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Loi noi dau

Cong nghé ché tao may 1a mot nganh then chét, n6 dong vai tro quyét dinh trong sy
nghiép cong nghiép hoa hién dai hoa dat nu6e. Nhiém vy ciia cong nghé ché tao may la
che tao ra cac san pham co khi cho moi linh vuc cua nganh kinh té qudc dan, viéc phat
trién nganh cong nghé ché tao may dang 1a mdi quan tam dic biét cia Dang va nha nudc
ta.

Phat trién nganh cong nghé ché tao may phai duoc tién hanh ddng thoi véi viée phat
trién nguon nhan lyc va dau tu cic trang bi hién dai. Viéc phat trién ngudn nhan lyc l1a
nhiém vu trong tam cua cic truong dai hoc.

Hién nay trong cac nganh kinh té néi chung va nganh co khi néi riéng doi hoi ki su
co khi va can bo k¥ thudt co khi duge dao tao ra phai co kién thirc co ban twong doi
rong, ddng thoi phai biét véan dung nhiing kién thuc d6 dé giai quyét nhitng van dé cu
thé thudng gip trong san xuat.

Moén hoc cong nghé ché tao may ¢ vi tri quan trong trong chuong trinh dao tao ki
su va can bo ki thuat vé thiét ké, ché tao cac loai may va cac thiét bi co khi phuc vu cac
nganh kinh té nhu céng nghiép, nong nghiép, giao thong van tai, dién luc ...vv

Sau mot thoi gian tim hiéu va v6i su chi bao nhiét tinh cua thay giao TS.Tran Ngoc
Hai dén nay em da hoan thanh d6 an tot nghiép cong nghé ché tao may. Trong qua trinh
thiét ké va tinh toan tat nhién s& c6 nhiing sai s6t do thiéu thyc té va kinh nghiém thiét
ké, em rat mong duoc su chi bao cia cac thay c0 giao trong by moén cong nghé ché tao

may va su dong gop ¥ kién cta cac ban dé 1an thiét ké sau va trong thuc té sau nay duoc
hoan thién hon.

Em xin chan thanh cam on.
Ngay 4 Thang 6 Nam 2025

Sinh vién thyuc hién

L6 Thai Nghiém
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CHUONG 1: TONG QUAN VE MAY CNC

1.1 Khai niém vé may CNC

CNC la viét tit cta cac tir Computer Numerical Control, xuat hién vao khoang dau
thap nién 1970 khi may tinh bat ddu dugc ding & cac hé diéu khién may cong cu thay
cho NC, Numerical (Piéu khién s6). CNC d¢é cap dén viéc diéu khién bang may tinh cac
may moc véi muc dich san xuét (co tinh lap lai) cac bo phan kim khi (hay cac vat liéu
khac) phirc tap, bang cach str dung cic chuong trinh viét bang ky hiéu chuyén biét theo
tiéu chuan EIA-274-D, thudng goi md G. CNC duogc phat trién cudi thap nién 1940 dau
thap nién 1950 & trong phong thi nghiém Servomechanism cua truong MIT. Trudce
khoang thoi gian nay, cac chuong trinh NC thuong phai dugec ma hoa va xur 1y trén cac
lang duyc 1, hé diéu khién cac truc may chuyén dong. Cach nay di cho thay nhiéu bat
tién, chang han khi sira chita, hiéu chinh chuong trinh, 1ang chong mon, kho luu trit,
truyén tai, dung lugng bé...Hé didu khién CNC khic phuc cac nhuoc diém trén nho kha
ning diéu khién may bang cach doc lang loat ngan bit thong tin duoc luu trit trong bd
nhd, cho phép giao tiép, truyén tai va xu 1y, diéu khién cac qua trinh mét cach nhanh
chong, chinh xac.

Sy xuét hién ctia cac may CNC d3 nhanh chong thay d6i viéc san xuit cong nghiép.
Céc dudng cong dugc thuc hién d& dang nhu dudng thang, cac cau trac phirc tap 3 chiéu
ciing dé dang thyuc hién, va mot luong 16n cac thao tac do con ngudi thuc hién duoc
giam thiéu. Viéc gia ting ty dong hoa trong qué trinh san xuat véi may CNC tao nén sy
phat trién dang ké vé chinh xé4c va chat luong. Ki thuat ty dong ciia CNC gidm thiéu cac
sai sOt va giup nguoi thao tac co thoi gian cho cac cong viée khac. Ngoai ra con cho
phép linh hoat trong thao tac cac san pham va thoi gian can thiét cho thay d6i may moc
dé san xuat cac linh kién khac. Trong moi trudong san xuat, mot loat cac may CNC két
hop thanh mot to hop, goi la cell, dé c6 thé 1am nhiéu thao tac trén mot bo phan. May
CNC ngay nay duoc diéu khién truc tiép tir cic ban v& do phdn mém CAM, vi thé mot
bd phan hay lap rap c6 thé tryc tiép tir thiét ké sang san xuit ma khong can cac ban vé
in cua ting chi tiét. C6 thé n6i CNC 1a cac phan doan cua cac hé thong robot cong
nghiép, tirc 1a ching dugc thiét ké dé thuc hién nhiéu thao cac san xuat (trong tim gidi
han).

1.2  Cac dac tinh co ban cua may CNC
e Tinh nang ty dong cao.

- May CNC c6 nang suét cat got cao, giam tdi da thoi gian phu do mure do tu dong
hoa dugc nang cao vuot bac. Tuy ting mic do tu dong, may co thé thuc hién dé)ng thot
nhiéu chuyén dong khac nhau nhu chuyén dong thay dao, hi€u chinh sai s6 dao cu, tu
dong tudi ngudi khi phat hién qua nhiét hay tu hut phoi ra khdi ving gia cong.

e Tinh nang linh hoat cao.



- Chuong trinh c6 thé thay doi nhanh chéng va dé dang, thich ing vdi cac chi tiét
khac nhau. Do d6 rat ngan thoi gian chuan bi san xuét va thoi gian phu, tao diéu khién
thuén loi cho séan xuét hang loai nhd.

- C6 thé nhanh chéng san xuét chi tiét do c6 chuong trinh luu trit trong bd nhd
clia may nén khong can phai san xuat chi tiét du trix, chi tiét mau gop phan rat ngan thoi
gian san xuat lai chi tiét da co chuong trinh sin.

- M4y CNC gia cong dugc chi tiét nho, vira phan tng linh hoat khi nhiém vu cong
nghé thay doi. Viéc 1ap trinh c6 thé thuc hién & pham vi ngoai may, trong cac vin phong
tin hoc ¢ sy hd tro cta ki thuat tin hoc thong qua cac thiét bi vi tinh, vi xu 1y trong
may...

e Tinh nang tap trung nguyén cong.

- Cac may CNC c6 thé thyc hién nhiéu nguyén cong khac nhau ma khong can
phai ga dat nhiéu lan. Tir kha ning nay, cac may CNC da duoc phat trién thanh cac trung
tdm gia cong CNC.

e Tinh ning chinh xac, dam bao chét luong cao.

- Giam duogc cac hu hong do sai sot cia con nguoi, c6 kha nang gia cong chinh
xac hang loat. B§ chinh xac 1ap lai, ddm bao do 6n dinh trong suot qua trinh gia cong la
diém uu viét tuyét doi cia may cnc.

- May CNC c6 hé thong diéu khién khép kin c6 thé gia cong dugc nhitng chi tiét
chinh xac ké ca hinh dang dén kich thudc. Kha nang thuén tién cho viéc san xuat hang
loai cac hang lap 1an, giam kha ning ton that phoi liéu & murc thap nhat.

e (ia cong bién dang phtrc tap.

- May CNC 1a may duy nhat c6 thé gia cong chinh xac va nhanh nhiing chi tiét co
hinh dang phtc tap nhu cac bé mit 3 chiéu.

e Tinh nang va hiéu qua kinh té cao.

- Cai thién tudi bén dao nhd c6 ché do cat got t61 wu. Tiét kiém dung cu cat got,
d6 ga va cac dung cu khac.

- Giam phé pham, c6 thé sir dung lai chuong trinh.

- C6 thé hoat dong thoi gian dai ma van dam bao chét luong chi tiét gia cong

- Giam chi phi nhan cong do khong can tho ¢ trinh d6 tay nghé cao két hop ning
suét duoc cai thién.

- Giam thoi gian san xuat nho thoi gian sir dung may nhiéu va giam thoi gian dimg
may.

- Giam thoi gian kiém tra nghiém thu chi tiét vi chi tiét dugc san xuat boi may
CNC c6 tinh dong nhét vé sai sd, kich thudc ciing nhu hinh dang.

e Han ché cia may CNC.

- Chi phi dau tu ban dau: gdm chi phi may va qué trinh lap dit cao hon nhiéu so
v6i viée dau tu cac may cong cu khong phai may CNC.
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- Yéu ciu bao duodng dinh ky cao: may CNC la thiét bi ky thuat cao, két chu co
khi, dién ti rat phtrc tap. bé may gia cong chi ti€t dat dugc su 6n dinh vé chat lugng can
phai bao dudng dinh ky, ngudi bao dudng doi hoi phai cé trinh do cao vé dién tir 1an co
khi.

1.3  Cacloai may CNC

Phat trién nhanh chéng véi nhirng tién bd trong may tinh, ta c6 thé bat gip CNC
dudi dang:

- May tién cnc

- May phay cnc

- May khoan cnc

- May cit tia nudc ¢ hat mai
- May cit khéc cnc

- May dot dap

- May diéu khic 3D va nhiéu loai may cong cu cong nghiép khéc

- May phan ra nhiéu loai : 3 truc, 4 truc, 5 truc, phay 5 truc, tién 5 truc...... co ba
truc co ban XYZ, cac truc con lai duge hiéu la quay quanh truc Z , truc X, truc
Y.......

Hinh 1.1: Mdy CNC router 3 truc SM-1325B3



Hinh 1.2: May tién

Hinh 1.3: May cdt plasma

Céc may diéu khién t6i diém.

e Vi du nhu méy khoan, khoét, may han diém, may dot, dap .....

e Cic may diéu khién doan thing : d6 13 cac mdy c6 kha ning gia cong trong qua
trinh thuc hién dich chuyén theo cac tryc.

e May 2D

e May 3D

e Piéu khién 2D1/2

e Diéukhién 4D, 5D



Hinh 1.4: May cit laze

1.4  Cac by phan quan trgng
% Co céu truc.
e Dinh nghia.

- Tryc hiéu don gian 13 cac phuong huéng ma may c6 thé di chuyén. Mot may
CNC 3 truc thong thuong s€ co truc X, truc Y, truc Z va ciing 1a 3 phuong hudéng ma
may co thé dich chuyén. Cac truc nay xét theo hé toa do quy chiéu Descartes duoc goi
1a cac tryc tuyén tinh.

- Pé cai thién thoi gian cling nhu kha ning gia cong cac chi tiét phic tap ctia mdy,
nguoi ta da thém vao cac truc duoc goi la truc quay hay truc nghiéng. Cac truc nay thuc
chit 1a cac co ciu quay hay nghiéng quanh cac truc X, Y, Z tao diéu khién cho dung cu
cit co thé thun loi tiép tan nhig khu vuc kho gia cong. C6 3 truc quay chinh:

+ Truc A: quay hay nghiéng quanh truc X

+ Truc B: quay hay nghiéng quanh truc Y

+ Truc C: quay hay nghiéng quanh truc Z



Hinh 1.5: Co cdu ban may tich hop truc A va C

e S0 truc trén may CNC.

- May 2 truc: Cu hinh thuong gip trén méy tién CNC hd trg di chuyén theo
phuong tryc X va truc Z.

Hinh 1.6: Co cdu truc ciia mdy CNC 2 truc

- May 3 truc: Cau hinh nay thudng gip trén may phay CNC, cau hinh nay cho
phép may co d@)ng thoi loai bo dugc luong du theo ca 3 chiéu dai, rong va sau tuong
ung 3 truc X, Y, Z.
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Hinh 1.7: Céu hinh mday CNC 3 truc

- May CNC 4 tryc: Cac may loai nay c6 kha ning gia cong nhu cac may 3 truc,
mat khac chung dugc hd trg quay quanh 1 trong céc truc tuyén tinh X,Y hoic X.
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:
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>

Hinh 1.8: Mdy CNC 4 truc trang bi dau xoay quanh truc Y

- M4y CNC 5 truc: La may CNC ngoai chuyén dong theo 3 truc tuyén tinh con
duoc trang bi 2 trong sb 3 truc quay A, B hoic C.
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Hinh 1.9: Mdy CNC trang bi 5 truc X, Y, Z, Ava C

< Hé théng thay tich trir va thay dao tw dong ( ATC Magazine).
e Dinh nghia cia ATC Magazine.

- H¢ thdng thay dao ty dong (ATC Magazine) 1a h¢ thong cho phép may CNC
thay dao tu dong ma khong can su can thiép cua con nguoi.

- Cac thanh phan co ban cia ATC Magazine thuong bao gom:

+ Can ctr (Base)

+ Tay kep (Gripper Arm)

+ Tay hd trg (Support Arm)

+ Bau kep dao (Tool Holder)

+ O dao (Tool Magazine)

e Phan loai.

- Hé théng ATC Magazine thuong dugc chia lam mat s6 loai phé bién sau:

+ B thay dao tur dong kiéu kep (Gripping Type ATC): La 6 chira dung cu gin &
phia trude, thuong dugce dung cho cac trung tam khai thac CNC. Kha nang luu trit tir 16
dén 21 dao.



Hinh 1.10: Dai dao

+ B6 thay dao ty dong kiéu canh tay (Arm Type ATC): Pugc trang bi canh tay
robot thuc hién dong thoi viéc 14y dao ra khoi truc chinh va 6 dao sau d6 quay 180 do
dé 1ap dao mdi vao tryc chinh va tra dao cii vé 6 dao. Kha ning luu tri tir 24 d¢én 30 dao.

Hinh 1.11: Canh tay thay dao tw dong

+ B6 thay dao ti dong kiéu xich (Chain Type ATC): str dung cac day xich dé chira
dao theo timg vi tri, c6 thé chira tir 60 dén hon 200 dao. Thudng duge ding trong cac
trung tam gia cong CNC I6n.



Hinh 1.12: B¢ thay dao tw dong kiéu xich

+ B6 thay dao tu dong kiéu quay (Rotary Type ATC): Thuong dugc trang bi ngay
dudi truc chinh, khi thay dao, truc chinh s€ di chuyén xudng dé dao di vao 16 con cia
truc chinh.

PRAGATT

Hinh 1.13: Bé thay dao tw don kiéu quay
1.5  Céac san pham va dung cu cit
1.5.1 Cac loai dung cu cit ciia may CNC
e Dinh nghia va vat liéu cAu tao dao cat CNC :
- Dung cu cat co khi 1a dung cu dung dé cat got phoi loai bo di 16p vat liéu thira, tao

ra bé mit bién dang chi tiét can gia cong. Dung cu cit duoc dung trong may CNC thuong
c6 do ctiing 16n hon vat li¢u cua chi tiét gia cong.
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+ Viéc lua chon dung loai dung cy cat 1a viéc rat quan trong trong CNC vi dung cu
cit duoc ding cho may CNC thuong da dang vé chiéu dai, kich thudc, sb luong ludi cat
va ca vat liéu ciu thanh nén ching. Viéc chon sai dung cu cit c6 thé dan dén sai sot
trong qua trinh cét got 1am sai kich thuéc bién dang va cac tinh huéng nguy hiém khac
nhu gay dao...

- Cac vat liéu duoc dung dé ché tao dao cit CNC:

+ Thép carbon (Carbon Stell): 13 loai vat liéu ré tién nhat, thanh phan c¢6 0.6-1.5%
C két hop véi mét lugng nho mangan va silicon. Dao dugc ché tao tir loai vat liéu nay
thudng c6 toc do gia cong thip v6i cac nguyén cong vi du nhu khoan xodn, phay dinh
hinh, phay va tién céc chi tiét c6 vat liéu mém nhu g, hop kim mau...

Vonfram va Molypden dé tang cudng do cimg, do déo dai va chdng mai mon. Dao
cit duoc ché tao tir thép tdc d6 cao cho tde do boc tach phoi 16n, gia cong dugc ca kim
loai mau va hop kim cung.

+ Solid Carbide: Chat liéu nay chong mai mon t6t hon ca thép téc do cao va dé sut
mé thay vi mon dan theo thoi gian. Vat liéu Carbide duoc tao thanh bang cach thiéu két
carbide v&i cac kim loai khac nhu vonfram, titan hoac tantalum lam cho dao c6 kha nang
chiu nhiét tot, thuong dugc ding trong nhitng cong doan gia cong bé mit chat lugng
cao.

+ Ceramic: La loai dung cu cit duoc phu gém trén bé mat dugc lam tir oxit va silicon
nitride cho kha nang chéng mai mon va do chiu nhiét cuc cao. Thuong dugc su dung dé
cit cac kim loai cing nhu gang, thép cing va thép hop kim.

- Bau kep dao 1a bo phan tiép xuc truc tiép giita truc chinh cia may gia cong va
dung cu cat nén 1a mot yéu t6 quan trong dé gia cong chinh xac. Yéu t dé danh gia chat
luong cua bau kep dao 1a d6 can bang dong.

+ Hién nay, c6 cac loai bau kep dao thong dung nhu bau kep Collet, bau kep dao
phay, bau kep thuy luc, bau kep nhiét, bau kep taro ren....

e Dao dung trong may phay CNC:

+ Dao phay ngén (END MILL): Dung dé phay bién dang, phay ranh, gia cong
dot, gia cong dam xién... Dao phay ngon da dang vé chung loai hinh déng cling nhu
chtrc ning riéng biét co thé ké dén mot sb loai nhu: Dao phay ngén loai 2 ludi cét, 3 ludi
cit, c6 hodc khong c6 ludi cit tam, hodc vé hinh dang nhu dao dau cau (ball mill), dao
phay ngén bo canh (bull mill), hodc dao pha tho (Roughing).
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+ Dao phay mat (FACE MILL): Dung dé gia cong bé mit chi tiét, tao khu vuc
bang phang trén khoi vat li¢u hodc dung dé phay khoa mat trén dinh cua chi tiét thuong
c6 bién dang 1ién khéi hodc c6 thé gén manh cit roi, cang nhi€u ludi cat thi toc d§ bode

tach kim loai cang nhanh va cang 6n dinh.

Hinh 1.14: Cac logi dao phay ngon

Hinh 1.15: Cac loai dao phay mdt

+ Miii khoan (Drill): C6 cau tao twong ddi gidng dao phay ngén, nhung c6 mili
nhon & dau dé c6 thé d& dang gia cong nhiéu 16 véi nhiéu d6 sau khac nhau. Thuong
dugc lam bang thép HSS, mot s6 loai ¢6 thém cac 16p phu dé tang d6 cing va chdng an
mon cho dao hodc ¢6 thé gan manh dao roi nhu FACE MILL.
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Hinh 1.16: Miii khoan

+ Miii khoan tim (Center Drill): Dung dé khoan dinh hinh 13 tam trude khi tién vao
chu trinh khoan.

Hinh 1.17: Miii khoan tdm

+ Miii taro ren va phay ren: Dung dé€ tao ren trong cho chi ti€t, véi dao phay ren
con co thé gia cong ren trong lan ren ngoai cua chi tiét.
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Hinh 1.18: Dao phay ren va miii taro ren

+ Dao doa 16 (Reamer): Dung dé md rong 16 v6i mot dung sai nhéat dinh dong
thoi 1am bong bé mit 18. Yéu cau dé doa 15 13 phai khoan trude 118 ¢6 dudng kinh tir
khoang 0.5-> 1 (mm) dé c6 thé tién hanh doa.

e ————
—_——

Hinh 1.19: Dao doa 16

+ Fly cutter: Dung dé tao cac bé mat phang 16n, c6 d6 bong cao ciing nhu luong
kim loai can boc tach it hodc c6 thé dung dé quét di lugng ba via trén bé mat chi tiét.
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Hinh 1.20: Fly cutter

+ Céc dao dinh hinh bién dang khac: La cac loai dao dugc ché tao riéng dé gia
cong cac bé mat dic biét ma khong tim dugc loai dao phu hgp hoac dé thuc hién cung
ltc nhi€u nguyén cong nham tiét ki€ém thoi gian gia cong.

Dao géc den Dao goc kép Dao ban cau [6m

Hinh 1.21: Mt s6 dao dinh hinh phé bién.

- Dao dung trong may tién CNC: Gom 2 phan chinh 13 phan can va phan cat. Phan
cit gdm mit trudc, mit sau va phan ludi cat, phan can 1a phan dé kep gitt dao trén 6 ga
dao. Phan can dugc thiét ké nhiéu loai véi da dang céac kiéu dang chirc ning.

+ Dao tién ngoai: Pugc dung chu yéu dé tién tru ngoai hay tién khoa mit. Co 2
loai 1a dao tién ngoai dau thing va dao tién ngoai dau cong, tuy vao diéu kién gia cong
ma chon loai dao tién phu hop.
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Hinh 1.22: Dao tién ngoai

+ Dao tién trong: Pugc chia thanh 2 loai 1a dao ti¢n 16 thong va dao tién 16 bac
thuong dugc ché tao bang thép hop kim Carbide hoac thép gié HSS c6 kha ning chiu
nhiét cao.

Hinh 1.23: Dao tién trong

+ Dao tién ranh va cét dut: Thuong dugc dung dé tao ranh trén tru tron hodc cét
dut phan thura hodc chi tiét ra khéi phoi. Ngoai tién ranh ngoai ranh trong con c¢6 dao
tién ranh 16 va ranh mat dau.
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Hinh 1.24: Dao tién ranh va cat dirt

+ Ngoai ra con c¢6 cac loai dao tién phd bién khac nhu: dao tién ren, dao tién vai,
dao xén mdt dau, dao tién doa 10, va dao tién dinh hinh,... Ngoai ra, dao ti¢n cling co
thé phan loai theo cach khac dya trén cau trac, hinh dang, hudng tién va d¢ hoan
thién...

1.5.2 Cac san pham
e Cac nguyén lidu ma may CNC c6 thé gia cong duoc.

- May CNC c6 thé gia cong hau nhu tit cac loai nguyén liéu. N6 chi phy thudc vao
dac tinh cia dao cu va ting dung cua tirng may.

- Céc nguyén liéu pho bién thuong thay 1a thép, dong, kim loai mau, titan va cac
loai hop kim... Ngoai ra cling c6 thé 1a cac nguyén liéu phi kim khac nhur gd, nhuya, kinh,
xi bot, ABS, POM, nylon...

- Tuy nhién, cac nguyén liéu qué cting hodc qua mém ciing kho c6 thé gia cong trén
may CNC. Vi du nhu cao su, silicon hoac cac vat li¢u gion nhu gém.

- Cac ung dung cua may CNC rat rong nén san pham tir CNC ciing rat da dang, vi
du nhu d6 noi that, cac chi tiét gia cong co khi, tranh d4, chir diéu khic nghé thuat

- Céc san phan d6 gd tir may CNC
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Hinh 1.26: Sian phiam tir nhém
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CHUONG 2: THIET KE HE THONG PIEU KHIEN

2.1. Nhiing tinh niing ciia hé thong CNC.

- Hé théng CNC dugce str dung dé diéu khién may coéng cu va trung tim gia cong.
Chiu trach nhiém tao ra chuyén dong tuong di giita dung cu cit va phoi.

- Nhiing tinh ning ndi bat ciia may CNC:

+ Gitp nguoi van hanh gidm sat dugc qua trinh gia cong.

+ C6 thé lap trinh va gia cong chi thiét theo nhiéu chun kich thuéc khac nhau.

+ Cho phép trao ddi dit liéu theo chuan EIA hodc ASCIL.

+ C6 thé lap trinh gia cong bang tay hoic nhip chuong trinh bang may tinh.

+ Hiéu chinh (bu trir) ban kinh dao hoic chiéu dai dao.

+ C6 thé luu trit nhidu chuong trinh gia cong cing luc.

+ Chuan doan va bao 16i hu hong, gitp nguoi van hanh may dé dang hon.

+ Gidm thoi gian chi phi dao tao nhan lyc, tang nang Suét.

2.2. Céu tao ciia hé thong diéu khién CNC.
- Xét theo chirc ning, hé thdng CNC c6 cac thanh phan chinh sau:

:> (Graphical) Supervisory Control and
User Interface (Ul) Data Acquisition (SCADA) Production
r'y Network
non-real-time
communication I

Machine Interface

|
(&)
e :> Computerized Numerical a E Programmable Logic
g Control (CNC) Kernel ! Controller (PLC)
QE
3 S
£ I
E Fieldbus Interface
w

Fieldbus Communication (real-time)

|

:> Drives /O Modules

Hard Wire Connection/
Specific Bus Systems

Input

Motor Actors Sensors D
evices

Hinh 2.1: Cdc thanh phan cia hé thong CNC

+ B0 phan giao tiép giita ngudi va may MMI (Man Machine Interface).
+ Phan 16i diéu khién s6 NCK (Numerical Control Kernel).
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+ B0 phén diéu khién logic PBL (Programer Logic Control).

- Ngoai ra, c6 mot s6 thanh phan quan trong khac nhu:

+ Modun 10

+ Céac cam bién

+ Thiét bi dau vao

+ B0 truyén dong va dong co

+ B0 phén gidm sat va thu thap dir licu SCADA (Supervisory Control and Data
Acquisition)

2.3 Chikc niing ciia cac thanh phan chinh trong hé thong CNC.
2.3.1. B phén giao tiép giira ngudi va may MMI.

- La bd phén chiu trach nhiém giao tiép giira ngudi va may, bao gdm cac nut bam,
1énh, man hinh hién thi va cac dén bao. Chirc nang chinh gom:

+ Hién thi cac chtc ning lién quan dén hoat dong trang thai cia may: Hién thi,
quan ly chuong trinh, ché do cit, dung cu cit...

+ Thiét lap céac tham sb cua may: H¢ dan dong, diéu chinh cac truc, dao, toa do
may, diéu kién bién an toan.

+ Soan thdo chuong trinh gia cong.

+ Giam sat canh bao.

.
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Hinh 2.2: Bang diéu khién may CNC
2.3.2. Bo phan diéu khién s6 NCK.

- La phan c6t 161 ctia hé théng CNC. Cé chire nang dich cac chuong trinh duoc
nhap tién hanh ndi suy, diéu khién cac dong co va bu trur sai s6 dao cu dua trén chuong
trinh da dugc thong dich.

+ Chuc nang thong dich: Poc chuong trinh gia cong, thong dich cac block 1énh
duédi dang ma ASCII vao bd nhé trong roi tién hanh noi suy.
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+ Noi suy: Poc cac thong tin, luu vao bd nhéd dém. Tinh toan vi tri, tdc d6 roi luu
vao mot bo nhé khac 1a FIFO dé dicu khién gia toc, giam toc...

\

MMI PLC MPG., Encoder D/A
Fast D.1. Fast D.O. counter converter
| t | t 1 + 1 +
, . 3 L -
?lfc':‘nc(;‘r‘v L L | [ | Memory mapped 1/0 — 1
¥ |prr == — |prr|
i Inernal ;
Part | data | |
program | block . FIFO block + T —-g
l 8331 |
be $
Com, \ I 1
sk J — e
/~ SEBS .‘\ I, ’ ;",'"Tf"" mynql-uk \l\\ '/.--"/_ Pnunujn cut““_.l mk_ _—_B_
Int " 1] Signa o Signal | ( Fine o/Dec | [ Position
c';p‘i\' 20 L .1 read | wnite | }J - 17O HA’;’:"m cu:urnl L)
\. T O] / \_ Lroutine | | |_routine |
. ou d
N —\\—_\.__ _rouune ! = AR S~ < -_7__/
Noa-cyclic Cyclic — — = i
sk task NCK software

Hinh 2.3: Bj phdn diéu khién sé NCK

2.3.3. B phén diéu khién logic PLC.
- La bd phan diéu khién cac hoat dong khac ctia may nhu: Thay dao, tde do truc
chinh, nhap hodc xuét cac tin hiéu xir 1y.

CPU Module

Programmer
( Editor ) Executer
‘ Compiler J
= — : [ PLC Program ’
[ Monitor J

2.4. Phan loa

I

1

Input Module

Output Module

Hinh 2.4: Bj phdn diéu khién logic PLC

i h¢ thong CNC

- H¢ théng CNC duogc chia lam 4 loai:

+ Piéu khién chu trinh hé (Open Loop).

+ Piéu khién chu trinh ntra kin (Semi-Close Loop).
+ Piéu khién chu trinh kin (Close Loop).

+ Piéu khién hdn hop (Hybrid Loop).

2.4.1. H¢ thd

ng CNC diéu khién chu trinh hé.
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- Trong hé thong diéu khién ho, dir liéu chuong trinh dugc dua vao bo diéu khién
MCU (Microcontroller Unit). N6 giai ma va luu trit chwong trinh trong bo nhé cho dén
khi ngudi van hanh cho chay chuong trinh.

- Cac cau lénh duoc chuyén tanh tung tin hi¢u xung di€n mot cach tudn ty. Sau
d6 duoc giri toi bo diéu khién, kich hoat cac co ciu chip hanh hoat dong. Lugng dich
chuyén cua dong co phu thudc vao sb xung dién ma dong co nhan dugc.

D/co truc chinh

e« True X a Dai truyén
/’ D/c Servo
Vit me .
» L 2
D/co Servo
. Piéu khién d/cd
Piéu khién d/cd s
Servo Y Servo X
. B DK may
| Machine cotrol
unit (MCU)
Piéu khién tdc dd
truc chinh
Chuong trinh
gia cong

Hinh 2.5: So do nguyén Iy hé thong CNC diéu khién ho.
2.4.2. H¢ thong CNC diéu Kién nira kin.

- Trong chu trinh nira kin, thiét bi kiém tra s& duoc lap vao truc vit me, cho phép
kiém tra va di€u chinh sai so trong qué trinh gia cong. Hi€u chinh sai so0 chi thi 1én dong
co servo nham loai bd sai s6 tich liy

22



Chi thy
vi tri

.

Diéu khién

vi tri

Diéu khién
van toc

|

2

|

Pong cd
x
servo dan

Thude

quani hoc
(ERARRRERRRRIARES

<+«—>Bin miy—»

Miy do tdc do

(tachometer)

2.4.3. H¢ théng CNC diéu khién kin.

[ —
P ///Q

Vit me- dai 6c¢

Hinh 2.6: H¢é thong CNC diéu khién nira kin

- H¢ théng diéu khién chu trinh kin dugc trang bi thiét bi giam sat vi tri ban may,
gui vi tri ban may vé b diéu khién.

Chi thi
Vi tri

2.4.4. H¢ thong CNC diéu khién hdn hop.

v

Diéu khién
vi tri

Diéu khién
van toc

|

2

|

Pong cd
x
servo dan

Thudce

quang hoc
uummuu.u.mmumé’

<+«—Bin miy—»

Miy do tdc dd
(tachometer)

77 ///?

Vit me- dai 6¢

Hinh 2.7: Hé thong CNC diéu khién chu trinh kin

- Chu trinh hdn hop 14 sy két hop ctia 2 chu trinh kin va nira kin. Diéu nay cho
phép giam sat vi tri cua ban may thong qua chu trinh kin va giam sat dong co thong qua
chu trinh ntra kin.



Chi thi 80 tri Didy dudn Diéu khién quang
vi tri ol vivi van tbc

*

t—a
-

Encoder Tachometer
Servo motor

Hinh 2.8: Hé thong CNC diéu khién hon hop.
B6 diéu khién may (Machine Control Unit - MCU) trén may CNC chiu trach nhiém
diéu khién céc truc chuyén dong ciia méy, bao gom chuyén dong tuyén tinh va xoay.
Duéi day 1a mot s6 chi tiét cu thé vé bo diéu khién may trén may CNC:

2.4.5. Mot s6 b phan phd bién trong bd diéu khién CNC.
(1) Bo xir ly (Processor)
- MCU thudng duoc trang bi mot bd vi xtr Iy manh mé dé xtr 1y céc tin hiéu diéu khién

va thuc hién cac phép tinh phtic tap trong qua trinh gia cong.
(2) B6 nhé (Memory)

- MCU c¢6 bd nhé dé luu trir cac chuong trinh diéu khién, dit liéu van hanh va thong
s0 cau hinh. B nhé 1on giup luu trir nhiéu chuong trinh gia cong va dit liéu hon.

(3) Giao dién nguoi dung (User Interface)

- MCU thuong c6 giao dién nguoi ding dé ngudi str dung c6 thé cai dat thong so, chay
chuong trinh, kiém tra trang thai hoat dong ctia may CNC mot cach dé dang.

- MCU két ndi véi bo diéu khién dong co dé diéu khién téc do, vi tri va hudéng di
chuyén ctia cac dong co truc trong qua trinh gia cong.

(4) Bo diéu khién toc dd (Speed Control Unit)

- Piéu chinh téc do chuyén dong cia cac truc va dong co dé dam bao qué trinh gia
cong dién ra mot cach chinh xac va 6n dinh.
(5) Bo diéu khién chwong trinh (Program Control Unit - PCU)

B diéu khién chwong trinh (Program Control Unit - PCU) trén may CNC déng vai
tro quan trong trong viéc thuc thi cac 1énh va chuong trinh gia cong dugc 1ap trinh. Dudi
day 1a mdt so chi ti€t cu thé vé bo diéu khién chuong trinh trén may CNC:

(6) Doc va thue thi chwong trinh

PCU doc va thuc thi ma G-code hodc M-code tir chuong trinh CNC duogc 1ap trinh boi
ngudi st dung. N6 dich mé 1énh thanh cac tin hiéu diéu khién cu thé dé bo diéu khién
may thuc hi¢n cac phép gia cong.

24



(7) Quan ly dir liéu ngudi dung

PCU c6 kha ning quan 1y dit liéu ngudi dung nhu luu trir chwong trinh, thiét 14p thong
sO gia cong, va quan 1y cac t€p dir liéu khac lién quan dén qua trinh san xuat.

(8) Giao dién ngudi dung (User Interface)

PCU thudng c6 giao dién nguoi dung don gian va dé sir dung dé nguoi sir dung co thé
nhap li¢u, chinh stra chuong trinh, kiém tra trang thai hoat dong cua may CNC.

(9) Kiém soat ludng chwong trinh

PCU kiém soat ludng chuong trinh, bao gém viéc chuyén doi gitra cac tac vu, thuc thi
cac diéu kién r€ nhanh, 13p lai hoac dirng chuong trinh theo yéu cau.

(10) Twong tac véi nguoi sir dung

PCU cho phép nguoi sir dung tuong tac véi hé théng CNC thong qua giao dién ngudi
dung dé cai dat thong s, chay chwong trinh, kiém tra két qua gia cong va dua ra dicu
chinh khi can thiét.

(11) Bd diéu khién truc (Axis Control Unit):

B0 diéu khién truc (Axis Control Unit) trén may CNC dong vai trd quan trong trong viéc
diéu khién cac truc chuyén dong ctia may, bao gom truc X, truc Y, truc Z va cac truc
quay khéc (néu c6). Dudi day 1a mdt so chi tiét cu thé vé bo diéu khién truc trén may
CNC:

(12) Diéu chinh toc d va vi tri cua cac truc:

B diéu khién truc giap di¢u chinh toc do di chuyén va vi tri cia cac truc chuyén dong
theo yéu cau cua chuong trinh gia cong.

(13) Picu khién hwéng di chuyén:

B diéu khién truc quyét dinh hudng di chuyén cua timg truc, bao gdm di chuyén tuyén
tinh va xoay, dé€ thuc hién cac phép gia cong cu thé.

(14) iéu chinh gia toc va decelaration:

B§ di€u khién truc cling diéu chinh gia toc va decelaration cua cac truc dé dam bao
chuyén dong mugt ma va chinh xac trong qua trinh gia cong.

(15) Phan héi vi tri (Position Feedback):

B9 dicu khién tryc thuong dugc két ndi voi cadc cam bién vi tri d€ cung cap phan hoi vé
vi tri thyuc t€ ctia cac truc, gitip dam bao do chinh xac trong qua trinh gia cong.

(16) Chirc nang bao vé (Safety Features):

B diéu khién truc c6 thé tich hop cac chirc nang bao vé nhu dung khan cap, gidm toc
do dot ngot dé dam bao an toan cho may va nhan vién.
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(17) B$ diéu khién dong co (Drive Control Unit)

B0 diéu khién dong co (Drive Control Unit) trén may CNC déng vai trd quan trong trong
viéc di€u khién dong co cua may, bao gom dong co servo va dong co budc. Dudi day la
mot sO chi tiét cu thé vé bd dieu khién dong co trén may CNC:

(18) Piéu chinh téc dd quay va vi tri ciia dong co:

Bo diéu khién dong co gitp diéu chinh téc d6 quay va vi tri cia dong co dé thuc hién
cac phép gia cong cu thé theo yéu cau cua chuong trinh.

(19) Piéu khién hwéng quay:

B diéu khién dong co quyét dinh huéng quay cua dong co, bao gdm quay theo chiéu
kim ddng hd hodc nguoc chidu kim ddéng hd, dé thue hién cic phép gia cong chinh xac.

(20) Piéu chinh gia toc va deceleration:

B9 dicu khién dong co cling di€u chinh gia toc va deceleration cua dong co dé dam bao
chuyén dong mugt ma va o6n dinh trong qua trinh gia cong.
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CHUONG 3: CAC CO CAU PAC BIET

3.1.Dong co

Pong co may CNC la mot trong nhitng bo phan cuc ky quan trong quyét dinh dén
cac chirc nang hoat dong ciia may. Cac loai dong co khic nhau s€ co6 gia khac nhau va
mang lai nhitng cong dung riéng biét pht hop véi timg nhu cau gia cong san pham.

Pong co may CNC dung dé didu khién cac hoat dong cua truc chinh, ban méay va
mot s6 bd phan khac cia may CNC.

C6 nhiéu loai dong co duge st dung trong may CNC vé6i nhitng chirc ning khéc
nhau. Mdi loai déu ¢ nhitng wu va nhuoc diém riéng. Tuy theo muc dich gia cong san
pham ma chon loai may c6 dong co phi hop.

3.2. Cac loai dong co may CNC thong dung hién nay
3.2.1. Pong co bién tan.
e Dinh nghia.

Pong co bién tan hay con goi 1a motor bién tan 1a 1 loai motor dién 3 pha c6 kha
nang thay doi toc do theo sy bién doi tan s6. Sau day 1a nhitng thong tin quan trong cia
san pham nay.

e Cau tao.

- C4u tao motor bién tan bao gdm nhing bd phan nhu:

+ Phan day dong

+ Co quat cudng btrc phia sau dudi dong co. Chiéc quat 1am mat nay tao ra nhiéu
gi6 hon canh quat cua dong co thuong.

+ Rotor va stator bang ton silic xanh can ngudi cao cap

+ Mach bién tan: Pay 1a phan chiu trach nhiém bién doi ngudn dién dau vao tir
ngudn dién xoay chiéu (AC) thanh mot ngudn dién cé tan sb va dién ap co thé diéu
chinh. Mach bién tan bao gdm cac thanh phan dién tir nhu transistor hodc thyristor dé
diéu chinh tan s6 va dién ap dau ra.

+ B diéu khién: Bo diéu khién la trung tdm cua dong co di¢n bién tan, noi céc tin
hiéu va thong sé duogc xir 1y va diéu chinh.

+ B0 cung cap ngudn: Pong co dién bién tan yéu ciu mot nguodn dién ngudn dé cung
cap nang luong cho mach bién tan va bo diéu khién.

+ B bao vé : Bo bao vé duoc st dung dé giam sat va bao vé dong co khoi cac tinh
huéng nguy hiém nhu qua tai, qua dong, qua ap, qua nhiét va ngan mach. N6 bao gom
cac thiét bi bao vé nhu cau chi, relay nhiét, cam bién qué tai va cac ché do bao vé phan
mém trong bo diéu khién.
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Hinh 3.1: Béng co bién tan
3.2.2.Dgng co budc
e Khai niém

bong co bude hay con dugce goi 1a Step Motor. Pugc sir dung trong nhiéu loai may
CNC nhu may phay CNC, may tién CNC, may khoan va taro CNC,...

9

Hinh 3.2: Dong co budc

Bo diéu khién s& nhan tin hiéu vé chiéu quay va tin hiéu xung dién dé diéu khién
gdc quay cua dong co. Ung v6i mdi tin hidu xung dién, bo diéu khién sé dua ra tin hiéu
cuong dd hodc hi¢u di¢n thé dé lam cho dong co quay mdt goc nhat dinh nao d6. Truc
vit me dai ¢ sé& bién chuyén dong quay thanh chuyén dong tinh tién cta cac truc.

Qua trinh diéu khién dong co budc ciing kha don gian. Khong can b trinh diéu
khién va tinh toan phtrc tap hoac diéu chinh dé hoat dong ding. Loai dong co nay hi¢n
nay kha bén, gia thanh twong ddi thap va duoc st dung cuc ky pho bién.

e Phan loai dong co budc

a) Phan loai theo so pha
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Loai 1: dong co 2 pha 1a loai dong co 4 day, 6 day hodc 8 day. Tuong ting véi 1 géc
budc khoang 1.8 do.

Loai 2: dong co 3 pha la loai dong co 3 day hoac 4 day. Tuong ing voi 1 géc budc
la 1.2 do.

Loai 3: dong co 5 pha la loai dong co c6 5 day. Tuong trng véi goc bude 1a 0.72 do.

b) Phan loai theo cuc

Pong co don cuc: Dong dién trong mot dong co don cuc ludn chay qua cudn day
theo cung mot hudng. Cho phép st dung mach diéu khién don gian. N6 c6 thé tao ra
mo-men xodn it hon dong co ludng cuc.

Poéng co don cuc boéng co lwdng cwg
Hinh 3.3: Cac loai dong co budc

Pong co ludng cuc: Dong dién trong mot dong co ludng cuc c6 thé chay qua cudn
day theo mot trong hai hudng. Di€u nay doi hoi mot mach di€u khién phirc tap hon dong
co don cuc, nd tao ra nhiéu mé-men xoan hon.

¢) Phan loai theo Rotor

bong co budc nam cham vinh ctru: st dung mot nam cham vinh ctru (PM) trong
rotor. N6 hoat dong dua trén luc hut hoac luc déy gitra rotor PM va nam cham dién
stator.

bong co budc bién ddi dién tro: c6 mot rotor sat tron. NO hoat dong dua trén
nguyén tic mién cudng t6i thiéu xay ra véi khe ho tdi thiéu. Do dé cac diém rotor bi hat
vé phia cuc nam cham cua stator

Pong co budc dong bo lai: st dung két hop cac k¥ thuat nam cham vinh ciru (PM)
va bién ddi dién tré (VR) dé dat duoc cong suat tbi da trong kich thude nho gon.

3.2.3. Pong co mot chiéu trong may CNC.
e Dong co mot chiéu cé choi than.

a) Dinh nghia.
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Pong co dién DC c6 choi than 14 loai dong co str dung mot dang chuyén ddi co hoc
dé thay doi cuc dong dién thong qua phan tng cta cudn diy. Bo phan chuyén d6i co
nay 1a ¢6 gop (Pugc 1am tir loai vat liéu dong dé hiéu suit cao nhat). Phan chdi quét
duogc 1ap rap véi b gop duoc lam tir carbon, kim loai, than chi va méot sé hdn hop vit
liéu khac.

b) Céu tao.

1. Rotor: Day la bo phan quay cua dong co, duoc hd tro boi truc quay. Rotor bao
gdm 13i rotor, dau cbi va nam ch@m vinh ctru. Loi rotor duoc lam bang thép tir tinh va
duoc dung 1én tir mot s6 thanh thép tur tinh. Pau cbi 1a dau det duoc dat ¢ hai dau cua
16i rotor dé két ndi v6i cac thanh thép tir tinh. Nam cham vinh ciru dugc gin vao 15i
rotor dé tao ra tir truong can thiét cho hoat dong cua dong co.

2. Stator: Day 1a bo phan tinh cua dong co, bao gdm cudn ddy va cot tir. Cudn day
duoc boc quanh cot tir va duoc gén vao khung. Khi dong co hoat dong, dau ra cua bd
truong thanh duge dua vao cudn day dé tao ra tir trudng quay.

3. Canh quat: Pay la by phan duogc str dung dé lam mat cho dong co. Canh quat
duoc gén vao dau cua tryc quay va tao ra ludng khong khi dé lam mat cho dong co.

4. Bién tr& vo cap: Day 1a h¢ théng duoc su dung dé diéu chinh tc d6 quay cua
dong co. H¢ théng nay bao gom dong co, bo diéu khién va bién tro. Khi blen trg duoc
diéu chinh, nang lugng duoc dua vao dong co s€ duoc diéu chinh dé tao ra toc d6 quay
mong mudn.

5. Chéi than: phan chdi quét duoc lap rap voi ¢ gop duoc 1am tir carbon, kim loai,
than chi va mot s hon hop vat liéu khac.

¢) Nguyén ly hoat dong.

DPong co dién mot chiéu st dung ngudn dién mot chiéu dé tao ra chuyén dong co
hoc. Hoat dong dya trén nguyén 1y dbi khang dién va luc dong tir. Luc day duoc tao ra
khi dong dién chay qua cufn day dan va tuong tac voi lyc tir cua nam cham. bé dao
chiéu chiéu quay ctia dong co, can dao chiéu dong dién chay qua cudn day dan.

Sleeve or
ball bearing

\Slalor tube

High efficiency / high strength rare earth magnet
KS&{ supporting high censity rotor coil

x . = (=13 < N
Metallic alloy brush commutation systern

Hinh 3.4: Déng co c6 chéi than
30



e Pong co mot chiéu khong chéi than.

a) Dinh nghia.

DPong co khong chdi than hay con goi 1a dong co' DC (Brushless DC motor), 1 dong
co dién duoc chuyén mach bé’lng dién tr v&1 nhitng nam cham dién dong DC di chuyén
rotor xung quanh stator. Pong co khong choi than sir dung bo diéu khién dé tao ra su
chuyén d6i ning luong dién thanh ning lwong co hoc.

Hinh 3.5: Pong co khéng chéi than dwoc sir dung trong mday CNC ¢é nho.

b) Céu tao.

Stator: GOm c6 15i sét (nhirng 14 thép ki thuat dién ghép cach dién voi nhau) va day
quan. Cach quan diy ciia BLDC khac so véi cach quan day cta dong co xoay chiéu 3
pha thong thuong, sy dac bi€t nay tao nén stc phan dién dong dang hinh thang.

Rotor: V& co ban, rotor khong khac so v6i nhitng dong co nam chdm vinh ciru khac.

Hall sensor: Vi dac thu stc phan dién dong c6 dang hinh thang nén cAu hinh diéu
khién thong thudng ciia dong co khong chdi than can c6 cam bién dé xac dinh vi trf cta
tir truong rotor so voi cac pha cia cudn day stator. Dé lam duoc didu d6, ngudi ta thuong
sir dung cam bién hiéu tmg Hall sensor, goi tat 1 Hall.
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Hinh 3.6: Ciu tao déng co khéng chéi than

¢) Nguyén ly hoat dong.

Nguyén ly hoat dong ctia dong co BLDC dua trén lyc tuong tac cua tur truong do
stator tao ra va nam cham vinh cuu trén rotor. Khi dong dién chay qua mot trong ba
cudn day stato s€ tao ra cyc tir hit nhiing nam cham vinh ctru gan nhat c6 cuc tir trai
dau. Rotor s& tiép tuc chuyén dong néu dong dién dich chuyén sang mot cudn day lién
ké. Cép dién tuan tu cho mdi cudn day s& 1am cho rotor quay theo tir trudng quay.

Trong thuc te dé tang luc twong tac, nguoi ta sé cap dién cung lic ca hai cudn day,
thtr tu chuyén tiép giita nhitng cudn day duogc diéu khién béi mach diéu khién motor
brushless.

3.2.4. Cac phwong phap diéu khién dong co buéc
e Piéu khién dang séng:

Pay 14 cach co ban nhat dé diéu khién mot dong co budc nhung n6 khong duoc sir
dung nhiéu.

Trong phuong phap nay, mdi pha hodc stato canh nhau s& dugc kich hoat lan luot
béng cach st dung mdt mach ddc bi¢t. Giap tur hda va khur tir hoa stato, dan dén chuyén
dong cua roto mot budc.

e Piéu khién chay nira budc:

Phuong phap nay khé giéng v6i diéu khién chay du bude. O step motor va mach
diéu khién, hai stator dugc dit canh nhau s& duoc kich hoat trudce va stator thir ba s&
duoc kich hoat ngay sau d6 nhung hai stator nay bi vo hi¢u hoa.

Chu ky nay kich hoat hai stator trudc va sau do6 mdt stator 1ap lai dé diéu khién dong
co bude. Phuong phap nay din dén ting do phan giai cua dong co trong khi giam mo-
men xoan.

e PDiéu khién chay bwéc nhé:
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Day 1a phuong phéap diéu khién duoc str dung pho bién nhét vi ¢6 tinh chinh xac cao
va gidm tiéng On hoat dong & mirc d 16n. Mach di€u khién cung cap dong budc bien
doi cho cudn day stato & dang soéng hinh sin.

3.2.5. Uu diém va nhwoc diém cia dong co budéc
e Uu diém:

DPong co bude khong cin cam bién dé phat hién vi tri dong co. Khi dong co di
chuyén bang cach thyuc hién cac budc cach don gian 1a dém cac budce nay. Co thé c6
duogc vi tri dong co tai mot thoi diém nhét dinh.

Diéu khién né ciing kha don gian. Khong can bo trinh diéu khién va tinh toan phirc
tap hoac diéu chinh dé hoat dong dung.

Nhin chung cach diéu khién cia né d& dang so véi cac dong co khac. Voi
microstepping, co the dat d¢ chinh xac vi tri cao, 1én té1 khoang 0,007°.

Kha ning cung cap mo men xoan cuc 16n, dic biét 1a ¢ dai van tdc thap va van toc
trung binh.

Loai dong co nay hién nay kha bén, gi thanh tuong ddi thap. Vi thé viéc kinh doanh
né ciing dé dang hon.

e Nhuoc diém:

Pong co bude co thé gip van dé 16 budc khi mo-men xoan tai qua cao. Diéu nay tac
dong ti€u cuc dén viéc kiém soat, vi khong c6 céch nao dé biét vi tri that sy caa dong
co.

Tiéu hao dong dién t6i da ngay cé khi khong hoat dong, 1am cho hiéu suat kém hon
va c6 thé gy ra qua nhiét.

Pong co c6 mo-men xoan thap va kha on ¢ toc do cao.

Cubi ciing dong co ndy c6 mat dd cong suat thip va ty 16 mo-men xodn-quan tinh
thap.

3.2.6 Dong co servo
e Khai niém

Pong co servo thyuc hién dan dong cac hé théng nhu chay dao, dich chuyén ban may
va quay truc chinh. Tc do c6 thé thay doi dugce tir 0 dén giéi han maximum.

Pong co Servo 1a mét trong nhitng dong dong co quan trong va dugce sir dung phd
bién trong may CNC. Nho vao hiéu suat va kha ning lam viéc chinh xac ciing nhu tu
dong hoan toan duoc 1ap trinh bang may tinh.

Su khac nhau co ban nhét cta dong co servo so vdi dong co budce la dong co servo
¢6 mach diéu khién kin. Trong dong co servo can phai c6 hé thong phan hoi dé nhan
biét cac thong s6 vé vi tri, tc do mong mudn.

e Phan loai dong co servo

a) Pong co servo mdt chiéu DC
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Loai dong co nay sé dugc thiét ké véi muc dich tmg dung vao nhiing hé théng
ma s dung dong dién nho hon. Sau do, no ti€p tuc dugc phan chia thanh 2 loai nhé hon
la: Bong co DC Servo loai khong c6 choi than va 1 chi€u co6 chéi than.

Hinh 3.7: Béng co servo

b) Pong co DC c6 chdi than: gdm 4 cau tao chinh stato, rotor, chdi than va cudn
cam 101.

Choi

Kep

Nam cham
vinh cu
(phan Stator)

BO do

BS chinh
Iuu

Cudn cam |6
(Phan Rotor)

Hinh 3.8: Ciu tao déng co servo

¢) Pong co DC khong chéi than: Cau tric cia né twong dbi gidng véi dong co co
choi than. DPiéu khéc biét 1a cac cudn pha dugce lap ¢ rotor 1a dong co vinh ciru.

d) Pong co AC servo

Pay chinh 1a mot loai motor xoay duoc chay bang dong dién xoay chiéu c6 3 pha.
N6 s& hoat dong dua trén nguyén 1y vé nam cham vinh ctru. Piém dic biét cua thiét bi
nay la dugc tich hop thém céc cong cu dién tir va cdm bién dé truyén thong tin va diéu
khién.
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Do yéu t6 vé ciu tao va hoat dong nén AC Servo sé& thich hop sir ding trong dong
co ddc biét, va nén dung khi xr 1y cac dong dién cao the, cac loai may mde cong nghiép
nhu: may tién, may phay, may CNC, may mai

QLa
Hinh 3.9: Djng co servo AC

Pong co AC Servo dugc str dung trong cac nganh cong nghiép da phan 1a dong
co mdt chidu khong chdi than. Pong co Servo c6 cau tao 2 phan chinh giéng voi dong
co budc 1a Rotor va Stator.

- Rotor 1a mot nam cham vinh ctru c6 tir trudng manh.

- Staror 1a mdt cuon day duoc cudn ri€ng bi¢t, dugc cap nguon dé lam quay
Rotor

Cudn cam chinh

Cudn cam chinh
(phan Stator)

BS db (phdn Stator)

Diy din thi cap

Nam chnt vink (Nhém hodc dong)

cltu {(phén Rotor)

Vong dodn mach

Déng co servo AC dbng bd Béng co servo AC cadm ung

Hinh 3.10: Ciu tao déng co servo AC
e Nguyén li hoat dong cua dong co servo

Pong co Servo nhu di gidi thidu ¢ phan ciu tao thi né dugc tao nén tir hé théng
vong khép kin. Tin hi¢u dau ra cua Servo s& duge ndi vai mach diéu khién. Khi dong co
quay lién tuc, van tdc va vi tri s& hoi tiép, truyén dén mach nay.

Cach thirc hoat dong cua dong co servo mang lai rat nhiéu tinh linh hoat, d6 chinh
xac va do tin cdy voi hiéu qua chi phi cao. N6 cé thé hoat dong va gitr vi tri, mé-men
xoan va téc d6 mot cach chinh xac va chi trong mot phan cua gidy. Diéu nay cho phép
thuc hién cac hoat dong phirc tap cia may moc, cling co thé thuc hién cac quy trinh san
xuat kho va do d6 dic biét thich hop cho cac giai phap tw dong hoa va robot.
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a) Uu diém va nhwoc diém ciia ddng co servo

- bPong co AC servo

Uu diém: Diéu khién téc d6 tdt, didu khién tron tru trén toan bd vung tdc do, hau
nhu khong dao dong, hiéu suit cao hon 90%, it nhiét, diéu khién toc do cao, diéu khién
vi tri chinh x4c cao (tuy thudc vao do chinh xac cia b ma hoa). M6-men X04n, quan
tinh thap, tiéng 6n thap, khong c6 ban chai mic, bao tri mién phi (d6i véi moi truong
khong c6 bui, né).

Nhuwge diém: Diéu khién phirc tap hon, cac thong sb 6 dia can phai diéu chinh cac
thong s6 PID dé x4c dinh nhu cau két ndi nhiéu hon.

- bong co DC servo

Uu diém: Kiém soét téc do chinh xac, dic diém téc d6 mé-men xodn rat kho,
nguyén tic diéu khién don gian, dé st dung, gia ré.

Nhuoc diém: Chéi than cho g101 han tde do, strc dé khang bo sung, dan dén céc hat
mai mon (moi truong khong c6 bui khong thich hgp)

Hinh 3.11: Dong co servo dung trong may CNC
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CHUONG 4: THIET KE MAY

4.1. Thiét ké dong hoc
4.1.1. Pong hoc may

Sau khi doc va tham khao Catalog may CNC EMCO CONCEPT MILL 155, cac
yéu cau vé dong hoc va hé truyén dong may duoc duc két nhu sau:
GoOm 2 phan chinh d6 1a:

+ Phan chép hanh: Dé may, than may, ban may, truc vit me bi, tich dung cu, cum
truc chinh va biang dan hudng.

+ Phén diéu khién: cac loai dong co, cac hé théng diéu khién va may tinh trung
tdm. MO hinh t ng quan cua mgt may CNC:

+ Phan dé may (Base): 12 phan dé d& bé may va cac hé théng truyén dong cua
truc X, Y duoc duc sau d6 gia cong co khi dé dam bao d6 chinh xac va 6n dinh. C6 thé
ché tao bang da dang cac phuong phap nhu duc, han...

+ Phan khung may (Frame): Chira tryc chinh va hé thong truyén dong truc Z

+ Str dung vit me bi dé truyén dong cho cac truc X, Y, Z

+ St dung ray truot dudi én.

. BANG BEU
O CHFADAD WHIEN
[ I
DIEU KHIEN CHC

BIEU KHIEN XUF LY CONG NGHE
CAC TRUC MAN HINH
CHAY DAD

XIF LY HINH HQC

PHAN HOI
TRUC X, Y, Z

Hinh 4.1: So d6 déng mdy phay 3 truc
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4.1.2. Pé may va than may (Base).

Thudng dugc ché tao bang cac chi tiét gang vi gang c6 d6 bén nén cao gap 10 lan
so voi thép va déu duoc kiém tra sau khi duc dé dam bao khong co khuyét tat duc. Bén
trong than mdy chira hé thong diéu khién, dong co cta truc chinh va rat nhiéu hé thong
khac.

Yéu cau:

- Phai c6 do cing virng cao.
- Phai c6 céc thiét bi chdng rung dong. Phai c6 do n dinh nhiét.
Muc dich:
- Phai dam bao d¢ chinh xac gia cong.
- Bé may dé d& toan bd may tao su n dinh va can bang cho may.
Dua theo tai liéu tham khao (Catalog), ta c6 két cau khung than co khi cia may
dugc v& 3D bang phin mém Solidwork nhu hinh dudi:

4.1.3. Ban may.

- Ban may 1a noi dé ga dit chi tiét gia cong hay ga dat. Nh c6 sy chuyén dong linh
hoat va chinh xac ctia ban may ma kha ning gia cong cia may CNC duogc ting 1én rat
cao, c6 kha ning gia cong d gc nhitng chi tiét c6 bién dang phic tap.

- Yéu ciu cua ban may: Phai c6 d6 6n dinh, cting viing, dugc diéu khién chuyén
dong mdt cach chinh xac.

- Cac thong s6 chinh cua ban may:

+ Kich thuédce: 520x200 (mm)

+ Tai trong tdi da chiu duoc: 25 (kg)

+ 3 rénh chit theo chuan DIN 650, rong: 12 (mm)
+ Khoang céch gifra cac ranh: 45 (mm)

- Ban may cuia may phay EMCO CONCEPT MILL 155 ¢6 thé di chuyén theo 2 truc
X/Y duoc truyén dong bang vit me va st dung ngudn chuyén dong tir dong co budc
(Step Motor)
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Hinh 4.2: Ban may CNC trong Solidwork

4.1.4. Truc chinh

- Truc chinh 13 noi 1p dung cu nhu dao phay hay céc dong hd so dao... 12 noi tao ra
chuyén dong chinh 14 chuyén dong quay cua truc chinh tao ra lyc cét trong qua trinh gia
cong.

- Mot sb may phay CNC c6 truc chinh sir dung ngudn dong luc tir dong co servo
ché do vong lap kin, bang cong nghé s dé tao ra toc dd quay chinh xac va hiéu qua dudi
ché d¢ tai nang.

- Truc chinh cia may phay CNC c6 thé dugc gén tryc tiép 1én dong co hoac thong
qua bo truyén dai dé truyén chuyén dong va momen xodn nhu bo truyén dai, bo truyén
banh rang hoic truyén dong truc tiép..

- Cum tryc chinh ctia may Mill 155 str dung ngudn dong luc tir dong co bién tin,
thong qua bd truyén dai dé truyén chuyén dong ciing nhu momen xoan dén truc chinh
dé may thuc hi¢n qua trinh cat got.
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Hinh 4.3: Cum truc chinh may phay CNC

4.2. Tinh to4n thiét ké chi tiét.
4.2.1. Piéu kién lam viéc.

- Loai may: may CNC EMCO CONCEPT MILL 155
- Ché d6 cit thir nghiém: tdi da thong sb cat v, ap, f
+ Dao phay mit ddu AHX475S-063A05AR: z= 5, D= 63 (mm)
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(" Metric Standard )

For metric arbors

DC=mm size, DCON =mm size

(mm)

—: e ——
|l E
DC Order Numbe stock| | B LF DCX DCON Fio | Wrika) | APMX
o | AMX4755-050A04AR | * | ¥ | 4 50 657 22 1 06 16
AHX4758-050A05AR | » | v | 5 50 | 657 | 22 1 06 16
g3 | AHX475S-063A05AR | % | Y | 5 50 * 78.7 i 22 ! 1.0 1.8
- . AR |+ | v |6 sa | mr | 2 1] 10 16
o | AHX475S-080A06AR | * | v | & 50 956 27 1 18 16
AHX4755-080A08AR | * | ¥ | 8 50 956 | 27 1 16 16
100 | AHX475S-100A07AR x| v | 7 63 1156 32 1 33 16
AHX475S-100A09AR | » | v | ¢ 63 156 | 32 1 33 16
125 AHX4755-125B08AR * Y B 63 1406 40 2 40 16
AHX4755-125B10AR | * | v |10 63 1406 | 40 2 40 16
160 | AHX475S-160B10AR *«| v |10 63 1756 40 2 60 16
AHX475S-160B12AR | » | v |12 63 1756 40 2 6.0 16

Hinh 4.4: Théng s6 dao phay mdt dau

Diameter ( )

Name of Grade Carbide
Grade MP6120
Order Number NNMU130532ZEN-M
Sales unit 10
Stock ®
Unit of Length I
D1 165
IC 528
S 2
RE 126
Breaker M

+ Tiéu chuan quéc gia: TCVN 1766-75

+ Vat liéu: thép C45

Hinh 4.5: Théng sé chip gin vaio dao

+ Van tdc: v = 260 m/ph

+ Chiéu sau cat: ap = 0.5 (mm)
+ Bé rong 16p cat: ae = 63 (mm)
+ Luong chay dao rang: fz = 0.4 (mm/rang)
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RECOMMENDED CUTTING CONDITIONS
—
Wiorkpiece Matenal Hardress |  Grade [ Breaker [ o w | =
MP§120 R | 490(330-655) 024 <083 _|<08DC
MP6120 R | 4030655 031 <065 |05-080C
N WP6130 R | 426(260-5%0) o4 <083 |<0s0C
MP6130 R | 425(260-5%) 031 <083 [05-080C
MP6130 M| 425(260-560) 09 <083 [08-10C
WP6120 R | 425(260-580) 024 <063 |<050C
MP§120 R | 425(260-5%) 03 <063 [05-080C
 MPES20 M | 425(200-5%0) 039 <063 [08-10C
ARimimine | WEIE " wen R | %0(195-525) 024 $ 063 [<050C
weetao | R | %0(195-525) Lo $083 [05-080C
WP6130 M| 360(195-525) 0% <065 [08-10C

Hinh 4.6: Théng sé cdt véi thép carbon do hing cung cdp

- Khéi luong 16n nhét cua chi tiét: M = 25 (kg)
- Khéi luong ban may: Mgy, may = 33.22 (kg) [73.238 Ib]
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Hinh 4.7: Khéi heong ban mdy tinh toén trén pham mém Inventer

- Khéi lugng ban ga truc Y: Mgy = 15.54(kg) [34.268 1b]
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Hinh 4.8: Khoi lwong ban ga truc Y tinh todn trén pham mém Inventer

- Van tdc 16n nhét khi gia cong: V¢ max = 4 (m/ph)

- Vén tbc chay 16n nhat khi khong gia cong: Vehay max = 7.5 (m/ph)

- Thot gian hoat dong 15 nam: 43800 gio.

- Hé s6 ma sat tron bé mit: u = 0.005

- Viing hoat dong 16n nhat: L4, = 300 (mm)

- Gia tc 16n nhét ciia hé thong: a = 0.3g =3 (m/s?)

- Tinh to4n théng sé ché do cit thir nghiém:

+ Tdc d6 quay truc chinh: n = 1000v _ 1000280 — 1379.34 (v/ph)

i D TTX63
+ Toc do quay cua dong co budc truc x: n,y,,, = 1600 (v/ph)
+ Luong chay dao: v = zXfzxn = 5%x0.4x1379.34 =2758.68 (mm/ph)
+ Chon ae theo dé xuat ctia hing cung cap dao: ae = 63 (mm)
+ Goc cit chinh theo hing Mithubishi cung cap: Ky= 15°
+ Hé s6 luc cit (Specific Cutting Force) Kc do hing cong bd: Ke = 1600
apxaexvfxKc _ 0.5x63x2758.68x1600
60x106x1 - 60x106x0.98 = 2.36 (Kw)

+ Momen cyc dai khi cit: Mc = 16.34 (Nm)

+ Cong suit cit: Pc =
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Tensile
strength
(MPa)
and hardness

Specific Cutting Force Kc{MPa)
Workpiece material

0.1(mm/toom)10.2(mm/tooth) 0.3(mm/tooth) | 0. 4(mm/tooth) | 0.6(mm/tooth)

Mild Steel 520 2200 1950 [ 1820 1700 . 1580
Medium Steel . 620 ' 1980 ‘ 1800 f 1730 : 1600 ‘ 1570
Hard Steel | 720 ' 2520 [ 2200 [ 2040 7 1850 . 1740
Tool Steel [ 870 ' 1980 1800 1730 1700 1600
Yool Steel [ 770 . 2030 1800 1750 1700 1580
Chrome Manganese Steel | 776 . 2300 [ 2000 [ 1880 . 1750 . 1660
Chrome Mangancso Stool | 630 I 2750 ' 2300 ' 2080 , 1800 I 1780
Chvome Melybdenum Steel | / 730 . 2540 [ 2250 [ 2140 “ 2000 ‘. 1800
Chrome Molybdenum Steel | 800 . 2180 2000 1860 1800 ’ 1670

Nickel Chrome Molybdenum | I ‘ ' ’ I
Steel 840 2000 1800 1680 1600 1500
fecH c"m;"l:::b"’bd"""m 352HB 2100 1900 1760 1700 1530
Cast lron I 620 ' 2800 ' 2500 l 2320 ‘ 2200 ' 2040
7 Hra'déast fron | CSHRC . 3000 [ 2700 [ 2500 “ 2400 “ 2200
Meehanite Cast lron | 380 . 2180 [ 2000 [ 1750 ? 1600 . 1470
Gray Cast lron | 200HB I 1750 1400 1240 1050 |70
Brass | 500 . 1150 [ aso [ 800 . 7000 . 630
Light Alloy (Al-Mg) [ 160 ' 580 ' 480 ' 400 ' 350 ' 320
Light Allow (ALl-Si) | 206 . 700 ‘ 500 ‘ 490 ‘ 450 . 3820

Hinh 4.9: Bing hé sé luc cat cu thé (Kc) do hang Mitsubishi cung cdp
- Ta c¢6 Mc = 16.34 (Nm) => Fm = 22 = 223 _ 518 (N) = 51.8 (kG)

) Dc 0.063
Véi Fm 1a luc cat chinh cua may.

4.2.2. Tinh h¢ din ddng toan ban may.
4.2.2.1. Nguyén Iy hoat dong va quy trinh tinh toan thiét ké hé din dong
a) Nguyén ly lam viéc.

- Cac thiét bj dan dong dong mot vai trd quan trong trong may CNC, 1a nhan t6 dam
bao su van hanh gia cong va do chinh xac ctia may. C6 nhiém vu din hudng chuyén
dong ban may theo truc X, Y, 1én xuéng cua truc Z

- Nguyén ly: Dong co quay truyén chuyén dong qua bo truyén dong dai (xich hoic
truyén truc tiép) duoc lap ¢ 1 dau tryc vit, truyen chuyén dong quay cho vit me. Vit me
duoc ga dit trén 2 6 d& ¢ hai ddu quay tao chuyén dong tinh tién cho dai 6¢c.Pai ¢ duoc
lip v6i ban Y bang bulong, dai dc di chuyén doc theo truc vit me gitip ban Y chuyén
dong tinh tién trugt trén 2 thay ray song song véi truc vit me lap c6 dinh trén than may
than may.Ban X ciing chuyén dong tuong tu

- V61 may EMCO CONCEPT MILL 155, hé dan dong ban may gém coO vit me, dai
e bi, dong co budc, bd truyén dai... dan dong ban may theo phuong 2 truc X, Y ¢6 so
d6 dong nhu hinh sau:
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TEN GOI
O dé true X
Rﬁ_\' trugt truc X
Vitme bi truc Y
Odotruc Y
Ray trugt trye Y
B truyén dai
Pong co truc X
Dong cotruc Y

B truyén dai truc Y

Dai a¢ b

‘Ban may
Ban ga truc X
Vit me bi truc X

B
i
| 8
> 9
] 10
11
£l
, 1

oo
~

13/ 12 11 10 9

<

Hinh 4.10: So do hé truyén dong ban mady

b) Quy trinh tinh toin thiét ké hé din dong ban may.

- Pé thuan tién cho viéc lya chon thiét bi ddn dong, can phai xdy dung quy trinh
tinh toan phu hop, tiét kiém thoi gian cling nhu khéi luong tinh toan thiét ké, quy trinh

nay bao gom 3 noi dung.

+ Tinh chon cum vit me dai 6c bi cta truc X, Y.
+ Tinh chon 6 lan, 6 d.
+ Tinh chon dong co budc va bo truyén dai

- Dudi day 1a so db trinh ty cac budc tinh toan:

45




Khong dam bao

Piéu kién lam vie I

A 4

Chon chiéu dai truc vit

!

Tinh chon budrc vit

4

Tinh hé 6 tai trong dong

v

.

Xic dinh kiéu ldp 6 lan

'

Tinh duémg kinh tryc vit

.

' Chon vit me bi \

|

Kiém tra tudi tho lam viéc

!

Kiém tra tai trong t&i han cua truc vit

|

Kiém tra toc d¢ quay cho phép

A

Kiém tra (mg suat cho phép

'

K ét thic ‘

Hinh 4.11: Quy trinh tinh toan
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4.2.1.2. Tinh toan hé dan déng truc X.

ST TEN GOI
X | Oda
< > 2 Vit me bi
. 3 Pai oc bi
je—— 4 Ban may
i /|\ - _ 5 B& truyen dui
‘K—’V\NVW\/\MNW 6 INIE00

[

Hinh 4.12: So do truyén dong ban may theo truc X

- Gia st vit me quay duoc 1 vong (27) thi ban may di chuyén dugc mot luong tx,
vit me di chuyén dugc mot goc 0 < 2m thi ban may di chuyén dugc mot lugng x < tx,
dong co bude quay z bude

- Tir gia thuyét ta co: x = ;—’; 6 (1) v6i x 1a d6 chinh xac dich chuyén.

- Chon budc vit me: 1 =5 (mm) => tx =5 (mm)
- Goi s6 budc cua dong co 14 z. chon z = 200 (budc)
=> Gobc quay 0 = = 27” H (2) v6i H 1a kha ning diéu khién nho nhét cua dong co
bude, chon ché dd didu khién nho nhét la H = ; = 0.125 (budc)
- Thay (2) vao (1) ta duge: x = = H
- Ta ¢4 d6 chinh xac dich chuyén theo truc x do nha san xuat cung cap la:
x=3 (um)

- bé giam s6 budc cling nhu kich thudc dong co budc va nhiéu yéu cau k¥ thuat-
kinh té khac, thém bd truyén dong trung gian lam gidm sé budc cling nhu nang cao
momen xodn cua dong co budc.

- Theo két cdu ctia may, chon bo truyén dai c6 ty sé truyén i truyén dong tir dong co
budc sang truc vit.

- Vi bo truyén dai trung gian gitra dong co va truc vit, ta ¢6 luong dich chuyén ban
iXtx XXz

H=>i=

z HXtx

may theo tryc x: x =

+Voitx =5 (mm), H=0.125, z= 200, ta tinh dugc s6 bude dong co:
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_xXz _0003x200 _
"THxex  0125x5

* Tinh toan lwa chon truc vit me, dai dc bi, 6 1an cho hé truyén dong ban may theo truc
X.

- Piéu kién lam viéc cta truc vit me dai dc bi.
+ Luc chéng truot (Iyc ma sat cua bi b lan véi dai ¢ va truc vit):
F, = u X (Mpay may + Mppsi) = 0.005(332.3 + 250) = 2.91 (N)
+ Luc cit chinh cia may: Fm = 2751 (N)
+ Luyc cét theo phuwong z: Fz = 0.5Fm = 0.5x2751 = 1375.5 (N)
+ Hé sb ma sat lan: 0.005
+ Luc ma sat cia 6 bi lan: f = 2.91 (N)
+ Gia téc ban may a = 0.3g =3 (m/s?)
+ Gia tdc trong trudng: g = 10 (m/s?)
+ Khéi lugng tong cong m = Mpan may + Mpna: = 33,23 +25 = 58,23 (kg)
+ Hé s6 ma st lan ciia bi trén : y,; = 0.1
Tinh toan cac luc doc truc:
- Tang toc (Nguoc chiéu duong duoc quy ude trén so do):
For = upi X (mg + Ep,) + ma+ f
& F;; =0,1.(58,23.10 + 259) + 58,23.3 + 2,91 = 261.73 (N)
- Chay déu (Nguoc chiéu duong):
Foo = pi X (mg + Epp) + f
< Fy, =0,1.(58,23.10 +259) +2,91 = 87.04 (N)
- Gia cong (Theo chiéu duong quy udc):
Foz = Fp + up; X (Mg + Fp,) + f
& Fy3 = 5184+ 0,1.(58,23.10 +259) + 2,91 = 605.04 (N)
- Giam tdc (Theo chiéu duong quy uéc):
Foo = pp; X (mg + Ey;) —ma + f
& Fpy =0,1.(58,23.10 + 259) — 58,23.3 +2,91 = —87.65 (N)

=> Luc doc truc trung binh:
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F _ 3 ZFig-ni-ti — 3 Fimax'Nlmax'Tl + F%max'NZmax-TZ
mr Z ni- ti Nlmax' T1 + NZmax- TZ

Trong do:
+ Fimax » Famax: Luc doc truc 16n nhat khi khong gia cong va khi gia cong
+Nymar» Nomay: SO vOong quay 16n nhat khi khong gia cong va khi gia cong
+ T, T,: Thoi gian may hoat dong & ché do khong tai va co tai

Bang 4.1: Luc doc truc twong wng:

Lwe doc truc (N) S6 vong quay (v/p) Ty 1é thoi gian (%)
Fimax = 261.73 Nimax = 1600 T, = 30
Fymax = 605.04 Nymax = 853.3 T, =70

3[261.733x1600%0.3 +605.043%853.3X0.7
E,. = \/ X ooox “222 = 507.60 (N)
1600x0.3 + 853.3%0.7

Chu ¥: Trong phén tinh luc doc truc trung binh ta lay Fi & 2 truong hop khi khong
gia cong va gia cong. Vi ty 16 thoi gian 1a 30% va 70% xét trong giai doan on dinh
ctia may nén Ni 14 nhu nhau tai cac thoi diém.

Tinh toan tai trong (C,, C,).
- Téi trong tinh:
+ Céc cong thirc tuong tng:
Co = fs Famax
Trong do:
C,: Téi trong tinh.
f. : Hé s bén tinh, véi may congcu f, = 1,5 — 3.Chon f, = 2.5
Fymax : Luc doc truc 16n nhat tac dung 1én vit me.
& C, = 2.604.4 = 1208.8 (N)
- Tai trong dong:
+ Vil =5 mm => Van tdc quay danh nghia la:
Vi _ 4000

= 2% — 800 (vip)

N. =
m l 5
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C, = (60 X N, x L)* x E,, X f,, x 1072
< C, = (60 x 800 x 43800)/3 x 51.8 x 1.2 x 1072 = 796.31 (kgf)
Chon kiéu bi cho dai 6¢ bi.

- Lua chon bi cho dai ¢ bi vu tién d6 cung, do chinh xac, van hanh ém ai va do hao
phi chuyén dong thap, theo dé cac thong s6 vé loai bi dugc chon la:

+ O bi loai luu chuyén: bi bén ngoai

+ Kiéu: OFU/DFU

+ Dong bi Iuu chuyén: Bx2 hodc Bx3
Chon cac thong s6 truc vit.

- Chon chiéu dai tryc vit (L) = chiéu dai hanh trinh 1am viéc + (chiéu dai dai oc bi,
6 bi )/2 + chiéu dai ving thoat

+ L =300 + (75+34)/2+110 = 464.5 (mm)

- Ché d6 lap 6 d& 2 dau 1a lap chat => f=21.9

- Chon tdc d6 quay cho dong co khoang 80 % so véi toc 46 quay gidi han nén ta co:
+n = 80%.Nmax = 80% X 1600 = 1280 (v/p)

Ban kinh truc vit:

by = [HEFa_ [113576 gy s g > 31 (mm)
m.[ok] m.364

Trong do:

+ Luc doc truc Fa = 507.6 (N)
+ Do bén kéo cua vat liéu 1am tryc vit ( thép CrWMn):
[ox] = 364 (Mpa)
Chon vit me:
Thong sb co ban ciia truc vit me:

+ Puong kinh: d > 3.1 (mm)
+ Tai trong tinh: C, = 1208.8 (kgf)
+ Tai trong dong: C, = 796.31 (kgf)

Chon dai ¢ bi cua hang TBI Motion loai GENERAL HEAVY NUTS OFU co6
thong s6 nhu sau:
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OFU/DFU (DIN 69051 FORM B) Series Specifications

Y - 3.
g M LY Q (0l hole)

m
o
w
O
o
£

Unit : mm
Model No. Load Rating | KX
(kgf) kgflum
OFU01605-8 52 ‘
OFU02005-8 | 20 | 5 [3.975| 36 | 58 | 10 | 85 | 47 | 44 | 66 | M6 | 1x8 1551 3875 53
OFU02505-8 25 S |3975) 40 | 62 | 10 | 86 | 51 | 48 | 66 | M6 | Ix8 1724 4904 62
OFU02510-8 W0 [4762| 40 | 62 | 12 | 130 51 | 48 |66 | M6 | 1x8 | 2954 | 7295 67
OFU03205-8 1 __S_“_3;!75 50 |80 (12| 87 65~_§gw _? M6 | I8 1922 6343 74
OFU03210-8 0 [635| 50 |80 |12 145(65| 62| 9 M6 | ™8| 4805 12208 8z

Hinh 4.13: Théng sé dai éc bi do hing TBI Motion cung cdp

e Tinh chinh xé4c chiéu dai truc vit me: L = 465 (mm). Sai s6 dinh vi cho phép:
Ax <3 (um) = 0.003/1000 (mm)
e Kiém tra do gian n¢ do nhiét cua truc vit me, mirc diéu chinh nhiét 5 0.
- P 6n dinh do nhiét:
ALy = p.0.L = 12.107%.5.465 = 0.0297 (mm)
e Chon truc vit me ctia hang Tuli c6 thong s6 nhu sau:

. L d
|
8[— . )‘-\m 3
Fig 2.1.1 Screw Shaft Nominial Diameter
Table 211 Ground Bali Screw Specifications ©4-32

Model No. : Threading Direction | Number of | Standard Code of 5
2a | 1 Da Accuracy Grade R:RightL:Left | Grooves Shaft Type of Nut C
4 1 0.8 C7,C5, C3 R 1 SCRO0401 K
6 1 08 C7,C5 C3 R 1 SCROOBO1 K o
[ 08 C7.C5.C3 L [ SCRO0BOT 3 B
a | 2 12 C7.C5.¢3 RIL 1 SCRO0BOZ K @
25 | 12 C7.C5 C3 R 1 SCRODA2.5 K, BSH 3
B2 12 C7.C5.C3 RIL 1 SCRD1002 K, BSH =
B, J3 S €7 C5C3 R e SCRO1004 K, BSH
2 12 C7,C5.C3 RIL 1 SCROI202 K
4 25 C7,C5, C3 R 1 SCRO1204 U, BSH
2[5 25 €7.€5 €3 R 1 SCRO1205-A V, U, BSH H
5 25 C7.€5,C3 R 1 SCRO1205-B K
0 | 25 | C€rcse3 R =i ~ SCRO1210-B v
Soll_2 1.2 C7.C5,C3 RIL 1 SCROT402 K
4 25 €7.C5 €2 R 1 SCRO1404 85H
2 12 C7,C5 C3 RA. 1 SCROT602 K
4| 2381 CT.C5.C3 it 1 SCROT604(N) V.1, U, BSH
16 . ]
10 | 3178 C7.C5C3 RIL 2 SCRO1610 V. I, U, BSH
6 | 2778 | CRLCC3 R 2 SCROIGIE L
32 | 2778 C7,.C5 C3 R 2 SCRO1632 Y

Hinh 4.14: Théng s6 vit me bi do hdng TBI Motion cung cdp
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e Kiém tra 1am viéc so bd
- Tuoi tho lam viéc (L;):
+ L= (—2)%. 108 —

Fmy-fw 60N,
= (=22 y3 106, ——=45991 > 43800 (h)
| 187.04.1,2 60.800 q
- Toc do vong quay cho phép dé dam bao tudi tho:
— £ 107 — 16 7 —
+n = f. 2 107 = 21,9. et 107 = 16205 (v/p)
e Xac dinh tai trong té1 han (Fyp,).
- Puong kinh trong cua truc vit me: d; = 13.2 (mm) tra catalog do hing cung cip.
- Cap chinh xac tryc vit: IT4: E = 0.02 (mm)
- Luc tac dung Ién truc vit me:
2 4 2
L Fy = ALy.K, = ALgEmdy® _ 00297.1.2,1.10%132

4L 4.465
- Tai trong tinh t61 han cua truc vit me:

= 183,55 (kgf)

13,24
4652

4
+Fpy = m."’LLZ.lo3 = 20.3.22 103 = 2850,25 (kgf)

- Tacoé:[S] = % > [So]

2850.25
507.6

[S]= =5,61 > [Sy] =[2+4]

Véi [S,]: Hé sb an toan 6n dinh cho phép
e Thda méan diéu kién an toan.
e Chon dong co.
- Dua vao cac thong so tinh toan trén, chon dong co budc size 86 (mm) c6 ma san
pham 86HS156 c6 thong s6 nhu sau:
+ DPuong kinh truc: d = 14 (mm).
+ Momen xoan 16n nhat: M = 12(Nm) = 12000 (Nmm)
- Tur cac thong sb trén, ta tinh duoc cong suét dong co can thiét:

12000.1600
+ Py = Tos5.106 = 2,01 (kW)

- Tinh céc thong sb truyén dong tir dong co bude sang bd truyén vit me dai ¢ bi.
+ Chon hiéu suét bo truyén dai: 174,; = 0.96
+ Chon hiéu suét truyén dong ctia mot cap 0 lan: s 5, = 0.99
+ Ty sb truyén i = 0.96
e Tatinh dugc cong suat va momen xoan trén tryc vit nhu sau:
+ Cong suit trén truc vit:
Py = Pycd. Ngai-Ns an = 2,01.0,96.0,96.0,99 = 1,83 (kW)
+ Moment xodn trén truc vit me:
My, = Macd. Ngai- N 15n = 12.0,96.0,96.0,99 = 10,94 (Nm)
e Tinh toan b truyén dai ring.
* X4c dinh module va chiéu rong dai:
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Trong

+ Xéc dinh module theo cong thuc:
= 35.° 122 357 | 28 566
m =35 7= 35 17600 = 66 (mm)

+ P,;: Cong suit trén banh dai chu dong (kW)
+n,: S6 vong quay trén banh dai cha dong (v/p)
= Tri s6 cia m duge ldy theo tiéu chudn. Chon m = 3 (mm)

do:

’
i P |
|
~ = mhs TN
® :
— 2
Tk R
Modun | Budc dai Chiéu Chiéu Chiu Khodng cach 1l | Gée profin Ban kinh goc luon
cua dai p, mm day rang | cao rang | day dai day rang dén rang v, ° cla ring
m, mm nho nhi&t | h, mm H, mm dudng trung
S, mm - binh caa ldp R, Rz
chju 14i §, mm
1,0 314 1,0 08 1,6 04 50 0.2 0,2
1.5 471 1,5 1,2 22 04 50 03 03
2.0 6,28 1.8 1,5 3.0 0.6 50 0.4 0.4
3 9,42 3.2 2,0 40 0.6 40 0.5 05
R 12,57 E) 2,9 ARY U= 0 U TU
5 15,71 5.0 35 6,5 08 40 1,2 1,2
7 21,99 8,0 60 11,0 08 40 1,5 12
A0 31,42 12,0 9,0 15,0 0,8 40 2,0 15

Hinh 4.15: Bang tiéu chudn héa tri s6 module bé truyén dai rang

* Tinh chiéu rong dai:
+ Chiéu rong dai dugc xac dinh theo cong thirc:
b=1vy4sm=63=18 (mm)
= Chon chiéu rong dai: b = 20 (mm) theo bang kich thudc chidu rong dai dugc
tiéu chuan hoa.

Médun

cia dai Chiéu rdng dai rang b, mm

m, mm
1 3;4;5;8;10;125
1,5 3;4;5;8;10;125;16; 20
2 5;8;10;125; 16; 20

I 3 12,5; 16; 20 25|32 ; 40; 50 |

4 20;25;32,;40;560;63;80; 100
5 X - 26;32;40;50;63;80; 100
7 40;50;63;80;100; 126
10 50;63;80;100;125;160; 200

Hinh 4.16: Bing chiéu réng dai tiéu chudn hoa.
* Xac dinh céc thong s6 bo truyén.
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- Tinh s6 ring ctia banh dai va khoang céach truc:
+ Ta c6 budc dai: p = 9.42 (mm).
+ S6 rang cua banh dai ring cha dong: z, = 25 (ring).
= S6 rang ctia banh dai bi dong: z, = i.z, = 25.0,96 = 24 (ring)

Modun | S6 vong quay | z; khong nhé || Médun | S6 vong quay | z, khong nho
cua dai | banh dai nhd hon cia dai | banh dai nhd hon
m, mm n, vg/ph m, mm n, vg/ph
2 500 ... 3000 12 5 500 16
3500 ... 4500 14 1000 ... 1500 18
5000 ... 6800 16 2000 ... 3000 20
7000 ... 7500 | - 18 3500 ... 4000 22
3 | 500 .. 1000 12 6 500 20
1500 ... 2000 14 1000 22
2500 ... 3500 16 1500 24
4000 ... 5000 18 2000 26
4 500 12° ; 14 7 500 20
1000 14" ; 16 1000 22
1500 ... 2000 16° ; 18 1500 24
2500 ... 3500 18" ; 20 2000 26 ... 28
Chi thich : . D6t véi dai dung day kim logi.

Hinh 4.17: Bing s rang tiéu chudn

- Khoang cach truc co sé ctia bd truyén: @, < @ < Amay
+ Khoang céach tryc tdi tiéu:
Amin = 0,5m.(z; + z,) +2m
© Apin = 0,5.3.(25 + 24) + 2.3 = 79.5 (mm)
+ Khoang cach truc tdi da:
Amax = 2m.(z; + 2;)
© Apax = 2.3.(25 + 24) = 294 (mm)
= Khodang cach truc co s¢: 79,5 < a < 294
Vay, chon so bd chiéu dai truc co sé: a = 80 (mm)
- S rang dai: z4
2a z;+7z, (24 + 2)?
T p 2 40.a
2.80 25+24 (25+24)2 .
“9a2" 2z T a0s0 = ra3(rang)
= Chon z4z = 45(rang), chiéu dai dai [; = 423.9 (mm)
* Tinh chinh xac thong sd bo truyén.

- Xac dinh lai chinh xac khoang céch truc co so a.

tA= g - HATE o 4939 - 22D - 19311

+A= m(z; +2z,)/2= 3024 — 25)/2= -1,5
+ Chiéu dai truc co s& chinh xéc:

Zg
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a=(2+12 - 8A2) /4

o a= (19311 + \/193,112 — 8(—1,52))/4 = 96.54 (mm)
- Tinh duong kinh vong chia banh dai:
+ Pbuong kinh vong chia banh dai chu dong:
di = m.z; = 3.25 =75 (mm)
+ Duong kinh vong chia banh dai bi dong:
d, = m.z, =324 =72 (mm)
- Tinh duong kinh ngoai cua banh dai:
+ Khoang céch tir ddy rang dén dudng trung binh cua 16p chiu tai:
6 = 0.6 (mm)
+ Duong kinh ngoai cta banh dai chu dong:
dgg = m.zy — 2.6 =3.25 — 2.0,6 = 73,8 (mm)
+ Duong kinh ngoai ctiia banh dai bi dong:
dep = m.z, — 2.6 =3.24 — 2.0,6 = 70,8 (imm)
- Tinh gbéc 6m cua banh dai:
+ Goc Om cua banh dai chu dong:
a, = 180° — [m(z, — z,)/al].57,3°
o a; = 180° — [3(24 — 25)/96,54].57,3° = 181,79°
+ Goc 6m cua banh dai bi dong:
a, = 180° — [m(z; — z,)/a].57.3°
o a; = 180° — [3(25 — 24)/96,54].57,3° = 178,21°
- Tinh sb ring dong thoi an khop trén banh dai:
+ S6 rang dong thoi an khép trén banh dai nho:
Zy = (2,.2,)/360° = (24.178,21)/360° = 11,88 (rang)
+ Sb rang dong thoi an khép trén banh dai 16n:
z; = (z;.a4)/360° = (25.181.79)/360° = 12.62 (rang)
* Kiém nghiém dai vé lyc vong riéng
- Hé s6 tai trong dong: K4 = 1,1

- Khéi luong 1 mét dai ¢6 chiéu rong 1 mm: g,,, = 0.004 (kg/m, mm)
ndq.nq 1.75.1600

- Van tdc vong: v = = = 6,28(m/s)
60000 60000
Lu vong; F, = 2000 _ 20000 _ 354

- Hé s6 ké dén anh huong cia sb ring dong thoi an khép: C; = 1
- Hé s6 ké dén anh huong cua truyén dong ting toc: C, = 1
- Lyc vong riéng cho phép: [q,] = 10 (N)
- [q] = [q0]. Cy- C; = 10.1.1 = 10(N) ‘
- Luc vong riéng trén dai phai thdoa man diéu kién:
q = Fr.Ka/b + q.v* < [q]
& q =320.1,1/20 + 0,004.6,28% = 17,57(N /mm) > [q,] = 10(N)
Khong thoa man diéu kién. Chon lai chiéu rong dai b = 40 (mm)
- Lyc vong riéng trén dai:
q = 320.1,1/40 + 0,004.6,28% = 8,95(N/mm) < [q,] = 10(N)

55



— Thoa man diéu kién
* Xac dinh luc cang ban dau va lyuc tac dung 1én tryc.
- Lyc cang ban dau c6 thé tinh bang cong thic sau:
F,=(1,1+1,3)E, = (1,1 + 1,3).q,,,. b. v?
o F,=(1,1+1,3).0,004.40.6,28% = 6,94 + 8,20 (N)
- Lyc tac dung lén truc co thé tinh theo cong thirc sau:
E. = (1,0 +1,2)F, = (1,0 = 1,2).320 = 320 + 384 (N)
* Tinh c4c thong s cua banh dai ring:
- BPuong kinh dinh rang:
+ Banh chu dong: d;; = m.z; — 2.8 = 3.25 - 2.0,6 = 73,8 (mm)
+ Banh bi dong: d,, =m.z, — 2.6 = 3.24 — 2.0,6 = 70,8 (mm)
- Puong kinh day rang:
+ Banh chi dong: dfy = dg; — 1,8.m = 73,8 — 1,8.3 = 68,4(mm)
+ Banh chu dong: df, = d4, — 1,8.m = 70,8 — 1,8.3 = 65,4 (mm)
- BPuong kinh vong chia:
+ Banh chu dong: d; = m.z; = 3.25 =75 (imm)
+ Banh chu dong: d, = m.z, = 3.24 =72 (mm)
- Chiéu dai rang: B = b + m = 40 + 3 = 43(mm)
- Céc thong s6 cac cua banh dai duoc chon theo bang sau:

Ki Mo6odun m, mm '
Kich thudc cua préfin ranh hiéu '
; 1 1,6 2 3 4 5 7 10 .
Chiéu rong nho nhat cda rank, mm| s | 1,0 | 1,6 | 1,8 [[32] 40 | 48 | 75 [ 115 ]
Chiéu sau ranh, mm h 1,3 1,8 2,2 3,0 4.0 5,0 85 | 12,5 i
Géc profin ranh, do v | 50 | 50 | 50 || 40|l 40 | 40 | 40 | 40
B4an kinh gde lugn, mm r, 0,3 0,4 0,5 0,7 1,0 1,5 2,5 3,0
r, 0,3 0,4 0,5 1,0 1,3 2,0 3,0 3,5
i

Hinh 4.18: Cdc théng sé cia profin ranh

e Tinh chon then.
- Chon then bang dé truyén moment xodn cho bd truyén dong dé dam bao tinh
don gian trong két ciu, d& ché tao bao tri sira chira.
- Vé6i ché d6 1am viéc c6 va dap nhe. Chon vt lidu ché tao then 1a thép co cac
thong s6 co hoc nhu sau:

Dac tinh tai tron'g

Dang lap vat ligu mayo Tinh Va d4p nhe Va dap
[64], MPa, d6i v6i m6i ghép then
ﬂ C6 dinh Thép 150 100 50 |
Gang B0 %) o7
Di dong Thép 50 40 30

Hinh 4.19: Bing théng sé d¢ bén cua vt liéu lam then.
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- Chon kich thuéc vat lidu ché tao then thao bang tiéu chuan hoa sau:

/////// 7

N 1
V2277774 V7777

%
Theo TCVN ,2261-77 ; kich thuéc : mm
Dudng kinh Kich thudc tiét dién then Chiéu sfu ranh then Bén kinh goéc lugn cua ranh r
tryc d, mm
b h trén tryc 1 trén 16 nho nhit 16n nhét
6..8 2 2 1.2 1 0,08 0,16
> 8. 10 3 3 1.8 14
> 10,12 4 4 2.5 18
[>122717 s 5 3 2.3 0.16 025 |
T 22 L (] 3,5 o8
> 22.. 30 B 7 4 28
> 30.. 38 10 B 5 33 0.25 0,4
> 38.. 44 12 B 5 33
> 44, 50 14 9 55 38

Hinh 4.20: Tiéu chudn héa vé kich thuéc then

* Kiém nghiém diéu kién bén cat cia then.
- BPuong kinh truc:
+ Dong co: dg, = 14 (mm)
+ Vit me bi: d,,,, = 15(mm)
- Momen xoén trén truc:
+ Dong co: Mg, = 12 (Nm)
+ Vit me: M,,,,, = 10,94 (Nm)
- Ung suét dap cho phép: [o;] = 100 (MPa)
- Ung suét cat cho phép khi chiu tai trong va dap nhe:
[t.] =90.1/3 = 60 (MPa)
- Chiéu dai may o:
+ Banh dai chu dong: [,,; = 2.d4. = 2.14 = 28 (mm)
+ Banh dai bi dong: L, = 2.d,,,,, = 2.15 = 30 (mm)
- Chiéu dai then:
+ Banh dai chu dong: [;; = 0,9.1,,; = 0,9.28 = 25,2 (mm)
+ Banh dai bi dong: [, = 0,9.1,,,, = 0,9.30 = 27 (mm)
- Piéu kién bén dap cua then phai thoa man diéu kién sau:
+ Banh dai chu dong:
o1 = 2T1/[dy. lg1- (hy — t1)] < [04]
© 04, = 2.12000/[14.25,2. (5 — 3)] = 34,0136 (MPa) < [o4] = 100 (MPa)
= Théa mén diéu kién bén dap
+ Banh dai bi dong:
Oaz = 2T, /[d3. liz. (hy — t1)] < [04]
o 0y, = 2.10940/[14.27.(5 — 3)] = 28,941(MPa) < [o4] = 100(MPa)
= Thda mén diéu kién bén dép.
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- Piéu kién bén cit ctia then phai thoa man diéu kién sau:
+ Banh dai chu dong:
Tey = 2T1/(dy. 1y b) < [7]
© 1,4 = 2.12000/(14.25,2.5) = 13,605 (MPa) [t.] = 60 (MPa)
= Théa min diéu kién bén cét cua then.
+ Banh dai chu dong:
Tep = 2T2/(d3. li2- D) < [7(]
© 1,4 = 2.10940/(14.27.5) = 11,576 (MPa) [t.] = 60 (MPa)
= Thoa min diéu kién bén cét cua then.
e Tinh chon 6 lan
- Trong co cdu truyén dong truc X tai trong chu yéu tac dung 1én hé thdng ray
dan hudng, do d6 ma tai trong tac dung 1én co ciu vit me dai dc bi 12 khong déng
ké. Mat khac luc doc truc 1a yéu t6 duoc cha trong khi tinh chon b lan cta hé
thong tryc vit me dai dc bi.
- Tuy nhién, trong qua trinh hoat dong can yéu cau d6 rung thap, d6 6n dinh
chuyén dong, kha nang chiu lyc doc truc va ddm bdo sy €m ai trong qua trinh van
hanh cta hé théng. Vi vay, chon 6 bi d& 2 diy bi cta hing SKF.

© R o1s .- F A , ~ 2 g~ ~ o 2 1<
* Chon loai 6 lan: Véi F—a > 0,3 trén cac truc nén chon 6 dlia d& — chan d¢é lap
r

vao cac vi ti gbi dd.
* Chon cap chinh xac 6 1an: P61 véi hop giam toc, thuong chon cap chinh xac
ché tao 6 lan 1a 4, 6 dao hudng tdm 1a 3 (um).

Cdp chinh xédc 0 6 5 4 2
D6 dao hudng tam, um 20 10 5 3 2,5
Gia thanh tuong déi 1 1,3 2 4 10

Hinh 4.21: Cap chinh xdc ctia 6 lin

* Chon kich thudc 6: Théng nhat thiét ké, chon 6 bi d& 1ong cau 2 day dé lap vao
cic gbi d3. Chon 6 bi c6 tén chi dinh 3302 ATN9 cua hing SKF (Svenska
Kullagerfabriken - Thuy Dién) c6 cac théng sé chinh duoc hing cung cip nhu sau:
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Principal dimensions Basic load ratings  Fatigue Speed ratings Mass Designations
4 O ferar s "

dynamic static load limit ¢ Lmitng Bearng with
speed spead melal tage oolyarmede Cage

[ B
m kN k min
10 30 L 7,61 43 0,183 26 0C0 24 000 2051 - » 3200 ATNS
12 3¢ 59 101 5.6 0,24 24 000 22000 0,058 - * 3201 ATNS
15 3 15,9 112 68 0 285 22 0O( 18 00 2065 - » 3202 ATNS

4 19 151 X] U4 138 0G0 16 000 213 - v 3302 ATh?]
17 14,3 88 0,365 19 00( 16 00 056 - v 3203 ATNG

47 22.2 216 127 0.54 17 0C0 14 000 018 = 3303 ATNG

Hinh 4.22. Théng s6 6 ldn do hing SKF cung cap.

- Tudi tho 6 bi:
L =60.10%n.L, = 60.107°.1600.43800 = 420,8 (Triéu vong)
- Q: tai trong dong cua 6 lan.
Q = (XVF, + YF,)KK4
- Q,: Tai trong tinh cta 6 lin
. Qi = X, Fr + Yo F,
* Tinh phan luc 6 1an tac dung 1én truc.
- Ta co: m = Mpap may + Mppsi = 58.23 (kgf)
- Luc doc truc trung binh: E,,,, = 507,6(N)
- Xét truong hop ban méy chay vé phia 6 bi B. Ta ¢6 luc tac dung 1én 2 6 A, B:
R, =Rz =m.g/2 =58,23.10/2 = 291,15 (N)

- Noi lwe doc cua 6 bi: Fy; = e.R; = 1,14.291,5 = 332,31 (N)
- Luc doc truc tac dung 1én cac 6 bi:

+V6i6 A: XF, = Foy + E,q/2 = 331,31 + 507,06/2 = 584,84 (N)

+V0i 6 B: XFg = Fyp + Fpq/2 = —331,31 + 507,06/2 = —77,78 (N)

= Chon F,,,,,, = max(ZF,, ZFg) = 584,84 (N)

- Kiém tra:

+ famax _ 38%8% _ 5 506 > 1,14
V.Rg 291,5

+ K, 1a hé sb nhiét d6,vai nhiét d6 < 105°C, K, = 1

+ K4 1a hé sb tai trong. Ché d6 lam viéc va dap nhe, qua tai ngén han, va
td1 125% so vai tai trong may. Chon K4 = 1,2

+ Chon X, = 1,Y, = 0,56

+ Heé s6 ké dén vong nao quay. Vong trong quay V = 1

+ Chon X = 0,57,Y = 0,93 tur bang sau:
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g Single, DT DB or DF
C;\’I‘]“?:‘ ggi e [ FudFise | FudFise | FalFo= Fo/F>e
Q or X Y X ¥ X Y X Y
0.178 | 0.38 1 0 0.44 | 1.47 1 1.65 | 0.72 | 2.39
0.357 | 0.40 1 0 0.44 | 1.40 1 1.57 | 0.72 | 2.28
0.714 | 0.43 1 0 0.44 | 1.30 1 1.46 | 0.72 | 2.11
15° 1.07 | 0.46 1 0 0.44 | 1.23 1 1.38 | 0.72 | 2.00
1.43 | 0.47 1 0 0.44 | 1.19 1 1.34 | 0.72 | 1.93
2.14 | 0.50 1 0 044 | 1.12 1 1.26 | 0.72 | 1.82
357 | 0.65 1 0 0.44 | 1.02 1 1.14 | 0.72 | 1.66
5.35 | 0.56 1 0 0.44 | 1.00 1 1:12: 1 0:72 | 1.63
25° — | 0.68 1 0 0.41 | 0.87 1 0.92 | 0.67 | 1.41
30° — | 0.80 1 0 0.39 | 0.76 1 0.78 | 0.63 | 1.24
40° — [ 1.14 1 0 0.35 | 0.57 1 0.55 1 0.57 | 0.93 |
Hinh 4.23: Tri s6 hé so tdi trong X, Y va tri s6 thuec nghiém e
- Tinh tai trong dong:
= (0,57.1.291,15 + 0,93.584,84).1.1,2 = 581,82 (N)
- Tinh tai trong tinh:
Qo = 291,15+ 0,56.584,84 = 618,66 (N)
- Khé nang tai dong:

C = Q."VL = 581,82.3/420,8 = 4359,94(N) = 4,359(kN) < [C] = 15,1(kN)
= Thoa man diéu kién tai dong.
- Khé néng tai tinh:
Co = Qo. VL = 618,66.3/420,8 = 4636(N) = 4,636(kN) < [C,] = 9.3(kN)
= Théa man diéu kién tai tinh.
e Chon gbi dd.
-Chon 2 gbi d& ¢ mﬁ san phdm SY 15 TF cua hing SKF théa man diéu kién tai
dong, tai tinh ¢ cac thong sé nhu sau:

SYISEN 15 32 302 5 w 127 5% a7 50

l SYISTF 15 3¢ 302 57 W 127 335 a7 §50 ]

Hinh 4.24: Théng s6 goi do do hang SKF ciing cdp.

4.2.1.3. Tinh toan hé din dong ban may truc Y.
- Khéi luong 16n nhét cua chi tiét: M = 25 (kg)
- Khoi lugng ban méay: Mgy, may = 33.22 (kg) [73.238 Ib]
- Khéi luong ban ga truc Y: Mpgy = 15.54(kg) [34.268 1b]
- Van tdc 16n nhét khi gia cong: Ve max = 4 (m/ph)
- Van tdc chay 16n nhat khi khong gia cong: Venay max = 7.5 (m/ph)
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- Thoi gian hoat dong 15 ndm: 43800 gio.
- Hé sb ma sat tron bé mat: u = 0.005
- Viing hoat dong 16n nhat: L4, = 300 (mm)
- Gia toc 16n nhat cua hé théng: a = 0.3g =3 (m/s?)
- Khéi luong 16n nhét cua chi tiét: M = 25 (kg)
- Khéi luong ban may: Mpy, may = 33.22 (kg) [73.238 Ib]
- Khéi luong ban ga truc Y: Mpgy = 15.54(kg) [34.268 1b]
- Van tdc 16n nhét khi gia cong: Ve max = 4 (m/ph)
- Van tdc chay 16n nhat khi khong gia cong: Vehay max = 7.5 (m/ph)
- Tinh toan thong sb ché do cat thu nghiém:
+ Téc d6 quay truc chinh: n = 1379.34 (v/ph)
+ Téc d6 quay ctia dong co budce truc y: n,,,, = 1600 (v/ph)
+ Luong chay dao phut: v = 2758.68 (mm/ph)
+ Bé rong 16p cat: ae = 63 (mm)
+ Goc cit chinh: Ky= 15°
+ Heé sb luc cit (Specific Cutting Force) Ke: Ke = 1600
+ Cong suét cat: + Tiéu chuan qudc gia: TCVN 1766-75
+ Vat li¢u: thép C45
+ Van tdc: v = 260 m/ph
+ Chiéu su cit: ap = 0.5 (mm)
+ Bé rong 16p cat: ae = 63 (mm)
+ Luong chay dao rang: fz = 0.4 (mm/rang)
+ Cong suit cat: Pc = 2.36 (Kw)
+ Momen cuc dai khi cit: Mc = 16.34 (Nm)
+ Luc cat chinh: Fm = 518 (N) = 51.8 (kG)
-M = Mpanmasy + Mpey + M + Macx + Mymx + Moix + Maaix
o m=25+33,23+1554+ 42+ 1,81+ 0,26+ 0,5 = 80,54 (kgf)
- Chon budc vit me: 1 =5 (mm) => tx =5 (mm)
- Goi s6 budc cua dong co 1a z. chon z = 200 (budc)
=> Géc quay 0 = 2 H (2) véi H = = = 0.25 (budc)
- Thay (2) vao (1) ta duge: x = = H
- Ta c¢6 d6 chinh xac dich chuyén theo truc y: Ay = 3 (um)
* Tinh chon ty s6 truyén cta b truyén dai:
- V61 bd truyén dai trung gian giira dong co va truc vit, ta ¢6 lugng dich chuyén ban
i = = 2
+ Véitx =5 (mm), H=0.125, z = 200, ta tinh dugc s6 budc dong co:
X *Z 0.003 = 200

- _ — 04
! H * tx 0.25 %5 0,48

may theo truc x: x =
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- Ta ¢ so d6 dong truc Y.

STT TEN GOI
1 0 do
2 Vit me bi
3 Pai 6c¢ bi
4 Ray trugt
= * F 5 B{ truyén dai
< 6 Déng co
WM" 5 Ban gatrc X
v L 6 Ban may
e
1 2 7 8 3 4 5 6

Hinh 4.25: So do dong truc Y

* Piéu kién lam viéc va cac thong phai tinh toan.
- Lyc chdng trugt (ma sat ctia 6 bi lan):
F, = u.m.10 = 0,005.80,54.10 = 4,027 (N)
- Céc thong s6 tinh chon gom:
+ Vit me, dai oc bi
+ Dong co
+ B0 truyén dai
+0 lan
+ Then
a) Tinh chon bd truyén vit me-dai dc bi.
e Tinh toan cac luc doc truc:
- Tang toc (Nguoc chiéu duong duoc quy udce trén so do):
Fo1 = ppi*(mg + Fp,) + ma + f
< F;; =0,1.(80,54.10 + 259) + 80,54.3 + 4,027 = 352,087 (N)
- Chay déu (Nguoc chiéu duong):
Foo = ppi*(mg + Fpz) + f
& F,y =0,1.(80,54.10 +259) + 4,027 = 110,467 (N)
- Gia cong (Theo chiéu duong quy udc):
Fos = Fp + upi*(mg + Fpp) + f
< F;3 = 518+ 0,1.(80,54.10 + 259) + 4,027 = 628,467 (N)
- Giam téc (Theo chiéu duong quy udc):
Foo = ppi*(mg + Fp,) —ma + f
& Fyy =0,1.(80,54.10 + 259) — 80,54.3 +4,027 = —131,153 (N)
=> Luyc doc truc trung binh:
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F _ 3 ZFig-ni-ti — 3 Fimax-Nlmax'Tl + F%max'NZmax-TZ
mr Z ni- ti Nlmax' T1 + NZmax- TZ

Trong do:
+ Fimax » Famax: Luc doc truc 16n nhét khi khong gia cong va khi gia cong

+Nymar» Nomay: SO vOong quay 16n nhat khi khong gia cong va khi gia cong
+ T, T,: Thoi gian may hoat dong & ché d6 khong tai va co tai

Bang 4.2: Luc doc truc twong ing:

Lwe doc truc (N) S6 vong quay (v/p) Ty lé thoi gian (%)
Fymax = 352,087 Nimax = 1600 T, = 30
Fomax = 628,467 Noymayx = 853.3 T, = 70

= 539,554 (N)

E =
mx 1600x0.3 + 853.3x0.7

3\/352,0873x1600x0.3 +628,4673x853.3x0.7

e Chuy: Trong phﬁn tinh luc doc truc trung binh ta léy Fi ¢ 2 truong hop khi khong
gia cong va gia cong. Vi ty 1€ thoi gian 1a 25% va 75% xét trong giai doan 6n dinh cua
may nén Ni 1a nhu nhau tai cic thoi diém

e Tinh toan tai trong (C,, C,).

- Téi trong tinh:

+ Cac cong thirc tuong Ung:

C, = fs-Famax

Trong do:
C,: Tai trong tinh.
fs - H¢ s6 bén tinh, véi may congcu f; = 1,5 — 3. Chon f; = 2.5
F,may : Luc doc truc 16n nhét tac dung 18n vit me.
& C, = 2.628,467 = 1256,93 (N)

- Téai trong dong:
+ Vil =5 mm => Van tdc quay danh nghia la:
Vi _ 4000
N, = — = — = 800 (v/p)

l 5
o (C, = (60 * Ny = Lt)1/3 * Fng * fw* 1072
< C, = (60 * 800 * 43800)Y/3 %5511 * 1.2 * 1072 = 847,19 (kgf)
e Chon kiéu bi cho dai dc bi.
- Lya chon bi cho dai 6c bi vu tién do cing, 6 chinh xéac, van hanh ém 4i va d6 hao
phi chuyén dong thap, theo d6 cac thong s6 vé loai bi dugc chon 1a:
+ O bj loai Ivu chuyén: bi bén ngoai
+ Kiéu: OFU/DFU
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+ Dong bi Iuu chuyén: Bx2 hodc Bx3
e Chon céc thong sb truc vit.
- Chon chiéu dai tryc vit (L) = chiéu dai hanh trinh 1am viéc + (chiéu dai dai ¢ bi,
6 bi )/2 + chiéu dai ving thoat
+ L =200 + (75+34)/2+110 = 364.5 (mm)
- Ché d6 1ap 6 d& 2 dau 1a lap chat => f=21.9
- Chon tdc @6 quay cho dong co khoang 80 % so vdi téc d6 quay gidi han nén ta co:
+n = 80%.Nmax = 80% * 1600 = 1280 (v/p)
Ban kinh truc vit:

tdr = 413Fa _ 413539554 _ 1,56 (mm) => d > 3.12 (mm)
\} m.[ok] \} m.364

Trong do:
+ Luc doc truc Fa = 539,5 (N)
+ Do bén kéo cua vat lidu 1am truc vit ( thép CrWMn):
[ox] = 364 (Mpa)

e Chon vit me:
Thong s co ban cia truc vit me:
+ Puong kinh: d = 3.1 (mm)
+ Tai trong tinh: C, = 1256.93 (kgf)
+ Téi trong dong: C, = 847,19 (kgf)
e Chon dai c bi cua hang TBI Motion loai GENERAL HEAVY NUTS OFU cé
thong s6 nhu sau:
e Tinh chinh x4c chiéu dai tryc vit me: L = 365 (mm). Sai s dinh vi cho phép:
Ax < 3 (um) = 0.003/1000 (mm)
e Kiém tra 1am viéc so bd
- Tudi tho 1am viéc (L,):

L= (—2)3. 108 —

Fmy-fw 60N,
. 1380 .3 6 1
o (91,57.1,2) . 10 '60.800 41266 (h)

- Téc d6 vong quay cho phép dé dam bao tudi tho:
tn o= £.9.107 = 21,9.-2.107 = 26301 (v/p)

1
3652
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OFU/DFU (DIN 69051 FORM B) Series Specifications

Q (Qil hole)
________ WEE
C
5
! -
4
Unit : mm :
Dimension Load Rating X
ModelNo. | @ | 1 | P8 o TA T8 L [W[ H]X] Q][ n|Cakeh |Con(kgh|kgtium
OFU01605-8 | 160 S 3375 48 | 10175 | 140 |SSIMEBIIx8) 1380 | 3052 |
OFU02005-8 | 20 | 5 [3175| 36 |58 | 10 | a5 [ 47 [ 44 [66 M6 |ma| 1551 | 2875 53
OFU02505-8 5 (3975 40 [62 [ 10 | 86 | 51| 48 |66 | M6 | 1@ | 1724 | 4904 62
OFU02510-8 2 W0 |4762| 40 (62 | 12 | 130 | 51 [ 48 |66 (M6 | 8| 2954 | 7295 67
RN k> A0 0.1 80 1 12 1EL | 05 LEE 1YL MG I ) 192 ] 6D |78
OFU03210-8 0 | 635| 50 |80 |12 |145(65 (62| 9 |M6| ™8| 4805 12208 8z
Hinh 4.26: Théng so dai 6c bi do hang TBI Motion cung cdp
e Chon tryc vit me ctia hang Tuli c6 thong s6 nhu sau:
2 12 7,05 C3 RL 1 SCR01202 K
4 2.5 7,05 Q3 R 1 SCRO1204 U, BSH
12 5 2.5 C7,C5,C3 R 1 SCRO1205-A V, U, BSH, H
5 2.5 C7,C5C3 R 1 SCR01205-B K
10 2.5 C7,C5,C3 R 2 SCRO1210-8 v
" 2 12 C7,C5,C3 RIL 1 SCRO1402 K
4 25 C7,C5,C3 R 1 SCRO1404 BSH
2 1.2 €7, C5,C3 RIL 1 SCRO1602 K
B 2.381 C7,C5 Q3 R 1 SCRO1604(N) V.|, U, BSH
6 R/L 1 SCROGOS | V.1 U, BSH
10 | 3.175 C7,C5,C3 RIL 2 SCRO1610 V. |, U, BSH
1 | 2778 7,05 C3 R 2 SCRO1616 Y
32 | 2778 C7,C5C3 R 2 SCRO1632 Y

Hinh 4.27: Théng sé vit me bi do hiing TBI Motion cung cdp

e Kiém tra do gian n¢ do nhiét cia truc vit me, mirc diéu chinh nhiét 5 °0).
- D¢ 6n dinh do nhiét:
ALy = p.0.L = 12.107%.5.365 = 0.0219 (mm)
e Xac dinh tai trong téi han (Fyp,).
- Puong kinh trong cua truc vit me: d; = 13,2 (mm) tra catalog do hing cung cip.

- Cép chinh xac tryc vit: IT4: E

- Lyc tac dung lén tryc vit me:

+F9 == ALQ.KS ==

ALg.E.m.d,?

0.02 (mm)

_0,0297.7.2,1.10%.13,22

4L

4.365

- Tinh tai trong t&i han cia truc vit me:
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13,24
3652

4
Fy = m.25.10° = 20,3,

- Taco: [S] = % > [So]

103 = 4626 (kgf)

4626 _
[S] = G335 8,67 > [SO] = [2 —4]

= Truyc vit me dam bao an toan. Vi [S,]: Hé sb an toan 6n dinh cho phép
e Chon dong co.
- Dua vao cac thong s6 tinh toan trén, chon dong co budc size 86 (mm) c6 ma san
pham 86HS156 c6 thong sé nhu sau:

+ Puong kinh truc: d = 14 (mm).

+ Momen xoan 16n nhat: M = 12(Nm) = 12000 (Nmm)
- Tir cac thong sb trén, ta tinh dugc cong sudt dong co can thiét:

12000.1600

+ P = EYTRT 2,01 (kW)

- Tinh céc thong s6 truyén dong tir dong co bude sang bo truyén vit me dai ¢ bi.
+ Chon hiéu suét bd truyén dai: 14,; = 0.96
+ Chon hiéu suét truyén dong ctia mot cip 0 lan: s 5, = 0.99
+ Ty sb truyén i = 0.96
e Ta tinh dugc cong sudt vi momen xo4n trén tryc vit nhu sau:
+ Cong suét trén tryc vit:
P, = Pacd. Ngai-Ns sn = 2,01.0,96.0,96.0,99 = 1,83 (kW)
+ Moment xoan trén truc vit me:
My, = Mgcd. Nggi-Ns iz = 12.0,48.0,96.0,99 = 5,47 (Nm)
e Tinh toan b truyén dai rang.
* X4c dinh module va chiéu rong dai:
+ Xac dinh module theo cong thirc:

B e T
m = 35. w3 Te00 = (mm)
Trong do:

+ P,: Cong suit trén banh dai cha dong (kW)
+n,: S6 vong quay trén banh dai chi dong (v/p)
= Tri s6 ctia m dugc 14y theo tiéu chuan. Chon m = 3 (mm)
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P A SO
::”c: :?5‘.:;-::’:
T S AN S

Modun | Budc dai | Chidu Chiéu | Chidu | Khodng cich 1il | Goc profin | Ban kinh goe luon

cua dai p, mm | day rang | cao ring | day dai day ring dén rang v, ° cla ring
m, mm nho nhét | h, mm H, mm duong trung
S, mm : binh cua Idp Ry Rz
chju 14 4, mm
1,0 314 1,0 08 1,6 04 50 0.2 0,2
1.5 471 1,5 1,2 22 04 50 03 03
2,0 6,28 1.8 1,5 __ 30 0.6 50 0.4 04
3 9,42 32 2,0 4,0 0.6 40 0,5 05
! 1257 T 50 5.0 ' UE U o TU
5 15,71 5,0 35 6,5 08 - 40 1,2 12
7 21,99 8,0 6.0 11,0 08 40 1.5 12
10 31,42 12,0 920 ° 15,0 08 40 2,0 15

Hinh 4.28: Bing tiéu chudn héa tri s6 module bé truyén dai rang

* Tinh chiéu rong dai:
+ Chiéu rong dai dugc xac dinh theo cong thirc:
b=1vz;m=6.3 =18 (mm)
= Chon chiéu rong dai: b = 20 (mm) theo bang kich thudc chiéu rong dai duoc
tiéu chuan hoa.

Médun

cia dai Chiéu rdng dai rang b, mm

m, mm
1 3;4;5;8;10;125
1,5 3;4;5;8;10;125;16; 20
2 5;8;10;125; 16; 20

( 3 12,5;16;20’25'32-.40;50'

4 20;25;32;40;560;63;80; 100
5 - 26;32;40;60;63;80; 100
g 40;50;63;80;100; 126
10 50;63;80;100;125;160; 200

Hinh 4.29: Bing chiéu réng dai tiéu chudn héa.
* Xac dinh céc thong sb b truyén.
- Tinh s6 ring ciia banh dai va khoang cach truc:
+ Ta c6 budc dai: p = 9.42 (mm).
+ S6 rang cua banh dai ring cha dong: z, = 35 (ring).
- S6 rang cua banh dai bi dong: z, = i.z, = 35.0,48 = 16,8 (ring)
- Chon sb rang z, = 17 (ring)
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Médun | S6 vdng quay | z; khéng nhé || Médun | S6 vdng quay | z, khong nhé
cua dai banh dai nho hon cua dai banh dai nhod hon
m, mm n, vg/ph m, mm n, vg/ph
2 500 ... 3000 12 5 500 16
3500 ... 4500 14 1000 ... 1500 18
5000 ... 6800 16 2000 ... 3000 20
7000 ... 7500 18 3500 ... 4000 22
3 | 500 ... 1000 12 6 500 20
1500 ... 2000 14 1000 22
2500 ... 3500 16 1500 24
4000 ... 5000 18 2000 26
4 500 12° ;14 7 500 20
1000 14° ; 16 1000 22
1500 ... 2000 16* ; 18 1500 24
2500 ... 3500 18" ; 20 2000 26 ... 28
Chi thich : . D6i véi dai dung day kim loai.

Hinh 4.30: Bing so rang tiéu chudn

- Khoang cach truc co s& ctia bo truyén: @, < @ < Aoy
+ Khoang cach truc tdi ticu:
Amin = 0,5m. (2, + 2,) +2m
© apin = 0,5.3.(35+17) + 2.3 = 84 (mm)
+ Khoang cach tryc tdi da:
Amax = 2m. (21 + 73)
© Apax = 2.3.(35+17) = 312 (mm)
= Khodang cach truc co s6: 84 < a < 312
Vay, chon so bd chiéu dai truc co sé: a = 90 (mm)
- S rang dai: z4

2a z1+z, (z1+2)°
A=t T Y T a0
290 35+17 (35+17)2 .
9.42 + > + 20,90 = 45,85 (rang)
= Chon z4 = 45(ring), chiéu dai dai [y = 423,9 (mm)

* Tinh chinh xac thong sd bo truyén.

- Xéc dinh lai chinh xac khoang céach truc co s¢ a.

+]= ld . p.(212+zz) _ 423,9 . 9,42.(325+17) — 179

+A= m(z, — z)/2 = 3(17 — 35)/2 = =27
+ Chiéu dai truc co s& chinh xac:

a=(1+ 7 — 88%) /4

oa= (179 ++/1792 — 8(=272))/4 = 93,4 (mm)
- Tinh duong kinh vong chia banh dai:
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+ Puong kinh vong chia banh dai chu dong:
d, = m.z; = 3.35 =105 (mm)
+ Puong kinh vong chia banh dai bi dong:
d, = m.z, = 3.17 = 51 (mm)
- Tinh duong kinh ngoai cia banh dai:
+ Khoang cach tir day rang dén duong trung binh cta 16p chiu tai:
6 = 0.6 (mm)
+ Pbuong kinh ngoai cua banh dai chu dong:
dsi = m.z; — 2.6 =335 — 2.0,6 =103,8 (mm)
+ Duong kinh ngoai cua banh dai bi dong:
dpp = m.z,— 2.6 =3.17 — 2.0,6 = 49,8 (mm)
- Tinh goéc 6m cua banh dai:
+ Goc 6m cua banh dai chu dong:
a, = 180° — [m(z, — z,)/a].57,3°
& a, = 180°—[3(17 — 35)/93,4].57,3° = 213,1°
+ Goc 6m cua banh dai bi dong:
a, = 180° — [m(z; — z,)/a].57.3°
o a; = 180°—[3(35—17)/96,54].57,3° = 146,9°
- Tinh s6 rang dong thoi dn khép trén banh dai:
+ Sb rang dong thoi an khép trén banh dai nho:
Zy = (2,.a,)/360° = (17.146,9)/360° = 6,9 (rang)
+ S6 rang dong thoi an khép trén banh dai 16n:
z; = (z;.a4)/360° = (35.213,1) /360° = 20,7 (rang)
* Kiém nghiém dai vé luc vong riéng
- Hé s6 tai trong dong: Ky = 1,1
- Khéi luong 1 mét dai c6 chiéu rong 1 mm: g,, = 0.004 (kg/m, mm)
wdi.nq 1.105.1600

- Vén toc vong: v = 000 = coso0 = 8,8(m/s)

P1.1000 _ 2,01.1000 _ 228,4 (N)

- Hé s6 ké dén anh huong cua sb ring dong thoi an khép: €, = 1
- Hé s6 ké dén anh huong cua truyén dong tiang toc: C, = 1
- Luc vong riéng cho phép: [q,] = 10 (N)
-lq] = [q0].C,.C; = 10.1.1 = 10(N) ‘
- Luc vong riéng trén dai phai thoa man di€u kién:
q = F..Kq/b + qnm-v* < [q]
o q =228,4.1,1/25 + 0,004.8,8% = 12,8(N/mm) > [q,] = 10(N)
Khong théa man diéu kién. Chon lai chiéu rong dai b =25 (mm)
- Luc vong riéng trén dai:
q = 320.1,1/25 + 0,004.6,28% = 10(N/mm) = [q,] = 10(N)
— Théa min diéu kién
* Xéc dinh luc cang ban dau va luc tac dung 1én tryc.
- Lyc cang ban dau c6 thé tinh bang cong thirc sau:
F,=(1,1+1,3)E, = (1,1 + 1,3).q,,,. b. v*
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o F,=(1,1+1,3).0,004.25.8,82 = 8,51 + 10,06(N)
- Lyc tac dung Ién truc c6 thé tinh theo cong thurc sau:
E.=(1,0+12)F, =(1,0+1,2).228,4 = 2284 +~ 274,1 (N)
* Tinh cac thong s ctia banh dai ring:
- Buong kinh dinh rang:
+ Banh chu dong: d,y = m.z; — 2.6 = 3.35—2.0,6 = 103,8 (mm)
+ Banh bi dong: d,, =m.z, — 2.6 = 3.17 — 2.0,6 = 49,8 (mm)
- BPuong kinh day rang:
+ Banh chu dong: dfy = dg; — 1,8.m = 103,8 — 1,8.3 = 98,4(mm)
+ Banh chu dong: df, = d4, — 1,8.m = 49,8 — 1,8.3 = 44,4 (mm)
- Buong kinh vong chia:
+ Banh chu dong: d; = m.z; = 3.35 = 105 (imm)
+ Banh chu dong: d, = m.z, = 3.17 = 51 (mm)
- Chiéu dai rang: B = b + m = 25 + 3 = 28(mm)
- Céc thong s6 cac cuia banh dai dugc chon theo bang sau:

Ki Modun m, mm ‘
Kich thuéc cia profin ranh hi - T ‘ |
| Bul 3 -1 16| 2 3[4|5|7 10 |
| |
Chidu rong nho nbét coa rink, mm| s | 1,0 [ 15 | 1.8 [|32] 40 | 48 | 75 | 116 |
Chiéu sau ranh, mm h|18|18]22]830]| 40/ 50 | 85 125 |
Gée profin ranh, o v | 50 | 50 | 50 || 40 | 40 | 40 | 40 | 40 |
Bén kinh gde luon, mm r 03|04 | 05 || 07 1,0 \ 1,6 | 26 | 3,0
r, | 03| 04|05 10] 1,3]20|30]35
Lty

Hinh 4.31: Céc théng sé cua profin ranh

e Tinh chon then.

- Chon then bang dé truyén moment xoan cho b truyén dong dé dam béo tinh don
gian trong két cau, dé ché tao bao tri sira chira.

- Vi ché do 1am viéc ¢o va dap nhe. Chon vat li¢u ché tao then 1a thép c6 cac thong
sb co hoc nhu sau:

Déc tinh tai tmn.g

Dang lép Vat ligu mayo Tinh Va dép nhe Va dap
[0,), MPa, d6i v6i m6i ghép then
I C6 dinh Thép 150 100 | 50
Gang 80 5 PAd
Di dong Thép 50 40 30

Hinh 4.32: Bing théng sé d¢ bén cua vt liéu lam then.

- Chon kich thuéc vat liéu ché tao then thao bang tiéu chuin hoa sau:
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7, A AT
0

\ 1
A 1 > T
’/’///A T .-v-y;-/‘-;/«_//i/_
(LTI VT AT/ s //,// LI

Theo TCVN ,2261-77 ; kich thuéc : mm

Duodng kinh Kich thudc tiét dién then Chiéuy sau ranh then Bén kinh goc luon cia ranh r
tryc d, mm
b h trén tryc 1 trén 16 2 nhé nhit 16n nhat
6..8 2 2 1.2 1 0,08 0,16
> 8.. 10 3 3 1.8 1.4
> 1012 4 4 2.5 18
[>122717 s 5 3 2.3 0.16 02s |
P § frear v 2 5 3 35 -8
> 22.. 30 B 7 4 28
> 30.. 38 10 B 5 33 0.25 0,4
> 38.. 44 12 B8 5 33
> 44, 50 14 9 55 38

Hinh 4.33: Tiéu chudn héa vé kich thuée then

* Kiém nghiém diéu kién bén cit cua then.
- Buong kinh truc:
+ Dong co: dg, = 14 (mm)
+ Vit me bi: d,,,,, = 15(mm)
- Momen xo0&n trén truc:
+ Bong co: Mg, = 12 (Nm)
+ Vit me: M,,,, = 10,94 (Nm)
- Ung suét dap cho phép: [o;] = 100 (MPa)
- Ung suét cat cho phép khi chiu tai trong va dap nhe:
[t:] =90.1/3 = 60 (MPa)
- Chiéu dai may o:
+ Banh dai chu dong: l,,; = 2.dg. = 2.14 = 28 (mm)
+ Banh dai bi dong: L, = 2.d,,,,, = 2.15 = 30 (mm)
- Chiéu dai then:
+ Banh dai chu dong: [;; = 0,9.1,,; = 0,9.28 = 25,2 (mm)
+ Banh dai bi dong: l;, = 0,9.1,,, = 0,9.30 = 27 (mm)
- biéu kién bén dap cua then phai thoa man diéu kién sau:
+ Banh dai chu dong:
o1 = 2T1/[dy. lp1. (g — t4)] < [04]
© 049 = 2.12000/[14.25,2.(5 — 3)] = 34,0136 (MPa) < [o,4] = 100 (MPa)
= Thoa mén diéu kién bén dap
+ Banh dai bi dong:
Ogz = 2T, /[d3. lz. (hy — t1)] < [04]
o 0y, = 2.10940/[14.27. (5 — 3)] = 28,941(MPa) < [o4] = 100(MPa)
= Thoa man di€u ki¢n bén dap.
- Piéu kién bén cat ctia then phai thoa man diéu kién sau:
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+ Banh dai chu dong:
Ter = 2T1/(dy. g b) < [7]
© 1, = 2.12000/(14.25,2.5) = 13,605 (MPa) [t.] = 60 (MPa)
= Thoa min diéu kién bén cét cua then.
+ Banh dai chu dong:
Tep = 2T3/(dy- U2 b) < [7¢]
© 1,4 = 2.10940/(14.27.5) = 11,576 (MPa) [t.] = 60 (MPa)
= Thoa min diéu kién bén cét cua then.
e Tinh chon b lan

- A1 . F A , A 2 4~ ~ o 2 14 \
* Chon loai 0 lan: Voi F—a > 0,3 trén cac truc nén chon 6 diia d& — chan dé lap vao
r
cac vi ti goi do.
* Chon cap chinh xac 6 lan: D61 véi hop giam toc, thuong chon cap chinh xac ché
tao 0 lan l1a 4, d¢ ddo hudng tdm 1a 3 (um).

Cédp chinh xédc 0 6 5 4 2
D6 dao hudng tam, um 20 10 5 3 2,5
Gia thanh tuong d6i 1 1,3 2 4 10

Hinh 4.34: Cap chinh xdc ciia é lan

* Chon kich thudc 6: Thong nhét thiét ké, chon 6 bi d& long cau 2 diy dé lap vao
cic gbi d&. Chon 6 bi c6 tén chi dinh 3302 ATN9 cua hing SKF (Svenska
Kullagerfabriken - Thuy Dién) c6 cac thong s6 chinh duoc hing cung cip nhu sau:

Principal dimensions Basic load ratings Fatiguse Speed ratings Mass Designations
dynamec  skat load Limit Referance Limiting Beanng with
wpoed speed metal cage polvamide cag
o
10 i ( 24 00 1,051 - » 3200 ATNS
12 00 2200 1,058 - » 3201 ATNSG
15 3 159 1 5.8 L 2f 22.00( 18 00 0066 = » 3202 ATNY
12 1% 15.1 9.3 D4 13 000 16 0OC 013 - » 3302 ATNG]
17 A 17.5 143 as ), 365 9 000 16 (K 0,094 - » 3203ATNS
4 r 21t 12.7 0,54 7000 14 000 0,18 - 3303ATNG

Hinh 4.35. Théong s6 6 lan do hang SKF cung cap.

- Tubi tho 6 bi:
L =60.10%n.L, = 60.107%.1600.43800 = 420,8 (Triéu vong)
- Q: tai trong dong cua b lan.
Q = (XVF, + YF,)KK4
- Qy: Tai trong tinh cua 6 lan
Qi = XoFr + Yo Fy
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* Tinh phan luc b lan tac dung lén tryc.
- Tacoé: m = 80,54 (kgf)
- Luc doc truc trung binh: E,,,, = 539,5(N)

- Xét truong hop ban méy chay vé phia 6 bi B. Ta ¢6 luc tac dung 1én 2 6 A, B:
R, =Rz =m.g/2 =80,54.10/2 = 402,7 (N)

- Noi luc doc cta 6 bi: Fy; = e.R; = 1,14.402,7 = 459,1 (N)
- Luc doc truc tac dung lén cac b bi:

+V6i 6 A: ZF, = Fy4 + Fpa/2 = 459,1 + 539,5/2 = 728,9 (N)

+V6i 6 B: XFg = Fop + Epg/2 = —459,1 + 539,5/2 = —189,35 (N)

= Chon F,,4, = max(ZF,, ZFg) = 728,9 (N)
- Kiém tra:
Famax _ 7289

=——=181>1,14
V.Rg 402,7

+ K, 12 hé sé nhiét do,véi nhiét d6 < 105°C, K, = 1

+ K4 1a hé sb tai trong. Ché d6 1am viéc va dap nhe, qua tai ngén han, va
td1 125% so vai tai trong may. Chon Kz = 1,2

+ Chon X, =1,Y;, = 0,56

+ Hé s6 ké dén vong nao quay. Vong trong quay V = 1

+ Chon X = 0,57,Y = 0,93 tir bang sau:

P Single, DT DB or DF
CX{?‘?;‘ '—%Fi e | FufFese | FufFi>e | FafFise | FufFo>e
g o ¥ | FIlxlF¥l x|l x| ¥
0178038 1 | 0 |044a[147]| 1 [165]072]239
0357 | 0.40 1 0 (044|140 1 15671072 | 2.28
07141043 1 | 0 |044a|130| 1 |1.46]|072]|2.11
g [ 107 (046 1 | 0 [044]123| 1 |1.38]0.72(200
1431047 1 | 0 |044(119| 1 |134]|072]|1.93
214 050 1 | 0 |044|1.12| 1 |1.26|072]1.82
357 (055 1 | 0 |044|1.02| 1 |1.14]|072| 1866
535 (056 1 | 0 |044|100| 1 |1.12]072]1.63
25° | — 1068 1 | 0 |041]087] 1 [092(067|1.41
3° | — |080| 1 | 0 |039|0.76] 1 |0.78|063]1.24
40° | — [1.14] 1 0 |035/057] 1 [055]057]0.93|

AAAAAA

- Tinh tai trong dong:
Q =(0,57.1.402,7 + 0,93.728,9).1.1,2 = 907,4 (N)
- Tinh tai trong tinh:
Qo = 402,74+ 0,56.702,9 = 810,9 (N)
- Khé nang tai dong:
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C =0Q.VL =907,4.3/420,8 = 6800 (N) = 6,8(kN) < [C] = 15,1(kN)
= Thoa mén diéu kién tai dong.

- Kha nang tai tinh:

Co = Qo. VL = 810.3/420,8 = 6070(N) = 6,07(kN) < [C,] = 9.3(kN)
= Théa méan diéu kién tai tinh.
e Chon gbi dd.
-Chon 2 gbi d& c¢6 ma san pham SY 15 TF ciia hing SKF thoa mén diéu kién tai

dong, tai tinh co cac thong sb nhu sau:

1, 1A imm} H [}

Hinh 4.37: Théng sé goi do do hing SKF ciing cdp

4.2.2. Tinh toan truc chinh may.

4.2.2.1. Diéu kién 1am vige truc Z.

* Cac thong sd ban dau

- Tinh to4n théng sé ché do cat thir nghiém:

+ Téc d6 quay truc chinh: n = 1379.34 (v/ph)

+ Bé rong 16p cét: ae = 63 (mm)

+ Heé sb luc cat (Specific Cutting Force) Ke: Ke = 1600

+ Vat liéu: thép C45

+ Van tdc: v =260 m/ph

+ Chiéu sdu cat: ap = 0.5 (mm)

+ Bé rong 16p cit: ae = 63 (mm)

+ Luong chay dao rang: {z = 0.4 (mm/rang)

+ Cong suit cit: Pc = 2.36 (Kw)

+ Momen cyc dai khi cat: Mc = 16.34 (Nm)

+ Luc cat chinh: Fm = 518 (N) = 51.8 (kG)
4.2.2.2. Tinh chon dong co truc chinh.

- Bong co truc chinh may CNC la loai dong co dugc tich hop truc tiép vao truc
chinh cia mdy CNC, dong vai tro quan trong trong viéc cat, tao hinh va gia cong cac vat
liéu khac nhau. Nhirng dong co nay cung cép chuyén dong quay can thiét dé quay dung
cu cat hodc phdi, cho phép cac quy trinh ché tao chinh xac va hi¢u qua.

- Cong suat dong co truc chinh:
P, 2,36
P dc

a Not-Ndai a 0:99-0;96

= 2,5 (kW)
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- Momen xoén dong co:
Tdc = 9,55 1067

= Chon dong co AC Servo cua hang Mitsubishi loai SJ-D3.7/100-1 cé cac thong

sO nhu sau:

Pdc

= 9,55.10°

)

1379,34

= 8,65 (Nm)

mm_v,F 3.03.7/10001 5J-05.5100-01 ] ©4.07.5100-01 SJ-D11/80-01
1-axis type MOS-D-5P-80 MUS-0-5P-80 MOS-D-5P-100 MOS-0-5P-100
MDS-D-5F2-8040 MDS-D-9P2-5040
Compatinie  [2-as type MDS-D-5P2-0080 MOS-D-5P2-8000 MDS-0-572- 16000 MDS-D-5P2- 16060
drive wnit MOS-0-SP2-16080 MOS-D-SP2-16000 | : .
MOS-DM-SPV2F-10080 MDS-DM-SPV2F 10080 MOS-DM-SPV2F- 16080
A el tonogrered Sype MDS-DM-SPV3F-10080 MOS. D SPVIF- 10080 MDE-DM-SPVIF. 156080
Regenerutive resiator type MD5.0.5P13.37 MDE-0-5P.13.56 MDS5-D-6P13.75 MDS.D-SPU3- 110
W W
s |5I—.—
Output ¢ 101- T
Short-time rating B iy 5
Continuous rating B ‘
050 w000 10000 0% %0 ) 03500 o0 10000 em w0 sw0o
an nen e o
Shortimae reng (15men) Showt o ratvng (30me) Ihort-levm teting (C0mn) T ratng (0
Base apeed Lromwinr) 1500 1500 1500 1500
Max_rofation speed In constant OUtpUt rnge |1~ 000 6000 000 2600
[0 speed [rwan] 10000 10000 10000 8000
c rated torque Nm) 140 2386 4 350 = 77 =
Motor inertia Y ] 0.0074 0.013 | 0.023 0.001
178 50 174 50 204 50 204 50
[——-—— = —3
o O - g s A
- cl » < . “
Outsne dimension drawing {reem]
(w W’ »n7 M7 A8 ELE)
—2 —_r —. ] — -
\ o 2 o -1
r = ¥
LIEF | =P = T
iy = i |
Flange fitting diametor e @150 Q150 Q180 o180
Shatt diameter frrom ) o8 28 o2 [sLL]
Mass vl 20 19 53 64

Hinh 4.38: Dong co servo AC

4.2.2.3. Tinh b truyén dai.
* B{ truyén dai truc chinh.
e Cac thong s6 dau vao:
+ Cong suat: Py, = 2,5 (kW)
+ 86 vong quay: n = 10000 (v/p)
+ Ty s6 truyén: u = 2
e Chon loai dai: Vi diéu kién lam viéc véi sb vong quay 16n, yéu cau do 6n dinh,
truyén cong sudt va momen xodn tdt nén chon dai dang Poly V-Belt dé truyén
dong tw dong co sang truc chinh.
e Xac dinh céc thong s6 ctia bo truyeén.
- BPuong kinh banh dai:
+ Puong kinh banh dai chu dong:

d; = (3). m
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o d; = (3).3/8,65.100 = 61,58(mm)

= Chon duong kinh banh dai cha dong: d; = 60 (mm)

=

+ V6i ty s6 truyén cua bo truyén dai: u = 2
d,=d;.u/(1—¢)= 602/(1-0,01) =121,21 (mm)

Chon duong kinh ctua banh dai bi dong: d, = 120 (imm)
- Khoang cach truc: 0,55.(d; +d,) +h=>a > 2.(d; +d,)
< 0,55.(60 +120) = a = 2.(60 + 120) = 99 =+ 360 (mm)
= Chon khoang céch truc chinh: a = 144 (mm)

- Chiéu dai dai duogc xac dinh:
+Chiéu dai dai so bo:l = 2a + m(d, +d,)/2 + (d, — d;) ?/(4a)
o [ =2.144+ w(60 + 120)/2 + (120 — 60) 2/(4.144) = 576 (mm)

Vay chon chiéu dai dai: [ = 575 (mm)
nmdy.ny _ 1.55.10000

+ Van tbc dai: v = = = 28,8 (m/s)
60000 60000
+ GoOc 6m cua banh dai nhoé:
_ 100~ 92750 _ g 120760 o g s
“= a = 144 2/ T

- BPuong kinh ngoai ctua banh dai:

+ Banh dai chu dong: d,; = d; — 6 = 60 — 4,8 = 55,2 (mm)

+ Banh dai bi dong: d,, =d, — 8§ = 120 — 4,8 = 115,2 (mm)
- Xac dinh tiét di¢n dai:

+ Chon dai c6 tiét dién va cac thong s6 nhu hinh duéi:

Ki hiéu Kich thuéc Chiéu dai | S6 chém d; min | Kh6i lugng Im chiéu
tiét dién tiét dién, mm giéi han, dai dai c6 10 chém
X mm = Qe K8/M

H | h |t nén | ChO |
ding | phép
K 40 | 235 | 2,4 | 400-2000 | 2-36 | "36 | 40 0,09
[ U5 | 4,85 | 4,8 | 1250-4000 | 4-20 | 50 | 80 0,45 |
M 16,7 |10,35| 9,5 |2000-6000 | 2-20 | 50 | 180 1,60

Hinh 4.39: Bang théng s6 dai nhiéu chém.
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- Xac dinh s6 chém:
+ H¢ sb tai trong dong: K; = 1,1
+ Heé sb anh huong goc 6m: C, = 0,95
+ Hé s6 anh huong chiéu dai dai: C; = 0,96
+ Cong suit trén truc banh dai chu dong: Py, = 2,5 (kW)
+ Cong suit trén banh dai bj dong: P. = 2,36 (kW)
+ Heé sb ké dén anh huong cua ty sb truyén: C, = 1,125
+ S6 chém cua dai c6 thé tinh theo cong thirc sau:
z = 10.P4..K4/P..C,.C,. Cy
< z=10.2,5.1,1/2,36.0,95.0,96.1,12 = 11,4 (chém)
=> Chon sb chém z = 14 (chém)
- Chiéu rong dai B: Chiéu rong dai B c6 thé tinh dugc bang cong thirc:
B=(Z—-1t+2e=(14-1)485+2.2,4 = 67,85 (mm)
- Tinh lyc cang ban dau va lyc tac dung 1én tryc:
+ Lyc cang do lyc li tdm sinh ra:
E, = 0,1.¢m10-2.v* = 0,1.0,45.14.28,8% = 522,5 (N)
+ Luc cang dai v&i z chém dugc tinh theo cong thure:
F, = 780.P4..K;/(v.C,) + E,
= 780.2,5.1,1/(28,8.0,95) + 522,5 = 600,9 (N)
+ Lyc tac dung lén truc:
E. = 2F,.sin(a,/2)
= 2.600,9/sin(156,25/2) = 1228,08 (N)
* B truyén dai truyén dong tir truc chinh sang toc ké.
- Céc thong s6 ban dau:
+ Cong suit tai banh dai chu dong: P, = 2,36 (kW)
+ Cong suat tai banh bi dong
P, = Pi.i. Ngai- N6 13n = 2,36.1.0,96.0,99 = 2,24(kW)
+ Sb vong quay tdi da: n = 5000 (v/p)
+ Ty s truyén: u = 1
+ Sb vong quay tinh toan: n = 1379.34 (v/p)
- Xac dinh module va chiéu rong dai

+ P,: Cong suét trén banh dai cha dong (kW)
+n,: S6 vong quay trén banh dai chu dong (v/p)
= Tri s6 ciia m dugc Iy theo tiéu chuan. Chon m = 4 (mm)
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STT Théng sb Kich thwérc khi mé dun m (mm)
2 3 4 5 7 10
1 | Chiéu caorang hmm 1,2 18 24 3,0 42 6,0
2 | Buong kinh ddy chao 5,mm 0,35 | 0,35 0,35:0,65 0,65 0,65 0,65
3 | Knodng céch tir day rang dén déy chdo | 0,6 0,6 0,6:1,5 1,3 1,3 13
A,mm

4 | Knbilugng 1m day dai, kg/m, b=10mm 0,032 | 0,04 | 0,050,065 | 0,075 | 0,09 0,11
5 | S&dung khi T, (N.m) <0,2 10 15,25 <40 | =190 | <1900
6 | Taitrongriéngkhiu 21,2286, [qo] Nm 4 <24 <22 35 45 60
7 | van tbe lon nhét 25 30 35 40

Hinh 4.40: Baing tiéu chudn héa tri s6 module bé truyén dai rang

* Tinh chiéu rong dai:
+ Chiéu rong dai dugc xac dinh theo cong thirc:
b=1vz3m=64 =24 (mm)
= Chon chiéu rong dai: b = 25 (mm) theo bang kich thudc chiéu rong dai duoc
tiéu chuan hoa.

Médun

cia dai Chiéu rdng dai rang b, mm

m, mm

3;4;5;8;10;125
1,5 3;4;5;8;10;125;16; 20
2 5;8;10;125;16; 20
( 3 12,5;16;2025]32;40; 50 |

4 20;25;32;40;560;63;80; 100
5 - 26;32;40;560;63;80; 100
7 40;650;63;80;100; 126
10 50;63;80;100;125;160; 200

Hinh 4.41: Théng s6 chiéu réng dai.

* X4c dinh cac thong s6 bo truyén.
- Tinh s ring ctia banh dai va khoang cach truc:
+ Ta c6 budc dai: p = 12,57 (imm).
+ 86 rang cua banh dai rang chii dong: z, = 18 (rang).
= S rang cua banh dai bj dong: z, = i.z, = 18.1 = 18 (ring).
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Médun | S6 vong quay | z; khong nhd || Médun | S6 vong quay | z, khong nho
cua dai banh dai nho hon cua dai banh dai nhd hon
m, mm n, vg/ph m, mm n, vg/ph
2 500 ... 3000 12 5 500 16
3500 ... 4500 14 1000 ... 1500 18
5000 ... 6800 16 2000 ... 3000 20
7000 ... 7500 18 3500 ... 4000 22
3 500 ... 1000 12 6 500 20
1500 ... 2000 14 1000 22
2500 ... 3500 16 1500 24
4000 ... 5000 18 2000 26
4 500 12° ; 14 7 500 20
1000 14° ; 16 1000 22
1500 ... 2000 16" ; 18 1500 24
2500 ... 3500 18* ; 20 2000 26 ... 28
Chi thich : . Dé6i véi dai dung day kim loai.
Hinh 4.42: Bing s rang tiéu chudn
- Khoang céch truc co so ctia bd truyén: ap, < a < Gpgy
+ Khoang cach truc tdi ticu:
Amin = 0,5m. (2, + 2,) +2m
© Apin = 0,5.4.(18 + 18) + 2.4 = 72 (mm)
+ Khoang cach tryc tdi da:
Amax = 2m. (z; + z,)
© Apax = 2.4.(18 + 18) = 288 (mm)
= Khoang cach truc co s¢: 72 < a < 288
Viy, chon so bd chiéu dai truc co s6: a = 140 (mm)
- S rang dai: z4
2a z1+z, (z1+2)°
Zg = —
d p 2 40.a
2140 18+ 18 (18 + 18)? 42,5 (ring)
o Zz= = 42,5 (ran
1T 12577 2 40.140 g

= Chon z4 = 44 (rang), chiéu dai dai [; = 514,25 (mm)
* Tinh chinh x4c thong sd bo truyén.
- Xéc dinh lai chinh xac khoang céach truc co s¢ a.
+]= ld . p.(212+zz) _ 514,25 . 12,57.(18+18) _
+A= m(z; —z,)/2= 3025 - 25)/2=0
+ Chiéu dai truc co s& chinh xéc:

a=(1+ 7 — 88%) /4

& a= (288 ++/2882 — 8(02))/4 = 144 (mm)
- Tinh duong kinh vong chia banh dai:

288
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+ Puong kinh vong chia banh dai chu dong:
dy = m.z; =418 = 72 (mm)
+ Puong kinh vong chia banh dai bi dong:
d, = m.z, =418 =72 (mm)
- Tinh duong kinh ngoai cia banh dai:
+ Khoang cach tir day rang dén duong trung binh cta 16p chiu tai:
6 = 0.8 (mm)
+ Pbuong kinh ngoai cua banh dai chu dong:
dsi = m.z;— 2.6 =418 — 2.0,8 =70,4 (mm)
+ Duong kinh ngoai cua banh dai bi dong:
dpp = m.z,— 2.6 =418 — 2.0,8 =70,4 (mm)
- Tinh goéc 6m cua banh dai:
+ Goc 6m cua banh dai chu dong:
a, = 180° — [m(z, — z,)/a].57,3°
o a,; = 180° — [4(18 — 18)/96,54].57,3° = 180°
+ Goc 6m cua banh dai bi dong:
a, = 180° — [m(z; — z,)/a].57.3°
o a,; = 180° — [4(18 — 18)/96,54].57,3° = 180°
- Tinh s6 rang dong thoi dn khép trén banh dai:
Zy = (2. a3)/360° = (18.180)/360° = 9 (rang)
* Kiém nghiém dai vé luc vong riéng
- Hé s6 tai trong dong: Ky = 1,1

- Khéi luong 1 mét dai c6 chiéu rong 1 mm: g,,, = 0.005 (kg/m, mm)
TL'dl.Tll m.72.1379

- Van tdc vong: v = = = 5,2(m/s)
60000 60000
- Luc vong: F, = %222 = 222200 — 4538 (N)

- Hé s6 ké dén anh huong cua sb ring dong thoi an khép: €, = 1
- Hé s6 ké dén anh huong cua truyén dong ting toc: C, = 1
- Luc vong riéng cho phép: [q,] = 25 (N)
- [q] = [q0].C,.C; = 10.1.1 = 25(N) ‘
- Luc vong riéng trén dai phai thoa man di€u kién:
q = F..Kq/b + qm-v* < [q]
& q = 453.1,1/25 + 0,005.5,22 = 20,06(N/mm) < [q,] = 25(N)
= Thoa man diéu kién bén
* Xéc dinh luc cang ban dau va luc tac dung 1én tryc.
- Lyc cang ban dau c6 thé tinh bang cong thirc sau:
F,=(1,1+1,3)E, = (1,1 + 1,3).q,,. b. v?
o F, =(1,1+1,3).0,005.25.5,2? = 3,718 + 4,394 (N)
- Lyc tac dung 1én tryc co thé tinh theo cong thirc sau:
E. =(1,0+1,2)F, = (1,0 +1,2).453,8 = 453,8 +~ 544,56 (N)
* Tinh c4c thong s cuia banh dai ring:
- Buong kinh dinh rang:
dgygy =m.z; — 2.6 =418 -2.0,8 = 70,4 (mm)
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- Bbuong kinh day rang:
dey =dg; —1,8.m =70,4— 1,84 = 63,2(mm)
- Buong kinh vong chia:
dy =m.z; = 418 =72 (mm)
- Chiéu dai ring: B = b + m = 25 + 4 = 29(mm)
- Céc thong sd cac cua banh dai duoc chon theo bang sau:

——

Ki M6dun m, mm
Kich thuéc cua profin ranh hiéu

’ 1 1,6 2 3 4 5 7 10
Chiéu rdng nhé nhit cia rdanh, mm| s 1,0 1,6 1,8 |[|32)f 40 | 48 | 7,6 | 11,6
Chiéu sau ranh, mm h 1,3 1,8 | 2,2 30|l 40 | 50 | 85 | 12,5
Gde profin ranh, do v 50 50 50 40 40 40 | 40 40
Bén kinh gde lugn, mm r, {03 |04 |05 (|07} 1,0 | 1,5 | 25 | 30
r, [ 03|04 |05 10} 1,3 |20 | 30| 35

Hinh 4.43: Céc théng so cua profin ranh

4.2.2.4. Tinh toan truc chinh.
e Tinh toan tiét dién truc
- bat cac thong s6 luc tac dung 1én tryuc chinh da duogc tinh todn ¢ cac phﬁn trudc va
phan tich biéu do noi luc tac dung lén tryc. Biéu d6 noi luc cua truc duoc trinh bay nhu
hinh dudi.
Fyo

>= r
Fya = Fr
Fa1 I Fq2

L1 L2 L3 L4

A= 0

I

Hinh 4.44: Biéu dé néi luc cia truc chinh
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- Tr biéu dd ndi luc cua tryc chinh, ta tinh dugc dudng kinh truc chinh nhu sau:
+ Puong kinh ngoai: d,, = 45(mm)
+ Puong kinh trong: d, = 25 (mm)
+ Khoang cach gitra 2 6 1an: | = 87 (mm)
+ Khoang cach tir tim banh dai dén 6 lan: ¢ = 35(mm)
- Chon vat liéu lam truc la SCM415.
Tiéw chun Méc thép [ Mri P 8 Si Mi r Mo

JIS G4105 SCMA1S 0.13-018 0680080 =0030 =0030 015.035 =025 090120 015025
Hinh 4.45: Théng sé vit liéu

e Luya chon 6 bi va tinh tudi tho

- Chon 6 bi d& chin ctua SKF ¢6 ma 7209 ACCBM c¢6 thong s6 nhu sau:

< R 1= .- F A , ~ 21 e < 2 1% \
* Chon loai 0 lan: Véi F—a > 0,3 trén cac truc nén chon 6 bi d& — chan d¢ lap vao

r
cac vi ti goi do.
* Chon cip chinh xac 6 lan: Ddi v6i hop giam tdc, thuong chon cap chinh xac ché
tao 6 lan 1a 6, d6 dao huong tam 1a 1,3 (um).

Cdp chinh xdc 0 6 5 4 2
D6 ddo hudng tam, pm 20 10 5 3 2,5
4

Gia thanh tuong d6i 1 1,3 2 10

Hinh 4.46: Cap chinh xdc ctia 6 lan

* Chon kich thudc 6: Théng nhat thiét ké, chon 6 bi d& long cau 2 diy dé lip vao
cac gbi d&. Chon 6 bi c6 tén chi dinh 33209 ctia hang SKF c¢6 cac thong sé chinh duoc
hang cung cap nhu sau:

Dimensions Performance

Hinh 4.47: Théng sé 6 lan do hdng SKF cung cap.

- Tudi tho 6 bi:
L =60.10%n.L, = 60.107%.5000.43800 = 1314 (Triéu vong)
- Q: tai trong dong cua 6 lan.
Q = (XVF, + YF,)KK4
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- Qy: Tai trong tinh cua 6 lan
Q: = X, F, + Y, F,

* Tinh phan luc b lan tac dung 1én truc.

-Taco:m = 2,1 (kgf)
- Luc doc truc trung binh: F, = 605,4 (N)
- Lyc tac dung 1én dbiA:
+F,, = 659,7 (N)
- Lyc tac dung 1én b bi B:
+F,, = 2949 (N)
Chon F,,4,, = max(ZF,q,ZF,,) = 2949 (N)

- Kiém tra:

+ famax _ 2919 _ 4 635114
V.R 1804

+ K, 1 hé sb nhiét do,voi nhiét d6 < 105°C, K, = 1

+ Ky 1a h¢ s6 tai trong. Ché do lam viéc va dap nhe, qua tai ngén han, va té1
125% so voi tai trong may. Chon K4 = 1,2

+ Chon XO = 1, YO = 0,56
+ Hé s6 ké dén vong nao quay. Vong trong quay V = 1

+ Chon X = 0,57,Y = 0,93 tur bang sau:

150 1.07 {046 | 1 0 (044|123 1 |[1.38(0.72|2.00
143 1047 | 1 0 (044119 1 (134(0.72|1.93
214 1050 | 1 0 (044 (112 1 |1.26(0.72 | 1.82
357 (055 1 0 |044(102| 1 |1.14|0.72|1.66
535 [0.56 | 1 0 |044(100| 1 [1.12]0.72]1.63
25° | — 1068 | 1 0 [041/087| 1 [0.92]0.67|1.41
30° | — (080 1 0 [039]0.76| 1 |[0.78(0.63]1.24
40° | — |1.14 | 1 0 [035/057]| 1 |0.5510.570.93
Hinh 4.48. Tri s6 hé so tdi trong X, Y va tri s6 thuec nghiém e
- Tinh tai trong dong:
Q = (0,57.1.1804 + 0,93.2949).1.1,2 = 4525 (N)
- Tinh tai trong tinh:
Qo = 1804 + 0,56.2949 = 3455 (N)
- Kha nang tai dong:

C = Q."VL = 4525.3/1804 = 55084 (N) = 55(kN) < [C] = 81,6 (kN)
= Thoa man diéu kién tai dong.
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- Khé néng tai tinh:
Co = Qo. VL = 3455.3/1804 = 42059 (N) = 42(kN) < [C,] = 76,5 (kN)
Thoa mén diéu kién tai tinh.
e Tinh toan 10 xo git ddu BT
- H¢ 10 xo0 bén trong truc quay c6 nhiém vu tao luc €p cia BT 1én mat con cua truc
quay, gitp truc quay truyén momen xoan qua dau BT.
- Momen xo0dn truyén qua mat con:
_ 2uP (b — @)
~ 3sinf(b? — a?)

Trong do:
+ B, a, b: Lan luot 13 gbc con, ban kinh dinh va ban kinh dy cta phan con BT.
+ pg: Hé s6 ma sat giira mat con BT va truc quay.
+ C: Momen can truyén tuong Gng v4i cong suat 16n nhat cia dong co: € =

28 (N.m)
- Su lién h¢ gitra tai trong doc truc va bién dang xac dinh theo cong thurc:
B 4ES 4 A 5
F= W[(f—/h)(f—f) +67]
Trong do:

+ D: duong kinh ngoai cua 10 xo.

+ E: Module dan hoi, E = 2,08.10° Mpa

+u: Hé sdPoisson, vat liéu 1am 16 xo 1a X7 CrNiAl 17 7 (DIN 1.4568) nén u = 0,3
+K: Hé sb phu thudc vao chi s6 ¢ = D/d = 2,25

6 (c—1)2
K = [———1
lnc c
A 6 (c-1?% 6 (225-1)%,
Vay K = nlnc[ c? ] - n.2,25[ 2,252 ] = 0,726

- Theo tai trong, ta xac dinh chiéu day 10 xo:
6 = 0,0284 F0,65

+ Fy ¢5: Tai trong voi bién dang,
0,65 0,65
Foes = Y b= 0,8.0.8
+ V6i y 1a bién dang twong ddi véi tai trong F
+ f: Chiéu cao mit con, f = 0,8 (mm)
+ &: Chiéu day 1 dia 16 xo0, § = 2 (mm)

- Chon kich thuéc 10 xo theo ty sb:

+ Puong kinh trong: d = % = % =12 (mm)

+ Puong kinh ngoai: D = 27 (imm)
- Xac dinh s6 lugng 10 xo can thiét:
tn=—2 % =30 (&)

T fO0ar)  0.8(0,665-0,64)
+ Vi bién dang twong doi theo tai trong lam viéc: y, = 0,665

10 = 10,15625
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+qV('ri bién dang tuong d6i theo tai trong ban dau: y; = 0,64
- Kiém tra ing suat 10 xo:
2 6 2
Rasns T T iest omar ns = T19687 ()
4.2.2.5. Tinh toan h¢ din dong truc Z.
a) Cac thléng s6 d?%u Vao.
- Van toc 16n nhat khi gia cong: V14, = 4 (m/ph)

- Van tdc chay 16n nhat khi khong gia cong: Venay max = 7.5 (m/ph)
- Thoi gian hoat dong 10 ndm: 29200 gio.
- Hé sd ma sét tron bé mit: u = 0.005
- Viing hoat dong 16n nhat: L,,,,, = 300 (mm)
- Gia toc 16n nhat cua hé théng: a = 0.3g = 3 (m/s?)
- Khéi luong dong co truc chinh: My, = 26 (kg)
- Khéi lugng bo truyén dai: Myy; = 5 (kg)
- Khéi luong truc chinh: M, = 2.1 (kg)
- Khéi lugng gid d& truc chinh: M4, = 35,739 (kg)
- Tinh to4n thong s6 ché do cat thir nghiém:
+ Téc d6 quay truc chinh: n = 1379.34 (v/ph)
+ Téc d6 quay ctia dong co budc truc y: n,,, = 1600 (v/ph)
+ Luong chay dao phut: v = 2758.68 (mm/ph)
+ Bé rong 16p cit: ae = 63 (mm)
+ Goc cit chinh: Ky= 15°
+ Heé s luc cat (Specific Cutting Force) Kc: Ke = 1600
+ Vat liéu: thép C45
+ Van tdc: v = 260 m/ph
+ Chiéu sau cat: ap = 0.5 (mm)
+ Luong chay dao rang: fz = 0.4 (mm/rang)
+ Cong suat cat: Pc = 2.36 (Kw)
+ Momen cuc dai khi cit: Mc = 16.34 (Nm)
+ Luc cat chinh: Fm = 518 (N) = 51.8 (kG)
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Hinh 4.49: Tinh todn khéi lwong gia do truc chinh trén phan mém inventer

- Khéi luong cum truc chinh: M., = M, + Mgyaie + Magi + Mg
M. =26 +35,739+ 5+ 2,1 = 68,839(kg)
b) Tinh toan thiét ké hé dan dong truc Z.

- Gia st vit me quay duoc 1 vong (27) thi ban may di chuyén dugc mot luong tx,
vit me di chuyén dugc mot goc 0 < 2m thi ban may di chuyén dugc mot lugng x < tx,
dong co bude quay z bude

- Tur gia thuyét ta co: x = ;—’; 6 (1) v6i x 1a d6 chinh xac dich chuyén.
- Chon budc vit me: 1 =5 (mm) => tx =5 (mm)
- Goi s6 budc cua dong co 1a z. chon z = 200 (budc)
=> (Goc quay 0 == 27”H (2) v6i H 1a kha niang diéu khién nho nhat cia dong co
bude, chon ché do didu khién nho nhét 1a H = g = 0.125 (budc)
- Thay (2) vao (1) ta dugc: x = = H
- Ta c¢6 d6 chinh xac dich chuyén theo truc x do nha san xuit cung cép la:

x =4 (um)

- Bé giam s0 budc cling nhu kich thudc dong co budc va nhi¢u yéu cau ky thuat-
kinh té khac, thém bd truyén dong trung gian lam gidm sé budc cling nhu nang cao
momen xoan cua dong co budc.
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- Theo két cdu ctia may, chon bo truyén dai c6 ty s6 truyén i truyén dong tir dong co
budc sang truc vit.

* Tinh chon ty s truyén cta b truyén dai:

- V6i bo truyén dai trung gian gitra dong co va truc vit, ta c¢6 luong dich chuyén ban
ixtx X*Z
H=>i=

z Hxtx

may theo truc x: x =

+Véitx =5 (mm) , H=0.125, z = 200, ta tinh duoc s6 budc dong co:

. X*Z _0,004*200
YT Hetx  0125%5

= 1,28
* Tinh toan lua chon truc vit me, dai dc bi, 6 1an cho hé truyén dong ban may theo

truc Z.

+ Luyc cat theo phuong z: Fz = 0.5Fm = 0.5%¥518 =259 (N)

+ Luc cat chinh cia may: Fm = 2751 (N)

+ Luc doc truc: F, = 688.39 (N)

+ Hé s6 ma sat 1an: 0.005

+ Luc ma sat cta 6 bi lan: f = 3,44 (N)

+ Gia téc ban may a = 0.3 (m/s?)

+ Gia téc trong trudong: g = 10 (m/s?)

+ Hé s6 ma sat 1an cua bi trén : p,; = 0.1

Tinh toan cac luc doc truc:

- Tang tc (Pi 1én):

F,y = mg+ma+ f =68839.10 + 68,839.3 + 3,44 = 898,347 (N)

- Chay déu (Pi 1én):

Fp, = mg+ma+ f =68839.10 + 3,44 = 691,83 (N)

- Giam téc (Di 1én):

Fi3 = mg+ma+f =68839.1 — 68,839.3 — 3,44 = 478,433 (N)
=> Luc doc truc 16n nht tac dung lén vit me 1a 898,347 (N)
Tinh toan tai trong (C,, C,).
- Tai trong tinh:
+ Cac cong thuc tuong Gng:

Co = fs Famax
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Trong do:

C,: Tai trong tinh.

f. : Hé s6 bén tinh, véi may congcu f, = 1,5 — 3.Chon f, = 2.5
Fymax : Luc doc truc 16n nhat tac dung 18n vit me.

& C, = 2.899,347 = 1798,694 (N)

- Téi trong dong:

+ Vil =5 mm => Van tdc quay danh nghia la:

Ny = == = =2 = 800 (v/p)

Ca = (60 * Nm * Lt)1/3 * Fma * fw * 1072
< C, = (60 * 800 * 43800)/3%51.8 * 1.2 * 1072 = 796.31 (kgf)
Chon kiéu bi cho dai 6¢ bi.

- Lwa chon bi cho dai 6¢ bi vu tién d6 cung, do chinh xac, van hanh ém ai va d6 hao
phi chuyén dong thap, theo dé cac thong s6 vé loai bi dugc chon la:

+ O bi loai Iuu chuyén: bi bén ngoai

+ Kiéu: OFU/DFU

+ Dong bi luu chuyén: Bx2 hoic Bx3
Chon céc thong sb truc vit.

- Chon chiéu dai truc vit (L) = chiéu dai hanh trinh lam viéc + (chiéu dai dai 6c bi,
6 bi )/2 + chiéu dai ving thoat

+L =200 + (75+34)/2+110 = 364,5 (mm)

- Ché d6 1ap 6 d& 1 dau 1a 1ap chat => f= 3.4

- Chon toc d6 quay cho dong co khoang 80 % so véi toc dd quay gidi han nén ta co:
+1n = 80%.Nmax = 80% * 1600 = 1280 (v/p)

Ban kinh truc vit:
Cdr = [HL3Fe ,4.1,3.899,347 = 2,01 (mm) =>d = 2,01 (mm)
.[ok] 17.364

Trong do6:

+ Luc doc truc Fa = 899,347 (N)
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+ D0 bén kéo cua vat liéu lam truc vit ( thép CrWMn):
0] = 364 (Mpa)
Chon vit me:
Thong sé co ban ciia truc vit me:
+ Puong kinh: d > 2.01 (mm)
+ Tai trong tinh: C, > 1798,694 (kgf)
+ Tai trong dong: C, = 796.31 (kgf)

Chon dai ¢ bi cia hang TBI Motion loai GENERAL HEAVY NUTS OFU c6 thong
s6 nhu sau:
UL 2 mim

Dimension Load Rating K

ModelNo. | d | I | Da

D/ A|[B|L|W|H|X| Q]| n |calkgf) Coa(kgf) kgfum
OFU01605-8 | 16 | S (3175|281 48| 10 | 75138 | 40 |SSIM6| ™8| 1380 | 3052 | 44
OFU02005-8 | 20 | S [3.175| 36 | 58 | 10 | 85 | 47 | 44 | 66 | M6 | 1x8 1551 3875 53
OFU02505-8 5 (3775|140 |62 | 10 | 86 | 51 | 48 |66 | M6 | 1x8 | 1724 4904 62
OFU02510-8 @ 10 |4762| 40 | 62 | 12 |130| 51 | 48 [ 66 | M6 | IxB | 2954 7295 67
OFU03205-8 1 5 |3175| 50 | 80 | 12 | 87 | 65 | 62 Mé | 1x8 | 1922 6343 74
OFU03210-8 10 |635| 50 | 80 | 12 | 145 | 65 | 62 Mé | 1x8 | 4805 12208 82

Hinh 4.50: Théng sé dai éc bi do hing TBI Motion cung cdp

Chon tryc vit me cta hing Tuli c6 thong sé nhu sau:

2 12 C7,C5,C3 RIL 1 SCRO1202 K

4 25 C7,C5,C3 R 1 SCR01204 U, BSH
12 5 2.5 C7, C5,C3 R 1 SCRO1205-A V, U, BSH, H

5 2.5 C7,C5,C3 R 1 SCRO1205-B K

10 2.5 €7, C5,.C3 R 2 SCRO1210-B V
1 2 1.2 C7,C5,C3 RIL 1 SCR01402 K

4 2.5 C7,C5,C3 R 1 SCR01404 BSH

2 1.2 C7,C5 @3 RIL 1 SCRO1602 K

4 | 2381 €7,/C5,E3 R 1 SCRO1604(N) V, |, U, BSH
16 5 3075 C7.65 G RIL 1 SCRO1605 V.1, U, BSH

10 | 3.175 C7.C5,C3 RIL 2 SCR01610 V.1, U, BSH

16 | 2.778 €7,:C5,C3 R 2 SCRO1616 Y

32 | 2778 7,05 C3 R 2 SCR01632 Y

Hinh 4.51: Théng sé vit me bi do hang TBI Motion cung cdp

Tinh chinh x4c chiéu dai truc vit me: L = 365 (mm). Sai s dinh vi cho phép:
Ax <4 (um) = 0.004/1000 (mm)

Kiém tra lam viéc so bo

- Tudi tho 1am viéc (L,):
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tL= ( o

Fmy-fw

1
60N,

)3 . 106.

3
_ (1798.694) . 105.—— = 38439,95 > 29200 (h)

478,43.1,2 " 60.800
- Téc d6 vong quay cho phép dé dam bao tudi tho:

16
3652°

tn = f£.5.107 = 3,4.—2.107 = 4083,3 (v/p)

Kiém tra d6 gian n¢ do nhiét cua truc vit me, mirc diéu chinh nhiét 5 °0).
- D% 6n dinh do nhiét:
ALy = p.0.L = 12.107°.5.365 = 0,0219 (mm)
Xéc dinh tai trong to1 han (Fy,).
- Puong kinh trong cua truc vit me: d; = 13.2 (mm) tra catalog do hing cung cip.
- Cap chinh xac tryc vit: IT4: E = 0.02 (mm)
- Lyc tac dung Ién tryuc vit me:

ALgEm.di® _ 0.0219.7.2,1.10*.13,22

+Fyg = ALg. K = L Y

= 52,25(kgf)

- Tinh tai trong t61 han cda truc vit me:

13,24
3652

4
“‘LLZ. 103 = 20,3.

+F,, = m. 103 = 4626 (kgf)

-Taco: [S] = 2 > [S,]

4626
1798,694

[S1=

Véi [S,]: Hé sb an toan 6n dinh cho phép

= 257 >[So] = [2 + 4]

=> Thoa man diéu kién an toan.
Chon dong co.

- Dua vao cac thong so tinh toan trén, chon dong co budc size 86 (mm) c6 ma san
pham 86HS156 c6 thong s6 nhu sau:

+ DPuong kinh truc: d = 14 (mm).
+ Momen xodn 16n nhat: M = 12(Nm) = 12000 (Nmm)
- Tir cac thong sb trén, ta tinh dugc cong sudt dong co can thiét:
_12000.1600

+ Py = YIRS 2,01 (kW)

- Tinh cac thong s6 truyén dong tir dong co budc sang bd truyén vit me dai dc bi.
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+ Chon hiéu suét bo truyén dai: 4,; = 0.96
+ Chon hiéu suét truyén dong ctia mot cap b lan: N n = 0.99
+ Ty s truyén i = 0.96
Ta tinh dugc cong suit va momen xodn trén truc vit nhu sau:
+ Cong suit trén truc vit:
Piy, = Pycd. Ngai-Ms sn = 2,01.0,96.0,99 = 1,83 (kW)
+ Moment xoan trén truc vit me:
My, = Mgcd. Ngai-Ns 15n = 12.1,28.0,96.0,99 = 14,71 (Nm)
Tinh toan b truyén dai rang.
* X4c dinh module va chiéu rong dai:

+ X4ac dinh module theo cong thirc:

B L . RS
m =35 =35 |1g00 = 366 (mm)

+ P,: Cong suit trén banh dai cha dong (kW)

Trong do:

+n,: S6 vong quay trén banh dai chi dong (v/p)

Tri s6 cia m duoc 13y theo tiéu chuan. Chon m = 3 (mm)
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Modun | Budc dai | Chiéu Chiéu | Chidu | Khodng cich 1il | Goc profin | Ban kinh goe luon

cua dai p, mm | diy rang | cao ring | day dai day ring dén rang ¥, ° cua ring
m, mm nho nhit | h, mm H, mm duong trung
S, mm : binh cua Idp R Rz
chju 14 4, mm
1,0 314 1,0 08 1,6 04 50 0.2 0,2
1.5 471 1,5 1,2 22 04 50 03 03
2.0 6,28 1.8 1.5 30 0.6 50 0.4 0.4
3 9,42 3.2 2,0 40 0.6 40 0.5 05
1 12,97 EX 2,9 S0 ' UE L) o TU
S 15,71 50 35 6,5 08 - 40 1,2 1,2
7 21,99 8,0 6,0 11,0 08 40 1.5 12
A0 31,42 12,0 920 - 150 0,8 40 20 4 1.5

Hinh 4.52: Bang tiéu chudn héa tri s6 module bé truyén dai rang
* Tinh chiéu rong dai:
+ Chiéu rong dai dugc xac dinh theo cong thirc:
b =1v4m=28.3 =24 (mm)

Chon chiéu rong dai: b = 25 (mm) theo bang kich thuéc chiéu rong dai dugc tidu
chuan hoa.

Moédun

cia dai Chiéu rdng dai rang b, mm

m, mm
1 3;4;5;8;10;125
1,5 3;4;5;8;10;125;16;20
2 5;8;10;125;16; 20 -

( 3 12,5;16;20]25|32i40"50|

4 20;25;32;40;60;63;80; 100
5 : - 26;32;40;50;63;80; 100
7 40;50;63;80;100; 126
10 50;63;80;100;125;160; 200

Hinh 4.53: Bang chiéu réng dai tiéu chudn hoa.
* Xac dinh céc thong sb bo truyén.
- Tinh s6 ring ctia banh dai va khoang céach truc:
+ Ta c6 budc dai: p = 9.42 (mm).

+ SO ring cua banh dai ring cha dong: z, = 25 (ring).
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S6 rang clia banh dai bi dong: z, = i.z, = 25.1,28 = 32 (rdng)

Modun | S6 vdong quay | z; khéng nhd || Médun | S6 vdong quay | z, khong nhé
cua dai banh dai nhd hon cua dai banh dai nhd hon
m, mm n, vg/ph m, mm n, vg/ph
2 500 ... 3000 12 5 500 16
3500 ... 4500 14 1000 ... 1500 18
5000 ... 6800 16 2000 ... 3000 20
7000 ... 7500 | 18 3500 ... 4000 22
3 | 500 .. 1000 12 6 500 20
1500 ... 2000 14 1000 22
2500 ... 3500 16 1500 24
4000 ... 5000 18 2000 26
4 500 12° 5 14 T 500 20
1000 14" ; 16 1000 22
1500 ... 2000 16" ; 18 1500 24
2500 ... 3500 18* ; 20 2000 26 ... 28
Cha thich : . Dé6i véi dai dung déy kim loai.

Hinh 4.54: Bang so rang tiéu chudn

- Khoang céch truc co s cta bd truyén: a;, < a < gy
+ Khoang céach tryc tdi tiéu:
Amin = 0,5m.(z; + z,) +2m
© Apin = 0,5.3.(25+ 32) + 2.3 =91,5 (mm)
+ Khoang cach truc toi da:
Amax = 2m.(z; + 2;)
© Apax = 2.3.(25 + 32) = 342 (mm)
= Khoang céch truc co s0: 91,5 < a < 342
Vay, chon so bd chiéu dai truc co sé: a = 95 (mm)
- S rang dai: z4
2a z;+7z, (24 + 2y)?
=—+
p 2 40.a
295 25+32 (25+32)2 .
= 9,42 + > + 2095 = 49,52 (rang)
= Chon z; = 50(rdng), chiéu dai dai l; = 471 (mm)
* Tinh chinh x4c thong s bo truyén.
- Xac dinh lai chinh xac khoang céch truc co so a.
tA= g - HET o 471 - 22CE - 90253

+A= m(z; —z,)/2 = 3(25 — 32)/2 = —10,5
+ Chiéu dai truc co s& chinh xéc:

a=(2+12 - 8A2) /4

Zg
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o a= (202,53 + /202,532 — 8(—10,52))/4 = 100,71 (mm)
Chon a = 100 (mm)
- Tinh duong kinh vong chia banh dai:
+ PBuong kinh vong chia banh dai chu dong:
di = m.z; =3.25 =75 (mm)
+ Duong kinh vong chia banh dai bi dong:
d, = m.z, = 3.32 =96 (mm)
- Tinh duong kinh ngoai cua banh dai:
+ Khoang céch tir ddy rang dén dudng trung binh cua 16p chiu tai:
6 = 0.6 (mm)
+ Duong kinh ngoai cta banh dai chu dong:
dgg = m.zy — 2.6 =3.25 — 2.0,6 = 73,8 (mm)
+ Duong kinh ngoai ctiia banh dai bi dong:
dep = m.z, — 2.6 =3.32 — 2.0,6 = 94,8 (mm)

- Tinh gbéc 6m cua banh dai:
+ Goc 6m cua banh dai bi dong:
a, = 180° — [m(z, — z,)/al].57,3°
o a; = 180° — [3(32 — 25)/96,54].57,3° = 192°
+ Gbc 6m cua banh dai chull dong:
a, = 180° — [m(z; — z,)/a].57.3°
o a; = 180° — [3(32 — 25)/96,54].57,3° = 168°
- Tinh s6 rang dong thoi dn khép trén banh dai:
+ S6 rang dong thoi an khép trén banh dai nho:
zy = (2,.,)/360° = (25.192)/360° = 11.66 (rang)
+ S6 rang dong thoi an khdp trén banh dai 16n:
z; = (2z1.24)/360° = (32.192)/360° = 17.066 (rang)
* Kiém nghiém dai vé lyc vong riéng
- Hé s6 tai trong dong: Ky = 1,1

- Khéi luong 1 mét dai c6 chiéu rong 1 mm: g,, = 0.004 (kg/m, mm)
wdi.nq 1.75.1600

- Van tdc vong: v = = = 6,28(m/s)
60000 60000
e vong: F, = P00 Z 2001000 _ 456

- Hé s6 ké dén anh huong cta sb ring dong thoi an khép: €, = 1

- Hé s6 ké dén anh huong cua truyén dong tiang toc: C, = 1

- Luc vong riéng cho phép: [qo] = 10 (N)

- [q] = [q0]. Cy- C; = 10.1.1 = 10(N) ‘

- Luc vong riéng trén dai phai thdoa man diéu kién:
q = F..Kq/b + qnv* < [q]

& q =320.1,1/20 + 0,004.6,28% = 17,57(N /mm) > [q,] = 10(N)

Khong thoa man diéu kién. Chon lai chiéu rong dai b = 40 (mm)

- Lyc vong riéng trén dai:
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q = 320.1,1/40 + 0,004. 6,282 = 8,95(N/mm) < [q,] = 10(N)
— Thoa man diéu kién
* Xéc dinh luc cang ban dau va luc tac dung 1én tryc.
- Lyc cang ban dau c6 thé tinh bang cong thic sau:
F,=(1,1+1,3)E, = (1,1 + 1,3).q,,. b. v*
o F,=(1,1+1,3).0,004.40.6,28% = 6,94 + 8,20 (N)
- Lyc tac dung Ién truc c6 thé tinh theo cong thurc sau:
E. = (1,0 +1,2)F, = (1,0 = 1,2).320 = 320 + 384 (N)

* Tinh c4c thong s cua banh dai ring:
- Buong kinh dinh rang:
+ Béanh chu dong: d,y = m.z; — 2.8 = 3.25—2.0,6 = 73,8 (mm)
+ Banh bi dong: d,, =m.z, — 2.6 = 3.32 — 2.0,6 = 94,8 (mm)
- Puong kinh day rang:
+ Banh chi dong: dry = dgy; — 1,8.m = 73,8 — 1,8.3 = 68,4(mm)
+ Banh chu dong: df, = dg; — 1,8.m = 94,8 — 1,8.3 = 89,4 (mm)
- BPuong kinh vong chia:
+ Banh chu dong: d; = m.z; = 3.25 = 75 (mm)
+ Banh chu dong: d, = m.z, = 3.32 =96 (mm)
- Chiéu dai ring: B = b + m = 40 + 3 = 43(mm)
- Cac thong s6 cac cuia banh dai duoc chon theo bang sau:

Ki M6dun m, mm '

Kich thuéc cia prdfin ranh

hieu| 4t a5 | 2 [3] 4|5 | 7] 10]

| T

l i

Chiéu rong nho nhét clia rinb, mm| s | 1,0 | 1,56 | 1,8 ||3,2) 40 | 48 | 75 11,5 |
Chiéu sau rianh, mm h {1318 22|30} 40 | 50 | 85 | 125 .
Gée profin ranh, do v | 50 | 50 | 50 |40 40 | 40 [ 40 | 40
Béan kinh gde lugn, mm r, 03|04 |05 |07} 10|15 25 | 3,0

r, | 03|04 |05 |10} 1,3 |20 30 | 35
|

Hinh 4.55: Céc théng s6 cua profin ranh

e Tinh chon then.

- Chon then bang dé truyén moment xodn cho bd truyén dong dé dam béo tinh don
gian trong két cau, dé ché tao bao tri sira chira.

- Vi ché d6 1am viée c6 va dap nhe. Chon vat liéu ché tao then 1a thép c6 cac thong
s6 co hoc nhu sau:
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Dac tinh tai twn.g

Dang lép Vat ligu mayo Tinh Va dép nhe Va dap

[o4l, MPa, d6i v6i m6i ghép then

C6 dinh Thép 150 | 100 50

Gang 80 % 27
Di dong Thép 50 40 30

Hinh 4.56: Bang thong $6 d bén cia vt liéu lam then.

- Chon kich thuéc vat liéu ché tao then thao bang ti€u chuén hoa sau:

NN S W

Theo TCVN ,2261-77 ; kich thuéc : mm

Duong kinh Kich thudc ti€t dién then Chi&u sfu rénh then Bén kinh goc Iugn cia ranh r
tryc d, mm
b h trén trye 1y trén 16 nhé nhét 16n nhat
6..8 2 2 1.2 1 0,08 0,16
> 8. 10 3 3 18 1.4
> 12 4 4 2.5 18
[>122717 5 5 3 23 0.16 025 |
i T T L2 (3 35 o8
> 22.. 30 R 7 4 28
> 30.. 38 10 B8 5 33 0.25 04
> 38.. 44 12 8 5 33
> 44, 50 14 9 55 38

Hinh 4.57: Tiéu chudn héa vé kich thuée then

* Kiém nghiém diéu kién bén cit cua then.
- Buong kinh tryc:
+ Dong co: dg, = 14 (mm)
+ Vit me bi: d,,,, = 15(mm)
- Momen xo&n trén truc:
+ Bong co: Mg, = 12 (Nm)
+ Vit me: M,,,, = 14,71 (Nm)
- Ung suat dap cho phép: [o,] = 100 (MPa)
- Ung suét cit cho phép khi chiu tai trong va dap nhe:
[t.] =90.1/3 = 60 (MPa)
- Chiéu dai may o:
+ Banh dai chu dong: [,,; = 2.d4. = 2.14 = 28 (mm)
+ Banh dai bi dong: [,,,, = 2.d,, = 2.15 = 30 (mm)
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- Chiéu dai then:
+ Banh dai chua dong: [;; = 0,9.1,,; = 0,9.28 = 25,2 (mm)
+ Banh dai bi dong: [;, = 0,9.1,,, = 0,9.30 = 27 (mm)
- biéu kién bén dap cua then phai thoa man diéu kién sau:
+ Banh dai chu dong:
041 = 2Ty /[dy. lp1. (hy — t1)] < [04]
© 041 = 2.12000/[14.25,2. (5 — 3)] = 34,0136 (MPa) < [oy4] =
100 (MPa)
= Thoa man diéu kién bén dap
+ Banh dai bi dong:
Oaz = 2T, /[d3- 2. (hy — t1)] < [04]
o 04, = 2.14710/[14.27.(5 — 3)] = 38 (MPa) < [0,4] = 100(MPa)
= Thda man diéu kién bén dap.
- Piéu kién bén cit ctia then phai thoa man diéu kién sau:
+ Banh dai chu dong:
Tey = 2T1/(dy. g b) < [7]
© 1,4 = 2.12000/(14.25,2.5) = 13,605 (MPa) < [t.] = 60 (MPa)
= Thoa man diéu kién bén cit cua then.
+ Banh dai chu dong:
Tep = 2T3/(d3- li2- D) < [7(]
© 1,4 =2.14710/(14.27.5) = 15,6 (MPa) < [t.] = 60 (MPa)
= Thoa mén diéu kién bén cit cua then.
e Tinh chon 6 lan
- Trong co cdu truyén dong truc X tai trong chil yéu tac dung 1én hé thong ray dan
huéng, do d6 ma tai trong tac dung 1én co cdu vit me dai dc bi 1a khong dang ké. Mit
khac luc doc truc 12 yéu té dugc chu trong khi tinh chon 6 lan cia hé thdng truc vit me
dai 6c bi.
- Tuy nhién, trong qua trinh hoat dong can yéu cau do rung thap, d6 6n dinh chuyén
dong, kha nang chiu lyc doc truc va dam bao sy €m ai trong qua trinh van hanh cua hé
théng. Vi vay, chon 6 bi d& 2 diy bi cta hing SKF.

© R 1w .- F A , A 2 g~ ~ v 2 1< \
* Chon loai 6 lan: Vi F—a > 0,3 trén cac truc nén chon 6 diia d& — chan dé lap vao

r
cac vi ti goi do.
* Chon cap chinh xac 6 1an: D61 véi hop giam toc, thuong chon cap chinh xac ché
tao 0 lan 1a 4, d6 dao hudng tam 13 3 (um).

Cédp chinh xdc 0 6 5 4 2
D6 ddo hudng tam, pm 20 10 5 3 2,5
Gia thanh tuong déi 1 1,3 2 4 10

Hinh 4.58: Cap chinh xdc ciia 6 lin
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* Chon kich thudc 6: Thong nhét thiét ké, chon 6 bi d& long cau 2 day dé lap vao
cic gbi d5. Chon 6 bi co tén chi dinh 7207 BECBP cua hing SKF (Svenska
Kullagerfabriken - Thuy Dién) c6 cac théng sé chinh duoc hing cung cip nhu sau:

Dimensions Performance

Bore diamete 12 mm Basic dynamic load sating BEAN

Quiside diameter 33 ma Baslc static load rating 4565kN

Hinh 4.59: Théng sé 6 lan do hang SKF cung cdp.

- Tudi th 6 bi:
L =60.10%n.L, = 60.10°.1600.29200 = 280 (Triéu vong)
- Q: tai trong dong cua 6 lan.
Q = (XVF, + YF,)K K4

- Q,: Tai trong tinh cta 6 lin
Q¢ = XoFr + Yo Fy

* Tinh phan luc 6 1an tac dung 1én truc.

- Tacoé: m = 68,839 (kgf)

- Luc doc truc trung binh: E,,,, = 899,347(N)

- Xét trudng hop ban may chay vé phia 6 bi B. Ta ¢6 luc tac dung 1én:
R, =Rz =m.g/2 =1798,694/2 = 899,347 (N)

- Noi luc doc cta 0 bi: Fy; = e.R; = 1,14.899,347 = 1025,25 (N)

- Luc doc truc tac dung 1én cac 6 bi:

+:ZF = F, + FE,,/2 = 1025,25 + 899,347 /2 = 1474,9 (N)

= Chon F,,q = max(ZF,, XFg) = 1474,9 (N)

- Kiém tra:

F 1798,684
+ 1 = =2>1,14
V.Rp 899,347

+ K, 13 hé s6 nhiét do,véi nhiét d6 < 105°C, K, = 1

+ K4 1a hé s tai trong. Ché do 1am viéc va dap nhe, qua tai ngén han, va
td1 125% so vai tai trong may. Chon Ky = 1,2

+ Chon X, = 1,Y, = 0,56
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+ Heé s6 ké dén vong nao quay. Vong trong quay V = 1
+ Chon X = 0,57,Y = 0,93 tir bang sau:

- Tinh tai trong dong:
Q =(0,57.394 + 0,93.899,374).1.1,2 = 1273 (N)
- Tinh tai trong tinh:
Qo = 394 + 0,56.899,374 = 897,649 (N)
- Kha nang tai dong:

C =0Q.L =1273.Y471 = 9904(N) = 9,9(kN) < [C] = 17,6 (kN)
= Théa man diéu kién tai dong.
- Kha nang tai tinh:
Co = Qo. VL = 897,649. V471 = 6984(N) = 6,98(kN) < [C,] = 9,3(kN)
= Thoa mén diéu kién tai tinh.

s TN Single, DT DB or DF
C::;?:t '—f(":—pj— e | FofFi=e | FoJ/Fi>e | FulFise | Fu/Fi>e
¥ | ¥ | X | Y I X ] ¥l X1 ¥
01786|038| 1 | 0 |044|1.47| 1 |1.65|072|239
03s7/040| 1 | o |o044a|140| 1 |157|072|228
0.714 | 0.43 1 0 0.44 | 1.30 1 146 | 0.72 | 2.11
g0 | 107 [046| 1 | 0 [044[123| 1 |1.38(0.72|2.00
143 1047 1 | o |04a|119| 1 [134|072]|1.93
2124 |oso| 1 | o |o4al112| 1 |126|072|182
357|055 1 | o |o04al102| 1 |1.14]072|166
535 |[056| 1 | 0 |044|100| 1 112|072 163
725 | — 1068 1 | 0 |041]087| 1 092|067 1.41
3° | — |080] 1 | 0 [039]076] 1 |078]063]1.24
40° | — |114] 1 | 0 1035]057] 7 1055[05710093]

7

Hinh 4.60: Tri sé hé so tdi trong X, Y va tri s6 thuee nghiém e
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