rad) 12

g2s (dv: rad) 015

q3s
(@v: mm) 12

Quy dao

- P4 hoan thanh phan Ié6n nhitng muc tiéu dé ra ban dau.
- Va nhém dang mudn huéng téi nang cap san pham dé chuan bi cho do an tot nghiép

sap tGi

Thao luan

Nhirng van dé con chua thuc hién duoc:

Gia tri quy dao

qif (dv: rad)

q2f (dv: rad)

(dv: mm)

qit
——q2t
q3t

Thei gian (dv: s)

- Hé théng dong co budc + driver diéu khién chua chinh xAc, thuong bi truot budc

khi diéu khién toc do cao

- Khau tac dong cudi chua hut duge céc loai hoa qua c6 cung bién dang hodc cac qua

c6 kich thudc qua nhoé hay qua to.

- Chi hoat dong dugc trén mit phang.
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9. Phan tich rii ro
Cac quy trinh phan tich rai ro thuong dugc phan chia thanh hai nhém, phan tich dinh
luong va phan tich dinh tinh. C6 thé nhan thay rang phan tich dinh tinh s& gitip dua ra
nhitng théng tin cu thé va chi tiét cho bai toan dit ra. Tuy nhién, viéc st dung phuong
phap nay doi hoi cé nhitng ham toan hoc va tdi vu phuc tap, cling nhu cac phan mém tinh
toan chuyén dung. Do d0, cac phan tich dinh lwong 13 chwa phu hop va khong can thiét
trong truong hop nay.

Cac phan tich rui ro dinh tinh c6 nhiéu vu diém nhu tién loi, nhanh chong va dua ra
nhitng phan tich nhanh gon, khong can nhiing ham toan hoc va nhitng phan mém phirc
tap. Do do, day la k¥ thuat dugc lya chon dé thuc hién cac phan tich rai ro trong bai toan
nay.

Quy trinh phan tich rui ro dinh tinh bao gdm céc budc sau (thé hién trong Hinh 9.1):
Xéc dinh cac yéu to rui ro;

Lya chon thang do xac sut;

Thiét 1ap ma tran tham chiéu rui ro;

Xéc dinh diém rdi ro va ma tran rui ro;

Xép hang riii ro.

7~ "\

Methods used

‘/

i eLevel of risks
"Risk Factors : eList of priority
«Probability and eScenarios risks P

impact scales method
eRisk Score
Matrix
Inputs ~— Outputs

Fig. 1. Qualitative risk analysis process

Hinh 9.1. Luu d6 quy trinh thuc hién phan tich rii ro dinh tinh cho “Thiét b kiém tra
day dai an toan”.
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Xdc dinh cdc yéu té riii ro
Thuc hién céc thao tac khong chinh xac
Qua tai khi lam viéc
but day dai
Truot rang

Bang 9.1. Céac yéu tb rui ro cho “Thiét bj kiém tra day dai an toan” duoc danh sb ky
hiéu tir R1 t6i R18.

Ri Yéu to riii ro

R1 St dung thiét bj khong diing cach

R2 St dung thiét bi bai nguoi khong duoc phép
R3 Thuc hién céac bai kiém tra khong chinh xéc
R4 Khong tuan theo huéng dan st dung thiét bi
R5 Qua tai thiét bi

R6 Mét moi

R7 Vi tri lam viéc khong thuan tién

RS Str dung thiét bi chua dugc hiéu chuan

R9 Tiéng on

R10 Mirc d tin cay thap

R11 Kho khai thac

R12 Nhiét d6 khong phu hop

R13 D6 am cao

R14 Pit thiét bi trong khong gian qua nho

R15 Dit thiét bi trong khong gian dugc chiéu sang kém
R16 Phuong phap lam viéc khong hoan chinh
R17 Khong tuan thu tha ty hoat dong

R18 Tac dung ctia khong phu hop luc 1én vat liéu
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Lura chon thang do xdc sudt va thang do tdc dong

Sau khi cac yéu t6 rui ro dugc xac dinh, quy trinh tiép theo 13 Iyra chon thang do xéc
suat va thang do tac dong. Thang do xac suat dugc hiéu la Kha nang xay ra rui ro do yéu

1a mot yéu to rui ro ¢é kha nang

Thuc hién céc thao tac khong chinh xac 6 thang mét lan

Qua tai khi lam viéc mot nam mot lan

Dut diy dai 6 thang mét lan

Truot rang 3 thang 1 lan

Bang 9.2. Lya chon thang do x4c suat.

Panh gia xac suat dinh tinh

Panh gia xac suat dinh lwong

Diém
xac suat

Rét cao (rat co thé xay ra)

3 thang mot lan

5

Rat thap (rat kho xay ra)

Cao (c6 thé xay ra) 6 thang mot lan 4
Vira phai Mobi naim mat 1an 3
Thap (khong chic) 3 nam mot lan 2

1

Hon 3 nam
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Bén canh d6, thang do tac dong cling dugc lya chon. Thang do tac dong dugc miéu ta
1a tac dong xdy ra d6i véi thiét bi khi yéu t6 rai ro xem xét xay ra. Can chil y rang mot yéu
t6 rti ro c6 kha ning xay ra cao, nhung chua chic di c6 nhimg tac dong 16n tdi thiét bi,
va nguoc lai. Bang 9.3 thé hién lira chon thang do tac dong trong trudng hop nay.

Bang 9.3. Lya chon thang do tac dong.

dinl?tz::llllll gid tic dong Panh gia tac dong dinh lugng tac ;)(A:Iéllgn
RAt cao honS2(:)) Oi)u(_mg bai kiém tra khong hop 18 16n 20
Cao ‘o 28 (ylou:c;ng bai kiém tra khong hop 1¢ tir 10 10
Vira phii ol ?g(ylouqng bai kiém tra khong hop 18 tir 5 5
Thép o 2; luong bai kiém tra khong hop 18 tir 2 5
Rat thap Céc thir nghiém khong hop 16 thap hon 1% 1
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10. Béo céo vé tai chinh va kinh té
11. Két luan
Trong bai toan thi€t ké tay may robot cong nghi¢p, viéc dat dugc mot thiet ké té1 uu
va hiéu qua la y€u t6 quan trong. Thiét ké can dap ung cac y€u cau churc nang, hi¢u suat,
an toan va kha nang tuong tac véi moi truong lam viéc. Can xem xét cac yéu to nhu do

chinh xac, tai trong, diéu khién, linh hoat v tinh kinh té dé dam bao su thanh céng ciia hé
thong.

Ddng thoi, cAn xem xét tac dong cua thiét ké tay may robot dén xa hoi. Thiét ké can
dam bao tao viéc lam, nang cao hi¢u suét va chat luong san XUuét, giam nguy co lam viéc
nguy hiém va tiét kiém tai nguyén. Pong thoi, can dam bao su can bang giita sy tw dong
hoa va vai tro cua lao dong con nguoi trong xa hoi.

Téng hop lai viéc thiét ké tay may robot cong nghiép doi hoi sy can nhic va danh gia
toan dién cac yéu t6 chirc niang, hiéu suit, an toan va tac dong xa hoi. Mot thiét ké thanh
cong s& tao ra sy toi wu trong cong nghé va xa hoi, dong thoi dong gdp vao su phat trién
bén vitng va tién bo cua x3 hoi.

12. Tiéu chuin
Tiéu chuan ISO ASTM, ANSI, ASME, ASHRAE, TS-EN hoac TCVN déu duoc.

TCVN 11078:2015 hoan toan twong duwong v4i ISO 16625:2013: quy dinh vé cac
nhém puly

TCVN 12554:2019 hoan toan tuong duong ISO 12044:2014: quy dinh vé 6 1an - 6 bi
dd chan mot day — kich thudc canh vat cho phia khéng chan caa vong ngoai

TCVN 4241:1986 thay thé TCVN 2541:1978 va TCVN 1038:1971
Bu 16ng luc giac chim dau try Din 912

Bu 16ng luc gidc chim dau cau Din 7380

Bu 16ng luc giac chim dau bang Din 7991

DIN EN ISO 4762

DIN 920

DIN N ISO 7046-2H

13. Tai liéu tham khao
// Tai liéu tham khao. Tham khao quy tic viét tai liéu tham khao & duéi
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14. Phu luc
// Phu luc cac cong thirc, dinh nghia can giai thich bd sung trong tai liéu

Hinh 31. Thiét bi lan tw hanh phat trién béi UK Natural Enviromental Council

(NERC) model Autosub6000
Tables
Béang 1: Phan loai ROV

Loai Pic diém P siu lin (m)
Micro ROV chi phi thap <100

Mini Nho gon, muc dich quan sat < 300

Pho thong Ung dung cho khao sét co ban <200

Kiém tra Thu thap dit liéu tric dja <3000

AUV Thiét b lan ty dong
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