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Cac ky hiéu sw dung de giai thich hoat dong so do:
1- A(x) = 1: phan tir A ¢ dong thr x ¢6 dién (néu 1a cudn day) hoic dong
lai (néu 12 tiép diém)
2- Ax)=0: phan tor A & dong thtr x mat dién (néu 1a cudn diy) hodc mo
ra (néu 13 tlep diém)
3- A(x.,y): phan tir A & giita hai dong x va y hoic hai diém x.y.
4- A(dl): phan tir A trén mach déng liec
Vi du:
-BG(dl) = 1: tiép diém PG & mach déng lwc dong (tr 33)
- Ky(dl) = 0 : tiép diém K, ¢ mach déng liwc mé (tr33).
- Annat M1(22) —» LDT(22) =1, —» LDT(17) = 1, + LDT(22,23) = 1:
khi an nit M1 & dong 22 thi cuén déy role LPT ¢ dong 22 ¢6 dién lam
cho tiép diém LDT & dong 17 déng, dong thoi tiép diém LPT giita dong
22va 23 dong....(tr36)
-R8(15-13) =1, + R8(1-3) = 1, — Rw(5-9): tiép diém RS ¢ giita diém 15
va 13 dong lai, dong thoi tiép dzem R8 ¢ gitta diém I va 3 ciing déng lam
cho dién tro Rw(5-9)... (tr40)



Chuong 1 ) )
TRANG BI PIEN MAY CAT KIM LOAI

May cat kim loai duoc dung dé gia cong cac chi tiét kim loai bang cach
cat bot cac 16p kim loai thira, dé sau khi gia cong c6 hinh dang gan ding
yéu cau (gia cong thd) hodc thoa man hoan toan yéu cau dit hang voi do
chinh x4c nhét dinh vé kich thudc va 6 bong can thiét ctia bé mat gia cong
(gia cong tinh).

1.1. Cac yéu ciu chinh va nhirng dic diém cong nghé diic trung cia
trang bi dién va tw dong hoa cic may cit kim loai

May cat kim loai theo s6 luong va ching loai chiém vi tri hang dau trong
tat ca cac may cong nghiép.

1.1.1. Phén logi mdy cit kim logi

May cit kim loai gdm nhiéu ching loai va rat da dang trong timg nhoém
may, nhung cé thé phan loai chung dua trén céac dac diém sau:

Phén loai may cat kim loai theo nhu hinh 1.1

MAY CAT KIM LOAI

QUA TRINH QUA TRINH TRONG LUONG DO CHINH XAC
CONG NGHE SAN XUAT KiCH THUOC GIA CONG
TIEN VAN NANG THUONG THUONG
PHAY LON
BAO CHUYEN DUNG NANG CAO
MAI
KHOAN DAC BIET RAT NANG RAT CAO

Hinh 1.1 So d6 phan loai cic may cét kim loai

- Tuy thudc vao qua trinh cong ngh¢ déc trung boi phuong phap gia cong,
dang dao , dic tinh chuyén dong v.v..., cac may cat duoc chia thanh cac
may co ban tién, phay; bao, khoan — doa, mai va cac nhom may khac nhu
gia cong rang, ren vit v.v..

- Theo dic diém cta qua trmh san xuat, c6 thé chia thanh cac may van
nang, chuyén dung va dic biét. Mdy van ning la cac mdy co6 thé thuc hién
dugc cac phuong phap gia cong khac nhau nhu tién, khoan, gia cong rang
v.v... dé gia cong cac chi tiét khac nhau vé hinh dang va kich thudc. Cac
may chuyen dung 1 cdc may dé gian coéng cac chi tiét c6 cung hinh dang



nhung co6 kich thudc khac nhau. May dac biét 1a cac may chi thuc hién gia
cong cac chi tiét c6 cung hinh dang va kich thudc.

- Theo kich thudc va trong luong chi tiét gia cong trén may, co thé chia
may cat kim loai thanh cac may binh thuong (<10.000kG), cac may c& 16n
(<30.000kG), cac may c& niang (<100.000kG) va cac mdy rat ning
(>100.000kG)

- Theo dd chinh xac gia cong, c6 thé chia thanh may c6 d6 chinh xac binh
thudng, cao va rit cao.

1.1.2 Cdc chuyén déng va cdc dang gia cong dién hinh trén MCKL

Trén MCKL, c6 hai loai chuyén dong chii yéu: chuyén dong co ban va
chuyén dong phu

Chuyén dong co ban la chuyén dong tuong dbi cua dao cit so voi phoi dé
dam bao qua trinh cat got. Chuyén dong nay chia ra: chuyén dong chinh va
chuyén dong an dao

- Chuyén dong chinh (chuyén dong 1am viéc) 1a chuyén dong thuc hién qua
trinh cat got kim loai bang dao cat.

- Chuyén dong an dao 1a céc chuyén dong x¢& dich cua dao hodc phoi dé tao
ra mot 16p phoi mai.

Chuyen dong phu Ia nhing chuyén dong khong lién quan truc tiép den qua
trinh cdt got, chung can thiét khi chuin bi gia cong, ning cao hiéu suit va
chat luong gia cong, hiéu chinh may v.v... Vi dy nhu di chuyen nhanh ban
hodc phoi trong may tién, ndi siét xa trén tru trong may khoan can, nang ha
xa trong dao trong mdy bao givdong, bom diu cta hé thong boi tron, bom
nudce lam mat v.v...

Cac chuyén dong chinh, an dao c6 thé 1 chuyén dong quay hoic chuyén
dong tinh tién cua dao hodc phoi.

Trén hinh 1-2 biéu dién cic dang gia cong dién hinh duoc thyuc hién trén
cac MCKL.

- Gia cong trén may tién (hinh 1-2a): n - toc do quay cua chi tiét (chuyén
dong chinh); v - van tdc xé dich cua dao cét vao chi tiét (chuyén dong an
dao).

- Gia cong trén may khoan (hinh 1-2b): n- toc d6 quay cta miii khoan
(chuyén dong chinh); v- chuyén dong tinh tién cta miii khoan vao chi tiét
(chuyén dong an dao).

- Gia cong trén may phay (hinh 1-2c¢): n- toc do quay cua dao phay (chuyén
d6ng chinh); v- chuyén dong tinh tién cua phoi (chuyen dong an dao).

- Gia cong trén may mai tron ngoai (hinh 1.2d): n- téc d6 quay cta da mai
(chuyén dong chinh); v- chuyén dong tinh tién ctia da mai vao chi tiét
(chuyén dong an dao).



- Gia cong trén may bao giuong (hinh 1-2e): v, vy chuyén dong qua lai
cua ban (chuyén dong chinh), chuyén dong di chuyén cua dao theo chiéu
ngang cua ban (chuyén dong an dao).
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Hinh 1-2 Cac dang gia cong kim loai trén cac may cat kim loai
a) Tién b) Khoan ¢) Phay d) Mai e¢) Bao

1.1.3. Cdc thiét bj dién chuyén dung ding trong cdc mdy cit got kim loai.
1. Nam chdm dién: thuong dung dé diéu khién cac van thuy luc, van khi
nén, diéu khién dong cat ly hop ma sat, ly hop dién tir va dung dé ham dong
co dién. Nam cham dién dung trong cic may cat got kim loai 1a nam chdm
dién xoay chiéu c6 lyc huit tir 10N dén 80N voi hanh trinh cta phan tGng (15i
nam cham) tr 5 dén 15mm.
1

NS \\\%z’ 1.Mach tir;

/ 2. Cudn day cta nam

8 N cham;
= %_‘ 5 3. Thanh dan huéng;
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4. Phan tng 16i nam

\\ \\ cham;

5. Vong ngan mach
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Hinh 1-3 Cau tao nam cham dién Hinh 1-4 Pic tinh co cua nam cham dién



Nguyén 1y 1am viéc cia nam cham dién nhu sau: khi cip ngudn cho cudn
day 2 s& xuét hién tir thong khép kin theo mach tir 1. Su tac dung twong hd
giira tir thong va dong dién trong cudn ddy sé& sinh ra mot luc kéo hat phan
mg 4 vao siu trong nam cham dién. Thanh din huéng 3 c6 chic ning gidm
hé s6 ma st gitta phan ing va mach tir, dam bao cho phan tmg khong bi hat
1éch.

béc tinh quan trong nhét ctia nam cham dién 1a dic tinh co (dac tinh luc
kéo). No biéu diém sy phu thudc gitra luc kéo sinh ra cia nam cham dién va
hanh trinh ctia phan Gng F = f(8). Pac tinh d6 duoc biéu dién trén hinh 1-4.

2. Ban tir: dung dé cip chi tiét gian cong trén cdc may mai mit phang
(hinh 1.5).

CAu tao ctia ban tir gé)m: hop sdt non 1 véi cac cuc 16i 2, cudn day 3, ban tir
4 ¢6 16t cac thm mong 5 bang vat liéu khong nhiém tir. Khi cap ngudn 1
chiéu cho cudn day, ban s€ tr¢ thanh cam cham véi nhiéu cap cuc: cuc bac
N va cuc nam S

Ban tir duoc cip ngudn 1 chidu (tri s6 dién 4p co thé 1a 24, 48, 110 va
220V voi cong suét tir 100 + 3000W) tir cac bo chinh luu dung diot ban dan.
Sau khi gia cong xong, mudn 1y chi tiét ra khoi ban phai khir tir du ctia ban
tir, thue hién bang cach dao cuc tinh ngudn cép cho ban tur.

3.Khop ly hop dién tir: dung dé diéu chinh toc do quay, diéu khién dong co
truyén dong: khoi dong, dao chleu diéu chinh téc do va ham. Khép ly hop
dién tur la khau trung gian nbi dong co truyen dong voi may cong tac cho
phép thay doi toc d6 may cong tac khi tbc do dong co khong d6i, thuong
dung trong hé truyén dong an dao cua cac may cat kim loai.

Do6i v6i hé truyén dong dn dao cua cac may cat got kim loai, yéu cau duy
tri momen khong doi trong toan dai diéu chinh toc do.

Vé ciu tao va nguyén Iy hoat dong,
nguoi ta phan biét hai loai khép ly
hop dién tu: khop ly hop dién tir ma
sat va khop ly hop dién tur truot.

a) Khép Iy hop dién tir ma sdt, cAu
tao nhu trén hinh 1-6 gdém: than
khép ly hop 3, cudn day 4, cac dia
ma sat 8§ va 9, dia ¢ép 10 va gia kep
11. T4t ca cac phan tir ké trén duoc
ga lép trén bac 16t 2 lam tir vat liu
khong nhiém tir va bac 16t dugc lap
trén truc vao 1 (truc gén vO1 truc cua
déng co truyén dong). Ngudn cip
cho cudn day caa ly hop duoc cip
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H1-6. Khép ly hop dién tir ma sat



nhu sau: cyc 4m cta ngudn duge ndi véi than cua ly hop 3, cuc duong cua
ngudn duoc cip qua choi than 7 va vanh truot tiép dién 6, con 5 1 vanh cach
dién giita cuc duong ctia ngudn va than ly hop.

Nguyén ly lam viéc ctuia khop ly hop ma sat nhu sau: khi cudn day 4 dugc
cip nguon, s& tao ra mot tir trudong khép kin qua cic dia ma sat. Tir truong
d6 tao ra mot luc hut kéo dia ma sat 9 vé than ly hop 3. Cac dia ma sat 8 va
9 an kh6p nhau. Dia ma sat 9 ndi véi truc 1 (truc dong co truyén dong), con
dia ma sat 8 ndi véi truc 12 (truc may cong tac).

b) Khép ly hop dién tir truot. Ciu tao cta né duoc biéu dién trén hinh 1-7.

Hinh 1-7 Khép ly hop dién tur truot

CAu tao cia no gom hai phan chinh:

Phan tmg 1 duoc gin voi truc caa dong co truyen dong 2 (truc chu dong)
va phan cam 3 ctia cudn day kich thich 4 dugc n6i voi truc ciia may cong tac
(tryc thy dong). Ngudn cép cho cudn day kich thich 4 la nguon 1 chiéu tiép
dién bang chdi than 5 va vanh trugt 7 lap trén truc 6.

Nguyén ly 1am viéc cua khop ly hop dién tur trugt nhu sau:

Khi cho dong co truyen doéng quay va cip ngudn cho cudn kich thich,
trong phan mg s& xuét hién stc dién dong cam tng, sic dién dong do sé
sinh ra dong dién xoay (dong Fucd). Su tac dung tuong hd gitta dong dién
trong phan g va tir thong cua phan cam s& sinh ra momen dién tir lam cho
phan cam quay theo cung chiéu voi phan tng. Hé sb truot cua khép ly hop
phu thudc vao tri s6 dong dién trong cudn kich thich va mémen cua phu tai.
Boi vdy, voi momen tai khong doi, khi ta thay d6i dong dién trong cudn day
kich thich s& thay d6i dugc toc d6 ctia may cong tac.

1.2 Chon hé truyén dong va tinh chon cong suit dong co truyén dong
ciia may cit got kim loai

1.2.1. Céc hé truyén dpng thwong diing trong mdy cdt got kim loai

1. Déi véi chuyén déng chinh cua may tién, khoan, doa, may phay... voi
tan s6 dong cat dién khong 16n, pham vi diéu chinh téc do khong rong



thuong dung hé truyén dong véi dong co khong dong bo roto 16ng séc. Diéu
chinh téc d6 trong cic may d6 thuc hién bang phuong phap co khi dung hop
toc do.

2. Déi véi mot so mdy khdc nhu: may tién Rovonve, may doa ngang, may
soc rang... yéu cau pham vi diéu chinh téc do rong hon, hé truyén dong tryc
chinh dung h¢ truyen dong voi dong co khong d6ng bo hai hoic ba cap tbe
d6. Qua trinh thay doi tbc do thuc hién bang cach thay d6i so d6 ddu day
quin stato ctia dong co dé thay doi sé do6i cuc v6i cong suat duy tri khong
doi.

3. Poi voi mot $6 mdy nhw: may bao giuvong, may mai tron, may doa toa do
va hé truyén dong an dao cua mot s6 may yéu cau:

- Pham vi diéu chinh téc d6 rong.

- Pao chiéu quay lién tuc.

- Tan s6 dong cat dién 1on.

Thuong dung hé truyén dong mot chiéu (h¢ may phat - dong co di€n mdt
chiéu F - B, hé may dién khuéch dai - dong co dién 1 chiéu MPKD - D, h¢
khuéch dai tir dong co dién 1 chiéu KDT - D va bd bién doi tiristo - dong co
dién mot chiéu T-D) va hé truyén dong xoay chiéu dung bo bién tan.

1.2.2 Cdc tham sé dic trung cho ché dp cit got trén cdc mdy cit got kim
loai

Céac tham s6 dic trung cho ché do cat phu thudc vao yéu td cta diéu kién
gia cong nhu: chiéu sdu cat t, lugng an dao s (hinh 1-2), bé rong phoi b, do
bén dao cit T, vat liéu chi tiét, hinh dang va vat li¢u dao, diéu kién lam
mat...Céac tham s6 d6 duoc xac dinh theo cong thirc kinh nghiém tng voi
tung nhom may.

1.Téc do ct: 1a toc d6 chuyén dong dai twong ddi cta chi tiét so véi dao
ct tai diém tiép xuc giira chi tiét va dao

Tbc d6 phu thudc vat liéu gia cong, vat liéu dao, kich thudc dao, dang gia
cong, diéu kién 1am mét v.v.... theo cong thirc kinh nghiém

NI [m/ph]  (1-1)

T t's

Trong dé

t: chiéu sau cit , mm;

s: lugng an dao, 1a do dich chuyén ctia dao khi chi tiét quay duoc mdt
vong, mm/vg

T: d6 bén cia dao 1a thoi gian lam viéc cua dao giira hai 1an mai dao ké
tiép, ph

Cy, Xy, Yy, m 12 hé s6 va sb mil phu thudc vao vat liéu chi tiét, vat liéu dao
va phuong phép gia cong



2. Lyec cdt - trong qué trinh gia cong, tai diém tiép xuc giita chi tiét va dao
c6 mot lyc tac dung F , lyc ndy dugc phan ra 3 thanh phan (hinh 1-2a):

- Luec tiép tuyén (lyc cit) F. 1a luc ma truc chinh (truyén dong chinh) phai
khic phuc.

- Luc hudng kinh F; tao ap luc lén ban dao.

- Lyc doc truc . ma co cdu dn dao phai khic phuc.

F=F +F,+F. [N] (1-2)
Dé tinh toan luc cat, ta dung cong thic kinh nghiém sau:
F, =9,81Cp.t':.8r. V" [N] (1-3)

Trong d6: Cp,t%r, s”p,n — 13 hé s6 va sé mil phu thudc vao vat liéu chi tiét
gia cong, vat liéu lam dao va phuong phap gia cong.
Cac lyc con lai Fy, Fy cling dugc xac dinh theo cong thuc tuong ty nhu
cong thuc (1-3)
Khi tinh toan so bd c6 thé 15'1y Fy va F, theo cac ty 1¢ nhu sau:
F,.FyFy=1:0,4:0,25 (1-4)
3. Céng sudt cdt: (cong suit yéu cdu cia co cau chuyén dong chinh) duoc
xac dinh theo cong thuec:
F. v
* = 60.1000 (kW] (1-5)
Trong do: F, - luc cat, N;
v - toc do cit, [m/ph].
4.Thoi gian mdy 1a thoi gian dung dé gia cong chi tiét, con goi 1a thoi gian
cong nghé, thoi gian co ban hodc thoi gian hitu ich. Dé tinh toan thoi gian
mdy, ta cin c vao cac tham s dic trung cho ché do cat got goi 1a phuong
phép gia cong trén may.
Vi du: d6i voi may tién:
t === [ph]  (1-6)
n.s
Trong do: L - chiéu dai cua hanh trinh 1am viéc, mm;
n - toc d6 quay cta chi tiét (toc d6 quay ctia mam cip), ve/ph.
s - lugng an dao, mm/vg;
Néu thay vao biéu thirc (1-6) gia tri cua:

60.10° v
n=— [vg/ph]  (1-7)
Trong d6: d - dudng kinh chi tiét gia cong; mm.
Ta co:
L

[s] (1-8)

m

T 60.10%vs
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Tir biéu thire (1-8) ta nhan thay rang muon ting nang suat ctia may (giam
thoi gian cong nghé t,,) phai tang toc d6 cat v va luong an dao s.

1.2.3. Phu tdi ciia dpng co truyén dpng cdc co ciu dién hinh trong cdc
mdy cit got kim logi

1. Co cdu truyén déng chinh

Trong truyén dong chinh cac may cit got kim loai, luc cat 1a hitu ich, nd
phu thudc vao ché do cit (t, s, v) vat lidu chi tiét gia cong va vat liéu 1am dao

Dbi v6i chuyén dong chinh 1a chuyén dong quay nhu ¢ may tién, phay,
khoan, doa va may mai, momen trén truc chinh cua may dugc xac dinh theo
cong thtc:

M. = Ed Nm]  (1-9)
Trong do: F, - luc cat, N; ’
d - duong kinh cua chi tiét gia cong [m]
Momen hitu ich trén dong co 1a:
My =2 L Nm]  (1-10)
I/ 1

Pbi véi chuyén dong chinh 1a chuyén dong tinh tién, vi du nhu chuyén
dong di chuyén ban trong may bao givong, chuyén dong cua dao trong may
soc, may bao ngang v.v...Momen tinh tién hiru ich la:

My =F,.p [Nm] — (1-11)

Trong do: p la ban kinh qui d6i luc cat vé truc dong co, dugc xac dinh
bang ty sb gitta tbc d6 di chuyén tinh tién va tbc do cta dong co truyén
dong:

\%
= N. 1' 12
P= o [7 m] (1-12)
Momen cdn tinh trén truc dong co dugc xac dinh theo biéu thic sau:
m, M N.m]  (1-13)
n

2. Co cdu truyén dong an dao

Trong hé truyén dong an dao, dong co thuc hién di chuyén ban dao, hoidc
dich chuyén chi tiét dé thuc hién duoc qué trinh cat got. Hé truyén dong an
dao dugc thuc hién bang nhiéu phuong an khac nhau. Phuong an dién hinh
1a co cau an dao kiéu truc vit — écu. So dd dong hoc cua co cu an dao do
dugc bicu dién trén hinh 1.8

Luc an dao khi ban dao hodc ban cip chi tiét khai hanh duoc tinh theo biéu
thirc sau:

ado (Gb + Gct)fO + “S [N] (1'14)
Trong do: G, - khoi luong cua ban, N
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G khéi luong cua chi tiét, N;

fo - hé s6 ma sat khi ban dao trugt trén g0 truot
fo = (0,2 + 0,3) khi khoi dong ban dao;

fo = (0,08 = 0,1) khi cat got;

1L - ap suat dinh thuong 1ay bang 0,5N/cm’

5
1 2
! Haas 4 :
7 :
i Dty 3 T % t
_"':|'|_ = ) / N N
| —
M dyy
n w 7
{ 1
7
v Fx

Hinh 1-8. So d6 dong hoc ctia co cdu an dao
1. dong co di¢n; 2. hop toc dg; 3. truc vit vo tan; 4. Ecu; 5. Ban dao; 6. GO truot

Luc an dao khi cit got dugc tinh theo biéu thuec:

Fo.a = (Gp + Go)f + as [N] (1-15)
Momen trén tryuc vit vo tan dugc tinh theo cong thire sau:
- khi khoi dong M4,

Mado _ Fado 'dzbti(a + ,0) [Nm] (1 -16)
- khi cdt got

Mad — Fad 'dthtg(a + ,0) [Nm] (1_17)

2
Trong d6: o - goc nghiéng cua ren vit vo tan;
p = arctg(f) - gdbc ma sat cua tryc vit vo tan;
dy, - duong kinh trung binh cta truc vit vo tan, m.

1.2.4. Tinh chon céng sudt dong co truyén dong cdc co ciu ciia mdy cit
kim logi

1.Nhitng vén dé chung

Viéc chon ding cong suat dong co truyen dong la het suc quan trong.

Néu chon cong suit dong co 16n hon tri s6 can thiét thi von dau tu s€ tang,
dong co thuong xuyén lam viéc non tai, lam cho hiéu suat va hé s6 cong suit
thap. Néu chon cong suat dong co nho hon tri s6 yéu cau thi may sé khong
dam bao nang suat can thlet dong co thuong phai chay non tai, lam giam
tudi tho dong co, ting phi ton van hanh do sira chita nhiéu.
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2. Cdc s6 liéu ban dau

Pé tinh chon dugc cong suit dong co, can phai co cac s6 liéu ban dau sau:

a) Cac thong so ciia ché dj lam viéc cua mdy bao gom:

- Céc thong s6 dic trung cho ché do cat got la: tdc do cat, luc cat hodc cac
thong s6 ctia ché do cét got nhu chiéu sau cit, lugng an dao, vat li¢u duogc
gia cong , vat lidu dao v.v... , trong luong chi tiét gia cong, thoi gian lam
viéc, thot gian nghi

- Khéi lugng cua chi tiét gia cong.

- Thoi gian lam viée va thoi gian nghi.

b)Két ciu co khi ciia mdy bao gom:

- So d6 dong hoc cia cac co cau.

- Khéi luong cac bd phan chuyén dong.

3. Cdc bucc chon cong sudt dong co

Qua trinh chon cong suat dong co c6 thé chia 1am 2 budc sau:

a) Burée I: chon so bd cong suit dong co truyén dong theo trinh tr sau:

+ Xac dinh cong suét hodc momen tac dung trén truc lam viéc cua hdp tdc
d6 (P, hoic M,). Néu trong mot chu ky, phu tai ctia truyén dong thay doi thi
phai xac dinh P, (hoac M,) cho tAt ca cac giai doan cho ca chu ky . Mbi loai
may c6 cac cong thirc riéng dé xac dinh. Co thé cho trude P, hodc M,

+ Xéac dinh cong suét trén truc dong co di¢n va thanh 1ap dd thi phu tai
tinh: mudn thanh 1ap d6 thi phu tai cho truyén dong trong mét chu ky, ta
phai xac dinh cong suat hodc momen trén truc dong co va thoi gian lam viéce
ung véi tirng giai doan

- Cong suat trén truc dong co xac dinh theo biéu thic:

PZ
n

Trong d6 1 13 hiéu suat ctia co cau truyén dong ung voi phu tai P,

- Thot gian lam vi€e cua tung giai doan co thé xac dinh tuy thudc diéu kién
lam viéc cua ting co cau truyén dong nhu khoang duong di chuyen cua bo
phan lam viéc, toc do lam viéc, thoi gian 1am viéc hodc diéu khién may
v.v... Trong do6 co6 thoi gian hitu cong (thoi gian lam viée thyc sy) va thoi
gian vo cong (thoi gian 1am viéc khong tai, diéu khién may, chuyén doi trang
thai lam viéc v.v...) Thoi gian hitu cong dugc xac dinh theo cong thirc ing
v6i timg loai may. Thoi gian vo cong dugc 14y theo kinh nghiém van hanh.

+ Dya vao dd thi phu tai tinh da xay dung & ph?m trén, tién hanh tinh toan
chon dong co nhu da néu trong giao trinh TBb

- Khi ché d6 lam viéc 1a dai han, phuy tai bién d6i (loai bién doi) dong co
thuong dugc chon theo dai luong trung binh hodc dfmg tri

- Khi ché d6 lam viéc 1a ngén han lap lai, dong co dugc chon theo phu tai
1am viéc va hé sb dong dién tuong dbi.

P =
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- Khi ché d6 lam viéc 1a ngén han, dong co dugc chon theo phu tai lam
viéc va thoi gian co tai trong chu ky.

b) Budc 2: kiém nghiém dong co theo nhiing diéu kién can thiét. Tuy
thudc vao dic diém cia co cu truyén dong ma dong co da chon dugc kiém
nghiém theo diéu kién phat néng , qua tai va mo may.

Pé kiém nghiém theo diéu kién phat nong, ta xay dung d6 thi phu tai toan
phan bao gdm phu tai tinh va phu tai dong. Phy tai dong cua dong co phat
sinh trong qué trinh quéa do6 (QTQD) va duoc xac dinh tir quan hé:

M, =g %@ do
T odt
Trong dé

Js 12 momen quan tinh cta toan bo hé thong truyén dong qui d6i vé truc
dong co dién

dw/dt gia toc cta hé thong.

Sau khi 1ap do thi phu tai toan phan i=fi(t); M= fy(t); P= f3(t) hodc d6 thi
tén hao trong dong co AP= fy(t), theo dai luong dang tri hodc t6n hao trung
binh, ta kiém nghiém diéu kién phat nong. Néu thoi gian QTQD khong dang
ké so véi thoi gian lam viéc 6n dinh va dong co da dugc chon so bd theo
phuong phap dang tri thi khong can kiém nghiém theo diéu kién phat nong.
Chuy y 1a dbi voi cac dong co lam viéc & ché do ngén han 1ap lai, tr1 s6 PM%
phai 1iy theo dd thi phy tai toan phén.

Khi kiém nghiém theo diéu kién qua tai, dbi voi dong co khong ddng bo,
can xét téi hién tugng sut ap ludi dién. Thong thudng cho phép sut ap 10%,
nén moémen t4i han ctua dong co trong tinh toan kiém nghiém chi con:

= (90%)*Mam = 0,81 Mg

M 12 momen t6i han theo s liéu cia dong co dién.

O nhitng co cdu truyén dong doi héi mé mdy cé tai nhu co cau ning ha xa,
di chuyén ban, dong co can kiém nghiém theo diéu kién mo may.

Ngoai ra con phai kiém nghiém dong co theo diéu kién dic biét do yéu cau
diéu chinh tdc do va han ché gia tde.

1.3. Piéu chinh toc dd trong cac may cat kim loai

Be nhan dugc cac ché do cat khac nhau dam bao cac qua trinh cong nghé
t01 wu, can phai diéu chinh tbc d6 truyén dong chinh va in dao. Diéu chinh
tdc do cac may co thé thuc hién bang ba phuong phap: co, dién — co va dién.
Deu chinh tbc d6 bang co la phuong phap diéu chinh c6 cap v6i su thay do6i
ti s0 truyén trong hop toc do. Piéu d6 c6 thé thuc hién bang tay hodc tir xa:
bang khdp ly hop dién tir, thuy luc v.v.. . trong truong hop nay dong co
dugc s dung khong ddng b0 roto long soc. Diéu chinh téc d6 bang phuong
phap dién co 1a diéu chinh téc d6 bang cach thay doi toc d6 dong co va thay
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d6i ti sb truyén cua hop téc do. Pong co dién c6 thé 1a dong co khong dong
bd nhiéu toc do hodc dong co mot chidu. Piéu chinh dién 1a thay d6i téc do
may chi béng thay ddi toc do dong co dién. Pong co dién mot chiéu cho
phép diéu chinh téc d6 don gian, tron hon so véi dong co dién xoay chiéu,
giam nhe két céu co khi ciia may.

Khi giai quyét van dé diéu chinh téc d6 truyén dong chinh va an dao
MCKL can phai quan tam dén cac chi tiéu sau:

1. Pham vi diéu chinh toc d9: ti s tdc do gbc lon nhét ®,,, va toc do g6c
nho nhét cta chi tiét o,

D, =% (1-19)
a)min
Pbi v6i chuyén dong tinh tién
V
D, = 1-20
' Vmin ( )
Pbi voi chuyén dong an dao 14 ti s6 lugng an dao 16n nhét va nho nhat
D, =" (1-21)

N

min

2. D6 tron diéu chinh toc do: 1a ti s gitra hai gid tri ké nhau cta tc do:
p=—"1 (1-22)

Trong d6: ©;, o la tbc do cép thiri1vai1+1
N6 duogc xac dinh bang cong thirc sau:
(D = z—] _a)max = ZT\I/B (1'23)

(0]

main

Trong d6 : z s6 cap téc dd cta may.
Céc gia tri chuan cua d6 tron diéu chinh duoc sir dung trong truyén dong
cua MCKL la: ¢ =1,06; 1,12; 1,26; 1,41; 1,58; 1,78; 2
3. Su phu hop gitra dac tinh cua hé théng va dac tinh cta phu tai
Dic tinh co ciia co cau san xuat duoc khai quéat bang phuong trinh:

q
M, =M, +(M, +M0)( @ ] (1-24)
dm
qla s6 mii tuy thudc vao loai may [-1, 0, 1,2]
Ta chi xét hai truong hop q = 0 va q = -1éng vdi truyén dong an dao va
truyén dong chinh MCKL
q=0taco M=Mgy, =const ung véi truyén dong in dao
q=-1ta cd M= 1/o (P= const) ing véi truyén dong chinh
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Trong thyc té, dic tinh co ciia may khong gitr duge ¢6 dinh theo qui luat
trong toan b pham vi diéu chinh tdc d6 ma thay doi theo diéu kién cong
nghé hodc diéu kién tu nhién.

- Béi véi truyén dong chinh MCKL, n6i chung cong suat khong dbi khi toc
do thay ddi, con momen ti 1& nguoc voi tdc do . Nhu vay & tbc do thép ,
momen c¢6 thé 16n. Do d6 kich thuéc cua cac bd phan co khi phai chon 16n
lén , diéu d6 khong c6 lgi. Mat khac, thuc té san xuét cho théy r?mg cac tbe
do thép chi dung cho cac ché do cét nhe, nghia 1a M, va P, nhd. Vi vay &
vung toc d6 thap ngudi ta giit momen khong ddi con cong suét cit thay doi
theo quan h¢ bac nhat voi toe do

- Pbi voi truyén dong dn dao MCKL, ndi chung momen khong d6i khi
diéu chinh toc dd. Tuy nhién ¢ vung tdc do thap, luong dn dao s nho, luc cat
bi han ché boi chiéu sau cat t6i han t. Trong ving nay khi tbc do an dao
giam, luc an dao va momen an dao ciing giam theo. O tdc @6 cao, twong tng
toc do v, cua truyen dong chinh ciing phai 16n, néu giit Fuq 16n nhu cii thi
cong suit truyén dong s& qua 16n. Do d6 cho phép giam nho luc an dao trong
ving nay, momen truyén dong in dao ciing giam (h1.9)

AF, AF,, AMP

M

Vad

Vgn \ 'V, V2 Wmin Ewgh Wmax 1 W
» ! 1 »

v

1.9 D6 thi dac tinh phu tai cia MCKL 1.10 Quan hé M(w), P(w) cla
DM g khi thay d8i Uy wva ®

Mot hé théng truyén dong dién c6 diéu chinh goi 1a t6t néu dic tinh diéu
chinh ctia né gidng dic tinh co ctia may. Khi d6 dong co duge st dung mot
cach hop 1y nhat, ta c6 thé lam viée ddy tai & moi toc do. Nho d6, hé thdng
dat duoc cac chi ti€u nang lugng cao. No6i cach khac, co thé lya chon dong
co ¢6 kich thude nhé nhat cho may.

Pic tinh diéu chinh cta truyén dong dién 1a quan hé giita cong sudt hodc
momen cua dong co vdi tbc d6. Vi du ddi voi dong co dién mat chiéu kich
tir doc 1ap, khi diéu chinh dién 4p phan ung va giit tir thong khong d6i, ta co:

M =k®I,=const, P=Mo = o
Khi diéu chinh tir thong, giir dién ap phan g khong doi thi:
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M =kdIl,~ 1/w; P =Mowm = const

Két hop ca hai phuong phap diéu chinh ta c6 d6 thi nhu hinh 1.10. Pac
tinh diéu chinh ¢ ving nay c6 dang giéng nhu dic tinh co cua truyén dong
chinh MCKL

4) Po 6n dinh toc do: d6 1a kha nang giit toc do khi phu tai thay doi.
Puong dic tinh co cang cung thi d6 6n dinh cang cao. N6i chung truyén
dong an dao yéu cau Aw% < 5 = 10% ; truyén dong chinh yéu cau Ao% <
5+15%

5) Tinh kinh té: xét dén gia thanh chi phi van hanh, ton hao ning luong
trong qué trinh 1am viéc on dinh va QTQD. Ngoai ra con phai danh gia mirc
d6 tin cdy, thuan tién trong van hanh, dé kiém vat tu thay thé.

1.4. Piéu khién chwong trinh s0 cAc may cat got kim loai

1.4.1. Khdi niém co bén vé diéu khién chwong trinh soé

1. Khdai niém va dinh nghia

Khi gia cong trén cac may cit kim loai thong thuong, cac budc gia cong
chi tiét do nguoi thg thue hién bang tay nhu: diéu chinh s vong quay, luong
an dao, kiém tra vi tri cia dung cu cat dé dat kich thudc can gia cong trén
ban vé v.v...

Nguoc lai, trén cdc may cit got diéu khién theo chuong trinh 30, qua trinh
gia cong dugc thuc hién mot cach ty dong theo chuong trinh da thiét ké
trude. Chuong trinh duoc thiét ké bang nhiéu phuong phap khac nhau. Vidu
nhu cic may chép hinh ding dé gia cong cac chi tiét c6 bé miat khong gian
phtrc tap (canh tua bin, khuén dap c6 cau hinh phtrc tap), chuong trinh cho
trude duge thiét ké dudi dang cac vat miu. Qua trinh gia cong trén cac may
chép hinh thyc chat 1a qua trinh chép nguyeén mau theo vat mau. Tuy nhién,
tinh linh hoat ctia cac may khong cao. Muédn thay d6i loai chi tiét dé gia
cong, phai thay doi hinh | dang, vi tri, sO luong va qui luat chuyén dong cua
cac bo phan cam, vat mau, vi tri cong tic hanh trinh ...Nhu vay viéc chinh
may phtrc tap, ché tao vat mau mat nhiéu thoi gian.

Dé khic phyc nhitng khuyét diém trén ctia may chép hinh, trong cac may
diéu khién theo chuong trinh $0, chuong trinh dua vao cac thiét bi diéu
khién sb dung céc bang duc 16 hoac bang tur. Cac bang do thuc hién chuc
ning 1a mot bo mang chuong trinh gia cong dudi dang mot chudi cac 1énh
diéu khién. Hé thong diéu khién s6 c6 kha nang thuc hién cac 1énh d6 va
kiém tra ching nhu mdt hé théng do, su dich chuyén cua cac ban truot ctua
may.

Nhu vay, diéu khién sd (Numerical Control - NC) 1a mdt hinh thirc ddc biét
cua tu dong hod ma cu thé 1a cac may cat got tu dong duoc 1ap trinh dé thuc
hién mot loat cac hoat dong & mot ché d6 dugc xac dinh truéc nhim tao ra
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mot chi tiét co kich thudc, hinh dang va cac thong sb cong nghé co thé du
doén trudc.

Céac may cat got kim loai diéu khién theo chwong trinh s6 goi 1a may NC
hodc cac may CNC (Computer Numerical Control).

Mot may cat got kim loai NC gé)m hai bd phan chinh: B diéu khién may
(The Machine Control Unit - MCU) va ban than may cit got kim loai. Bo
MCU gdm hai thanh phan: bo xur 1y dit lidu (The Date Proccessing Unit -
DPU) va b diéu khién 1ap lai (Control Loops Unit — CLU).

DPU c6 chic nang xtr 1y dir liéu va ma hod, nhiing dit li¢u nay duoc doc tir
bd mang chuong trinh va phan anh cac thong tin vé: Vi tri cia mdi truc,
chiéu chuyén dong, ty s6 tién dao va céc tin hiéu diéu khién cac chirc ning
phu t&1 CLU.

CLU c6 chitc niang diéu khién cac co cdu chuyén dong cta may.

So d6 khéi cia mot may cat kim loai diéu khién sé biéu dién trén hinh 1-11

BV

GCT GM Kb CH M

BV CB

Hinh 1-11. So d6 khoi may diéu khién chuong trinh s0

BV - ban d6 chi tiét gia cong; GCT- khoi chuén bi va ghi chuong trinh; CN - cac thong
s0 cong ngh¢; GM - bo giai mé; KD - khoi khuéch daj; CH - co cau chap hanh; M - may
cat got kim loai; CB - bd cdm bién céc tin hi¢u phan hoi.

Bo ghi chuong trinh gdm hai khau chinh:

Khau chuin bi chuong trinh va khau ghi chuong trinh di dugc chuan bj
vao bd mang chuong trinh. Dé thiét 1ap duoc chuong trinh, cac dit liéu can
co la:

- Ban v& chi tiét gia cong.

Thong sé cong nghé cua chi tiét gia cong gom: kich thude, vat liu, do
chinh xac gia cong.

- Céc loai dao cit yéu cau.

- Cac loai do ga.

- Cac thong s6 cit got: chiéu sdu cit t, lugng an dao s, va tbc d6 cat v.

2. Hé thong diéu khién.

Cac hé théng NC dau tién ra doi do sy can thiét ché tao cac chi tiét cua
may bay voi sé lugng khong nhiéu. Trong hé théng NC, cac thong s hinh
hoc ctia chi tiét va cac 1énh diéu khién may dugc dua ra 1a ddy cac con sé.
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Pua dir liéu vao

Bang duc 16 = Ban phim =l béng tay
) @ Hiéu chinh dung cu
|

[ x& dich diém 0
Tinh toan kiém tra giai ma
Luu gilr théng tin Lénh diéu khién
vi tri may
B0 so sanh tri s6 thuc B6 néi suy Bi_eu
va tri 88 cho trudc i khién
NC
B& khué&ch dai cac thang tin dich chuyén
va diéu khién may
Tri _
s6 !
thuc -
Diéu khién thich nghi
F 3
Lénh diéu Tr 56‘
khién may cho truéc

g | May

NC

Hé théng do Hé thdng
dich chuyén truyén déng

Hinh 1-12 So d6 khoi diéu khién chirc ning cta hé théng diéu khién NC

So dd khdi chtrc nang hé théng diéu khién NC goém co cac bo phan chinh
sau:
+ Nap dir liéu vao hé théng gdm ban phim va bang duc 16 (hoic bing tir).
Toan bo cac chi dan gia cong duoc in vao bang duc 16 (hoic biang tir) dudi
dang cac cau 1€nh chuong trinh.

+ Heé théng diéu khién thuc hién chirc ning xtr 1y dit liéu va dua ra dir liéu.

+ B0 thich nghi 1a mot mét xich ndi gitra may NC vao hé thong diéu khién
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b) Hé thong diéu khién CNC

Hé théng diéu khién NC c6 nhuge diém 1a kém linh hoat. Mubn thay doi
chuong trinh phai lam lai bang duc 16 hoic thay bang tir khac. Hién nay de
khac phuc nhuge diém trén, dung hé thong diéu khién CNC, so d6 khdi chuc

ning duoc biéu dién trén hinh 1-13

= Ban phim c6 In chu trinh

Bang duc I R L ) n chuong trin

: ; man hinh @ (2. pua dir lidu vao
| |

Chuong trinh vao/ra
5 gL Chuong
Chuong trinh gidi ma trinh
gia i
Chuong trinh diéu hanh bd cfng '?1'.3“
luu gir chuang trinh =
9 9 CNC
‘Chuong trinh in
= Chuong trinh néi suy
Luu gilr chuong trinh
Bo6 khuéch dai cac théng tin dich
chuyén va diéu khién may
Biéu khién thich nghi
[
May
NC

Hinh 1-13 So dd khdi chtrc ning cta hé thdng diéu khién CNC
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+ Nap dit liéu vao hé théng

Trong hé théng diéu khién CNC chuong trinh gia cong c6 thé dua vao
trong hé thong diéu khién thong qua bang diéu khién c6 man hinh.

+ Hé thong diéu khién CNC

Chuong trinh gia cong da dua vao by gio ¢ thé goi ra bat cir lic nao tir
bd nhé chuong trinh. Thay doi, stra chira chuong trinh c¢6 thé thuc hién ngay
trén may. Céac ciu l1énh co thé bd sung, thay thé.

+ B0 thich nghi.

Bo thich nghi trong cac hé diéu khién NC thong thudng 1a mot bd chuyén
doi lién dong. Trong h¢ diéu khién CNC, bd chuyén doi lién dong nay duoc
thay thé bang mot bd diéu khién chuong trinh luu giir, bd diéu khién nay
duoc nbi vi may tinh.

1.4.2. Cic dang diéu khién

Trén cic may cat got kim loai diéu khién theo chuong trinh sb, quing
duong di cua cac dao cat hodc cua cac chi tiét da duoc cho trudc mét cach
chinh xé4c thong qua céc chi dan diéu khién trong chuong trinh NC.

Tuy theo dang ctia cac chuyén dong giira cac diém dau va diém cudi cua
quing duong di ndy , ngudi ta chia 1am ba dang diéu khién:

1. Piéu khién theo diém

Piéu khién theo diém duoc ung dung khi gia cong theo cac toa d¢ xac dinh
don gian (nhu may khoan — doa). Dao cit s& thuc hién chay nhanh dén cac
diém da duoc 13p trinh, trong hanh trinh nay dao khong cat got vao kim loai,
chi khi dao dén dang toa dg, qua trinh cat got méi duoc thuc hién theo luong
an dao da duogc 1ap trinh (hinh 1-14)

_____ o
_____ s

:> Chay dao cit

> Chay dao nhanh

Cac duong chay Céac dudng chay
khi phay khi tién

Hinh 1-14. Diéu khién theo diém Hinh 1-15. Diéu khién theo duong
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2. Piéu khién theo dwong

Diéu khién theo duong tao ra cac duong chay song song véi cac truc cua
may. Trong khi dao chay déng thoi thue hién cét got lién tuc tao nén bé mat
gia cong (hinh 1-15)

3. Piéu khién theo dwong vién

Bang diéu khlen theo dudng vién, phuong phap diéu khién nay co thé tao
ra cac duong vién hodc dudng thing tuy y trong mat phang hodc trong
khong gian. Piéu d6 dat duoc nhd sy chuyén dong dong thot cia cac ban
trugt theo hai hodc nhiéu chiéu va gifra c4c truc chuyen dong d6 co6 quan hé
ham s (hinh 1-16)

Pidu khién dudng vién 2 D Diéu khién dudng vién 2%[3 Pidu khién dudng vién 3D

Gia cong trong

ZaY ZaY mit phéing Y/Z

Zay
% Iz

Iz

—_— e — —
l z Gia cing trong
— ri X mat phéng XY

Hinh 1-16 Piéu khién theo duong vién

a) Diéu khién duong vién 2D. Cho phép thuc hién mot dudng vién nio d6
ctia dao cat trong mot mit phang gia cong X-Y.

b) Piéu khién duong vién 1/2D. Cho phép thuc hién mot duong vién nao
d6 ctia dao cit trong mot mat phang gia cong X-Y sang mit phang Y-Z.

¢) Piéu khién dudng vién 3D. Bang diéu khién duong vién 3D, cho phép ta
thue hién dugc cac chuyén dong ciia dao cét trong khong gian ba kich thudc
X-Y-Z

1.4.3 Ldp trinh gia cong trén cac may NC va CNC

1. Cac dinh nghia

a) Mot chuong trinh dugc tao nén bdi mot chudi cac 1énh khién cho mot
may tinh hay mot may NC tién hanh cong viéc gia cong xac dinh. Dbi voi
mot mady NC, cong viéc nay la ché tao mdt chi tiét cu thé béng chuyén dong
tuong doi gitra dao cat va chi tiét.

b) Qua trinh thiét 1ap cac chudi 1énh cho cic dao cit tir ban vé& chi tiét gia
cong, cung véi su phat trién cac 1énh chuong trinh cu thé va sau d6 chuyén
tat ca cac thong tin nay sang bd phan mang dir liéu duoc ma hoa dic biét cho
mot hé théng NC va c6 thé doc ndé mot cach tu dong duoc goi la lap trinh.
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2. Noi dung cua chuwong trinh NC

Noi dung ctia chwong trinh duge cdu thanh tir mot s6 khdi mo ta qua trinh
hoat dong ctia may bﬁng cac buodc hoac cac cau lénh.

Trong mdi khi c6 thé bao gém cac 1énh khac nhau, cé cac kiéu 1énh sau:

- Cac 1énh hinh hoc diéu khién chuyén dong twong ddi giita dao cit va phoi
la ABC...XYZ.

- Céc 1énh cong nghé qui dinh ty sé budc tién (F), s6 vong quay cia truc
chinh (S) va céac loai dao cit (T).

- Cac 1énh chuyén dich lya chon dao cét (T), cac I¢nh phy khac (M) v.v...

Hé théng dia chi thudng 1a mot chit cai qui dinh céc gid tri bang sd va sau
d6 luu gitr lai. Mdi dia chi dugc xuat hién trong mot khoi.

3. Cdc budc lgp chuong trinh

Qua trinh 1ap chuong trinh dugc thyc hién theo cac budc sau:

a) Chudn bi dir liéu (théng tin vé cong nghé)

Pé lap duoc chuong trinh can c6 cac dir liéu vé cong nghé nhu: kich thugc
va vat liéu chi tiét gia cong, do chinh xac gia cong, dao cit, dd goc, céac
thong sb dic trung cho ché tao cit got.

b) M6 ta todn hoc: V& lai cac ban vé chi tiét gia cong, trén d6 ghi day du
cac kich thuége, dic diém cong nghé, dac diém diéu khién theo tung nguyén
cong.

¢) Mad hod cdc dir liéu: Cac s lidu vé ché do gia cong duoc bién doi thanh
dang mi hoa theo tiéu chuan. Pé tién hanh ma hoa dit liéu theo chuong
trinh, can ndm bét cic khai niém sau:

+ Tao khuén: 1a thiét lap cac 1énh diéu hanh thudc phan cung trong d6
thong tin diéu hanh d3 dugc ma hoa. S6 luong cac con sb can dung phy
thudc vao tung kiéu cac hé théng diéu khién sd.

+ Heé théng dia chi: 1a nhimg ky tu cho phép thong nhat v&i chirc ning dam
bao boi hé thong diéu khién sé. Pia chi dugc ghi bang chir cai tiéu chuan
nhu trong bang 1.1.
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Bang 1.1 Bang chir cai tiéu chuan ghi hé thong dia chi
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Y nghia

Chuyén dong xoay xung quanh tryc X

Chuyén dong xoay xung quanh truc Y

Chuyén dong xoay xung quanh truc Z

Bd nhd hiéu chinh dung cu cat

Luong chay dao thir hai

Lugng chay dao

Diéu kién chuyén dong

Co thé su dung tu do

Thong s0 ndi suy song song voi truc X

Thong s0 ndi suy song song voi truc Y

Thong s0 ndi suy song song voi truc Z

Co thé s dung tu do

Chirc nang phu

S6 thir tu cau l1énh

Co thé su dung tu do

Chuyén dong thtr ba song song véi truc X

Chuyén dong thtr ba song song véi truc Y

Chuyén déng thir ba song song vO1 truc Z hoic chuyén dong nhanh theo truc Z

S6 vong quay cua truc chinh

Dung cu cat

Chuyén dong thtr hai song song véi truc X

Chuyén dong thir hai song song véi truc Y

Chuyén dong thtr hai song song vai truc Z

Chuyén dong theo hudng cia truc X

Chuyén dong theo hudng cia truc Y
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Chuyén dong theo hudng cua truc Z




