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DANH MUC TU VIET TAT

STT Ky hiéu chir viét tat Chir viét day da
1 CNC Computer Numberical Control
2 CNKT CoOng nghé k¥ thuat




MO PAU

Cung véi su phat trién caa nén khoa hoc k§y thuat, may moc co d6 chinh xac cao
dang dan duoc dua vao thay thé con ngudi trong nhitng céng viéc doi hoi su chinh xac
nhu gia cong vat liéu, ché tao chi tiét may,... Trén tién trinh phat trién va nang cao
cdng nghé san xuit, may CNC ra doi dé dap ung nhu cau ty dong hoa cac cong viéc
san xuat (co tinh 1ap lai) cac san pham kim khi c6 d6 chinh xac cao. Uu diém cua may
CNC 14 viéc chay tu dong lién tuc trong thoi gian dai ma van san xuat ra cac san pham
c6 do chinh x4c cao. Qué trinh tu dong hda trong san xuét véi may CNC tao nén su
phét trién dang ké vé d6 chinh xac va chat luong cua san pham. Tir khi may CNC ra
doi da giup giai phong nhan luc, giam thiéu céc sai sot va gitp ngudi thao tac co thoi

gian cho céc cbng viéc khéc.

Chinh vi nhitng lgi ich ma may CNC dem lai, viéc nghién ciru thiét ké va ché
tao may CNC di duoc nhiéu truong Ky thuat trong nudc va ngoai nudc thyc hién. Ché
tao may CNC la mot dé tai pho bién ddi véi sinh vién chuyén nganh diéu khién va ty
dong hoa. Cac dé tai nghién citu may CNC ngay cang c6 tinh sang tao, tinh phuc tap
trong cac budc ché tao phan ciing va hé thong diéu khién. Tai Truong Pai hoc Pa Lat,
cling voi viéc mé thém nganh CNKT Diéu khién va ty dong hoa thi viéc nghién ctu
ché tao may CNC la mot huéng méi trong linh vuc nghién ciru khoa hoc. Chinh vi ly

do trén nén nhdm da quyét dinh thuc hién dé tai nay.

Muc tiéu cua nhém khi thuc hién dé tai nay di theo ba muc do tir co ban dén
phtic tap. Thir nhat, nhém muén hiéu dugc nhitng co so ly thuyét vé méd hinh may
CNC, c4u tao va hoat dong ctia may CNC. Thir hai, nhém s& di dén thiét ké va ché tao
thanh cong mot md hinh may CNC ba truc. Va cudi cung, nhém mudn tng dung md
hinh dat dugc dé tao ra mot sé san pham cu thé. Ngoai ra, sau khi hoan thanh, mé hinh
may CNC ba truc sé dugc dua vao viéc hoc tap cho sinh vién cac khoa sau, tir do cac

ban sinh vién tiép tuc nang cp, cai tién mo hinh tré nén tét hon.



CHUONG 1: TONG QUAN VE MAY CNC
1. GIOI THIEU CHUNG VE MAY CNC BA TRUC

May CNC (viét tit cuia Computer Numberical Control) 1a mot dang may duogc
diéu khién tu dong bang may tinh. Céc thanh phan cia may duoc lap trinh dé hoat

dong ndi tiép nhau nham tao ra san pham c6 hinh dang, kich thuée cho trudc.

S6 lwgng truc trén may CNC chinh 14 théng sé xac dinh c&c hoat dong phay, cit
ma may c6 thé 1am, mic do phic tap cua tdi da cua cac chi tiét ma may co thé phay,

cit ciing nhu vi tri ctia phdi ma dung cu cit cd thé thao tac.

May CNC ba tryc tic 12 dung cu cit caa may sé& chuyén dong theo ba truc X-Y-
Z cua hé toa d6 Descartes. Trong d0, truc X la truc doc, truc Y la truc ngang va truc Z
1a d¢ sau. Hinh 1 mé ta mot mé hinh may CNC ba truc, dung cu cat cia md hinh CNC
di chuyén theo ba truc: di chuyén huéng trai (X-), phai (X+) theo truc X; di chuyén
huéng truée (Y-), sau (Y+) theo truc Y; di chuyén huéng 1én (Z+), xudng (Z-) theo
truc Z. Vi dung cu cat di chuyén theo ba truc nén may CNC ba truc c6 thé tao ra cac

san pham 2D, 3D theo hoat dong cua truc Z.

Hinh 1. M6 hinh céc truc caa may CNC ba truc



2. CAU TAO CHUNG CUA MAY CNC BA TRUC
May CNC ba truc gém 2 phan chinh 1a phan co khi va phan diéu khién.

2.1. Phan co khi
2.1.1. Bé may

Trong cau tao cia may CNC thi ¢ may rat quan trong, cd c6 cong dung nhu
mot b giap dé bao vé may. BE may la nén tang trung tdm cia may vi vay can co do
nang, két cau tét va cuc ki chic chian. Bé may chiu toan bo khéi lwong cia may, dong
thoi 1a mat phang ngang gidp cac truc may hoat dong thang. Khi hoat dong, tuy theo
cong suat cua may CNC ma chuyén dong cua céc truc s& lam rung lic than may, vi
vay, mot dé may c6 két ciu chic chan s& gilp giam di d6 rung cia may CNC khi hoat

dong. Thong thuong, cac may CNC s& c6 dé may la khdi kim loai chac chan.
2.1.2. Truc chinh

Truc chinh hay con goi la truc Spindle 1a thanh phan c6 tinh quyét dinh nhat
trong may CNC. Mat truc on dinh s& hop nhat véi sy diéu khién ctua dong co cing voi
hé thdng boi tron va ngudn dién cung cap. Pam bao d6 chinh xac va c6 thé doan trudc
duoc nang sudt cia may. Truc chinh 1a noi dé gan dung cu phay, cit,... tiy theo ting
loai vat liéu ma truc chinh s& mang cac dung cu cat khac nhau, c6 toc d6 phay, cat
khac nhau. Vi vay ma truc chinh s& quyét dinh san pham ma may CNC c6 thé thyc

hién duoc, chat lugng san pham va vat liéu san pham may c6 thé phay, cat.
2.1.3. Khung méay

Khung may 12 bo phan co so dé lap tat ca cac thiét bj va bo phan khac nhu ban
may, truc chinh,... 1én no tao thanh may hoan chinh. Khung may can c6 d6 chinh xac
cao trong qué trinh ché tao. May CNC chi c6 thé hoat dong chinh xac va an toan khi c6
mot bo khung chic chan va chinh xac. Céc truc caa may CNC ba truc chuyén dong
theo phuong thang va vudng goc nhau nén khung may ciing can phai chinh xac dé cac

truc chuyén dong chinh xac.

Khung may cuing véi ¢é may phai chiu tat ca cAc tai trong tinh ciing nhu dong

do tac dong cua luc cit do rung dong trong qué trinh cat va do khéi lwong cua céc chi
9



tiét va bo phan lip 1én né ciing nhu trong lwong ban than cua nd. Chinh vi vay ma vat
licu tao nén khung may phai c6 do ciing cao, chiu dugc khéi luong 16n, chdng rung,
lic. Cac khung may ciia may CNC hién nay thong thuong st dung cac loai hop kim

nhdm hoic thép duc co d6 bén cao, d6 ciing tdt, va chiu duoc rung lac.
Do vay, dbi v&i khung may can phai thda man hai yéu cau chinh sau.

— Phai dam bao du d6 cang, c6 kha nang chéng va hap thu rung dong.

— Phai la cac mat phang, dé céc truc may chuyén dong.

Kich thude khung may chinh 1a kich thuéc may va la pham vi hoat dong dung
cu cat cua may CNC.

2.1.4. Vit me bi va dai 6C

Hinh 2. C4u tao bén trong vit me bi

Vit me bi (ballscrews) 1a mot bo truyén dong tuyén tinh co hoc, bién d6i chuyén
dong quay sang chuyén dong tinh tién voi ma sat nho. Mét truc vit me cdu tao gém
ranh xodn ¢ cho céc vién bi trong 6 bi, vong bi chay bén trong. O bi hoat dong bing
cach chuyén dong tinh tién qua lai mot cach chinh xac. Hinh 2 cho thay ciu tao bén
trong mot vit me bi.

10



Vit me bi va dai 6¢ c6 mot dudng duoc lap ddy bai nhitng vién bi thép. Khi truc
vit me xoay, nhirng vién bi dwgc cudn tron trong mdi ren cua truc vit va dai ¢, 1am dai

¢ di chuyen.

Vit me bi va dai ¢ 1a bo phan truyén dong trong may CNC, c6 tac dung kéo

truc chinh di chuyén theo huéng may hoat dong.
2.1.5. Dao cat

Dao la dung cu cit duoc dung dé gia cong bé mat cia may CNC. Khi st dung
dao cho may CNC, can str dung cac loai dao chat luong cao nham giam rung dong va
dam bao d6 chinh xéc cho chi tiét gia céng. Ty theo ting loai vat liéu s& c6 cac loai

dao cat khac nhau phil hop. Lua chon sai dao s& 1am hu hong san pham va may CNC.

2.2. Phin diéu khién
2.2.1. Dong co buoc — Step Motor

Dong co budc cung cap diéu khién s6 khong phan hoi vé vi tri cua ban may khi
gia cong trén may CNC 3 truc. B¢ di¢u khién nhén tin hi€u vé chiéu quay va tinh hi¢u

xung dién dé di€u khién goc quay ctuia dong co.

Ung véi mbi tinh hiéu xung dién, bo diéu khién s& dua ra tinh hiéu cudng do
hodc hiéu dién thé. Pé 1am cho dong co quay mdt goc nhit dinh nao d6 (one step —
mot budc cua dong co). Truc vit me dai dc bi s& bién chuyén dong quay thanh chuyén

dong tinh tién cua céc truc.

Vé co ban dong co budc dugce chia lam 3 loai sau: dong co budc tur trd thay doi
(Variable Reluctance), dong co budc nam cham vinh ctru (Permanent-magnet) va dong

co budc két hop (hybrid stepper motor).
2.2.2. Hé thong diéu khién

Hé théng diéu khién CNC bao gom mach diéu khién tbc do (velocity loop) &
trong hé théng dong co truyén dong. Va mach diéu khién vi tri (position loop control)

& bén ngoai hé thong dong co truyén dong.
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Hé thong diéu khién CNC c6 thé 1a hé thong diéu khién hd (open loop) hodc hé
thdng diéu khién kin (closed loop). Su khac nhau co ban 1a hé thdng diéu khién kin c6

phéan hoi nham dam bao dg chinh xac yéu cau.
e H¢ thong diéu khién hd

Hé théng diéu khién ho khong co6 mach phan hoi, b didu khién may xem nhu
su di chuyén ban may dung nhu mong mudn. Hé diéu khién ho rat nhay cam véi su
thay ddi cua tai trong. Cac sai s6 vi tri va tde do co thé xay ra khi cat voi luc cat 16n.
Tuy nhién hé diéu khién ho c6 vu diém 1a don gian, gia thanh hop 1y. Do vay, hé diéu
khién hé chi nén dung trong di chuyén Diém-> Diém (PTP) hoic trong cac may cong

suat cit nho.
e He¢ thdng diéu khién kin

Vi hé diéu khién kin, mach phan hoi duoc sir dung dé theo ddi dap ung thuc
cta dai lwong didu khién. Va dua ra tin hiéu sira doi khi co su sai léch giira gia tri
mong mudn va gia tri thyc. Hé thong phan hoi co thé 1a hé twong tu (analog) hodc sd

(digital)
3. NGUYEN LY HOAT PONG CHUNG CUA MAY CNC

Vi may CNC c6 kha 14 nhiéu loai khac nhau, mdi loai s& c6 mot kiéu hoat dong

ctia riéng minh. Nhung vé hoat dong cua ching sé& twong tu nhu sau:

— Khi may CNC hoat dong, truc chinh di chuyén trén 3 truc X, Y, Z theo toa do.

— Khi may CNC dugc khoi dong va thyc hién cac 1€nh cit, truc Z s& di chuyén lén
xudng theo khoang cach duoc cai dit. Pau cit ( truc Z) s& nhan ngudn ning
lugng tir bo ngudn dé xuyén thung vat lidu.

— LGc ndy ban may s& giit chit san pham dé may di chuyén trén cac thanh ray

theo truc X va Y dé tao ra cac dudng cat trén vat lidu.

Tuy theo ting loai mdy CNC ma hoat dong clia may sé& thay doi. Thong thuong

cac may CNC sé diéu khién dung cu cit chay trén bé mat vat liéu, tuy nhién mot sb
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may CNC c6 thé giit nguyén dung cu cat (dung cu cat chi thay d6i d cao) va cho vat

liéu duoc ga“'ln trén ban may di chuyén dé dung cu cit cat vat liu.
4. UNG DUNG CUA MAY CNC

May CNC ba truc ding dé ché tao ra cic may moc, thiét bi va ddy chuyén san

xuét phuc vu cho nhiéu nganh cong nghiép. Mot sé nganh tng dung may CNC ndi bat:

— Nganh gia cong ché tao khuon mau.
— Ché tao linh kién

— Nganh cong nghi¢p 0 to

— Nganh diéu khic trang tri va noi that.

— Nganh dién tor
Ngoai ra, may CNC tng dung rat nhiéu trong doi sdng hiang ngay, tir vé& hinh don gian

cho dén khic 1én cac vat liéu nhu gS, sat, thép,... Sy phat trién cua k¥ thuat da giap

cho may CNC 1a mét cong cu khong thé thiéu trong moi cong viéc k¥ thuat.

5. CAC LOAI MAY CNC HIEN NAY
5.1. May tién CNC

May tién dugc sir dung cha yéu trong céc nganh vé g tai Viét Nam hay cac
cong trinh gia cong tao hinh cé4c chi tiét tron xoay. May gom c6 hai loai 14 tién 2 truc
va tién 4 truc, loai may 4 truc cd thé vira thuc hién truc ning tién va chirc ning phay,

gia cong duoc nhitng hinh dang chi tiét phic tap.
5.2. May phay CNC

May phay 13 phuong phap gia cong cat got kim loai dya vao dung cu xoay duoc
goi la dao phay. Vi do chinh x4c va ning xuét cao nén may phay dugc str dung nhiéu

trong nganh kim khi.

5.3. May mai CNC

13



May mai 1a mot loai may cuc ky linh hoat dugc dung dé thuc hién cac hoat
d6ng mai nhu bé mit, hinh try, hinh dang phuc tap. May c6 d6 ty dong hoa cao, dugc

thong dung dé mai dao phay va cac dung cu cat khac.

5.4. May khoan CNC

Thong thudng s& c6 hai loai 1a may khoan ban va may khoan can. May khoan
ban dé khoan 15 théng qua cac chi tiét tho nhu gd, nhya, kim loai. May khoan can c6

kich thudc 16n hon dung dé khoan céc khdi vat liéu 16n va tao ra cac 15 16n hon.
5.5. May cat CNC

Loai may nay sir dung cong nghé CNC két hop véi cac phuong phap dé thuc
hién cat vat liéu theo hinh dang duoc 1ap trinh trude d6. May cat duoc str dung rong rai

trong cac nganh gia cong kim khi tai Viét Nam.
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CHUONG 2: THIET KE VA CHE TAO MO HINH MAY CNC BA TRUC
1. THIET KE MO HINH MAY CNC BA TRUC
1.1. CAc thong s6 cho md hinh may CNC ba truc

Sau khi tham khdo cac nguodn tai li€u vé may CNC, nhom da dua ra cac yéu cau

vé mit co khi ctia md hinh may CNC ba tryc.

M hinh s& c6 dé may duoc 1am bang sat.
— Than may s€ st dung nhom dinh hinh dé ché tao.
—  Sur dung vit me bi dé truyén dong cho céc truc X-Y-Z.

— Thanh truot vudng duoc ding dé nang cac bo phan cia dung cu cat dé giam tai

trong lugng va ma sat cho vit me bi.

Vi la m6 hinh nén kich thudc cia may khong 16n, nhém Iya chon kich thude

cho md hinh la 1000 x 800 x 300 mm.
1.2. Béan vé thiét ké mo hinh

Tir cac thong so trén, nhom da xay dung ban vé 3D cia mé hinh thong qua phan

mém Sketchup.

Hinh 3 thé hién thiét ké 3D ctia m6 hinh may CNC ba truc. Ban thiét ké nay sur
dung hai thanh vit me dé diéu khién truc doc, truc ngang s€ dugc dat trén hai thanh
truot vudng dé chiu tai. Truc ngang s& di chuyén trén hai thanh truot va dugc gan thém
truc do sau. Than may cAu tao tr cac thanh nhom dinh hinh, cic thanh nhom nay co
nhiém vu cb dinh cac bd phan nhu vit me bi, thanh truot,... T4t ca cic bd phan than

may cta mo hinh duoc ¢d dinh trén dé may.
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Hinh 3. Ban thiét ké 3D ciia md hinh may CNC ba truc

Pay 1a mot thiét ké co ban ciia mot md hinh may CNC ba tryc. Dung cu cit s&

di chuyén trén bé mit vat liéu, vat liéu gia cong sé& duoc ¢ dinh trén ban may.
2. XAY DUNG MO HINH MAY CNC BA TRUC

Sau khi c6 ban vé thiét ké, nhom tién hanh xay dung phan co khi cho mé hinh

may CNC ba truc.
2.1. Céc thanh phin co khi chinh
2.1.1. Truc vit me

Truc vit me 14 co cdu tryc vit gan lién véi dai 6c dung dé truyén dong cho co
ciu truot doc theo truc vit me. Truc vit me thudng rat dai so véi duong kinh cua né, cé
ren hinh thang dé chiju luc cao. Khi truyén dong, thuong thi truc vit me quay lam cho
dai dc (cung co ciu trén nd) chuyén dong tinh tién. Doi khi ciing c¢6 trudng hop co ciu

quay 1am cho truc vit me chuyén dong tinh tién.

Kich thuéc ciia mé hinh may CNC thé hién d6 dai cac truc X-Y-Z. Ma céc truc
nay chuyén dong theo cac cdy vit me bi nén nhém tim hiéu va quyét dinh sir dung ba

loai vit me bi 1am ba tryc ctia may. Bang 1 thé hién cac thong sb cac loai vit me bi
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nhom da sir dung. Chiéu dai cua timg thanh vit me s& quyét dinh dén cac bo phan co

khi nhu @& may, than may,... ciia mé hinh may CNC.

Bang 1. Thong sé cac loai vit me bi dwec sir dung

Truc Loaivitme bi | Puong kinh Bude ren Chiéu dai
: : truc (mm) (mm/vong) (mm)
Truc doc (X) é/étur?‘éc?é 16 5 1000
Truc ngang (Y) | Vit me bi 1520 15 20 600
Truc dimg (2) \s/;tunl];(?i 12 4 200
2.1.2. Bé may

Pé may 1a bo phan dé c¢6 dinh than may va giup thin may cao hon mit ban cit.

DPé may can phai chiu dugc khdi luong cua than may cing véi viéc khi cac dong co

buéc hoat dong. Thong thuong dé may thuong sir dung cac vat lidu cing nhu thép,
nhom dinh hinh dé ché tao.

800 mm

Hinh 4. Ban thiét ké dé may

Hinh 4 1a ¢é may duoc thiét ké trén phan mém Sketchup, vat liéu sir dung cho

dé may 1a thép V thanh ¢ 13, d6 rong mdi mat 1a 30 mm, d6 day 1a 2 mm. Nhom sau

khi xem xét kich thuéc truc vit me bi dd quyét dinh sir dung thép V 16 dé 1am dé may,
kich thudc 1100x800x200mm.

2.1.3. Khung may - Nhom dinh hinh

L1/




Nhom dinh hinh 12 nhitng loai nhém da qua qua trinh xir Iy kim loai nham phéat
huy téi da cac dic tinh caa nhém, ph hop cho céc nha thiét ké, k§ su va nha san xuat.
Nhom dinh hinh dugc @ng dung rong réi trong cac nganh cong nghiép. Loai nhém nay
dé 1ap ghép thanh nhiéu hinh dang, tng dung rat nhiéu trong cac san pham, thiét bi tu
dong héa. Véi d6 cang cao, it bi udn cong nén nhém dinh hinh thuong dwogc sir dung

lam khung may CNC.

Nhom quyét dinh chon nhom dinh hinh 4080 dé l1am than méy. Nhom dinh hinh
4080 c6 dang thanh thang, chiéu dai tiéu chuan caa mot thanh nhom dinh hinh 12 6030
mm, chiéu cao 1a 80 mm, chiéu rong 12 40 mm. Hinh dang va kich thudc nhoém dinh
hinh thuc té duoc thé hién trong Hinh 5.

Hinh 5. Nhém dinh hinh 4080

2.1.4. Thanh truot vudng
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Hinh 6. Thanh trwet vuong

Thanh ray trugt vubng 1a mot thiét bi c6 kha nang dan hudéng tuyén tinh co hoc
gitip co cdu ctia may chuyén dong téi hodc lui mot cach ty dong, chinh xac. So véi cac
loai thanh ray truot dan khac chang han nhu thanh truot tron thi loai thanh ray nay sé

dap Gmg duoc d6 chinh xac, cang virng va chiu duoc trong tai nang gap 1,5 lan.

Thanh ray truot vudng géom 2 bo phan chinh 14 thanh ray trugt va con truot. Ty

theo kich thudc ngang ma thanh ray trugt sé€ dwoc chia thanh céc loai 15, 20 va 25 mm.

Thanh ray truot vudng thudng dugc wng dung trong ché tao mé hinh may CNC,

gilp di chuyén mili cat theo truc X.
2.2. M6 hinh thuc té

Sau khi thuc hién ban thiét ké, tinh toan cac kich thudc, vat lieu thi nhdm bt
dau vao xay dung md hinh may CNC ba truc. Hinh 7 thé hién mé hinh thuc té nhom da
thue hién. Cac bo ban co khi ciia mo hinh dung theo thiét ké dé ra. Str dung c. vit dé

l3p rap cac thanh phan.
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Hinh 7. Md hinh may CNC ba truc thuc té

3. XAY DUNG HE THONG PIEU KHIEN
3.1. Dong co budc — Step Motor
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Hinh 8. Pong co buéc 57

Pong co budc 1a mot loai dong co ddng bo, ¢ kha ning bién do6i cac tin hiéu
diéu khién cua may moc duéi dang cac xung dién roi rac duoc phat ra ké tiép nhau, tao
thanh cac chuyén dong goc quay. Vé co ban, dong co budc (motor budc) 14 mot loai
dong co ma chung ta c6 thé quy dinh tan sé goc quay cua né. Néu goc budc cua nd
cang nho thi s budc trén mdi vong quay cua dong co cang 16n va do chinh xac cua vi
tri chiing ta thu dugc cang Ién. Cac goc budc cua dong co cod thé dat cuc dai 1a 90 do
va cuc tiéu dén 0,72 do. Tuy nhién géc budc cua dong co thuong sir dung phd bién
nhat la goc 1,8 do, goc 2,5 do, goc 7,5 do va goc 15 do.

Sau khi xem xét cac loai dong co buéc khac nhau, nhém quyét dinh sir dung
dong co budc mit bich 57. Bang 2 trinh bay cac théng sé cua loai dong co budc 57.

Hinh 3 1a mot dong co budc thuc té.

Bang 2. Thong sé k¥ thuéat dong co buéc 57

buong kinh truc dong co 6,35 mm
Goc budc dong co 1,8 do

S6 pha 2 pha

S6 day 6 day
Dong dién 3A

bién &p dong co 24V — 50V
Momen xoan 16n nhat 1,8Nm
Khoi lugng dong co 0,95 kg
Nhiét d6 dong co 16n nhat 80°C
Driver cap xung phi hop TB6600, DM542,...
Kich thudc 57 x 57 x 76mm

Loai dong co budc 57 ¢6 nhiéu loai khac nhau, dwgc phan loai theo chiéu dai
ctua dong co (dong co cang dai s€ cang manh). Loai nhdm str dung dai 76 mm va ciing
12 loai phd bién nhit. Biém manh cia dong co nay 1a momen xoan 1én, chay ém, dong
co tiy chinh dugc, twong thich véi nhiéu loai driver diéu khién.

e Lua chon mach diéu khién cho dong co budc

Mach diéu khién dong co busc TB6600 sir dung IC TB6600HQ/HG, duiing cho
cac loai dong co budc 42/57/86, 2 pha, 4 day hoac 6 day co dong tai 1a 4A/42VDC.
Mach TB6600 tuong thich v6i dong co 57 duoc nhém lua chon. Mach TB6600 rat phd
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bién, d& str dung, thuong dugc ding rat nhiéu trong diéu khién dong co budc. Hinh 4
1a hinh anh thuc té cua mach diéu khién dong co budc TB6600.

Thong sb ky thuat cua mach TB6600

— Ngudn dau vao 12 9V — 42V.

— Dong cip tdi da 1a 4A.

— Ngd vao c6 céach ly quang, téc do cao.

— Co tich hgp do dong qua ap.

— Can nang la 200 gram.

— Kich thudc 12 96 x 71 x 37 mm.

Boroe 40y 21
\_SW
Microstep Driver PWR/ALARM

ENA - (ENA)
| & | nc  Jon[on|on] ENA+(+5V)
1 [ 200 [ox] onore =
| o | 400 | ox[orr| ov] b
28 | w0 Jo[ov|oN] & prapsy
| 4 | a0 | on[orr|ore]
| 8 | 1600 |[oFF| oN |oFF| PUL- (PUL)
| 16 | 3200 |ofF|oORF| N |

PR

B -
Tos | o1 [ojolo TB :
Cho i Tulmo
1.5 1.7 ON OFF A-
s A+
2.8 2,9 OFF | OFF | ON
. 6D —
a0 Lo o o] oo

DC:9~42VDC

Hinh 9. Mach diéu khién déng co bwéc TB6600

3.2. Mach diéu khién CNC BOB MACH3 V2

Mach CNC BOB MACH3 USB V2 sir dung duoc v6i phan mém Mach3 trén
may tinh théng qua giao tiép USB.

Mach CNC BOB MACHS3 V2 c¢6 kha niang diéu khién 5 dong co budc cung lic

qua cac ngd cép xung-chiéu X, Y, Z, A, B, mach con c6 kha nang nhan cac ngd tin
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hiéu IN1, IN2, IN3, IN4, IN5 va xuat tin hiéu qua cac ngd ra OUT1, OUT2, OUTS3,
OUT4, c4c ngd tin hiéu vao ra nay déu duoc cach ly qua Opto va IC dém nén rét an
toan cho mach, ngoai ra mach con c6 ngd ra xuat xung PWM dé diéu khién téc do

quay.

Mach CNC BOB MACH3 V2 c6 giao tiép USB, khong can cai driver, thiét 1ap
don gian, d& sir dung. Hinh 5 1a hinh anh thuc té cia mach CNC BOB MACH3 V2.

Hinh 10. Mach diéu khién CNC BOB MACH3 V2

Thong sb ki thuat cuaa mach CNC BOB MACH3 V2

— Giao tiép v4i may tinh qua cong USB.

— Nguén sir dung: 5VDC USB.

— Tan s6 xung téi da: 100KHz.

— Diéu khién 5 dong co budc qua cac truc X, Y, X, A, B.

— S6 ngd vao: 5 ngd vao IN1, IN2, IN3, IN4, IN5 cach ly Opto.

— S6 ngd ra: 4 ngd ra OUT1, OUT2, OUT3, OUT4 cach ly IC dém.
— C6 ngd ra xuat xung PWM diéu khién toc do Spindle.

— Kich thudc 90x60mm.
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3.3. Phan mém diéu khién Mach3

Mach3 1a phan mém dugc dong goi dé chay trén may tinh ca nhan, né rat hiu
ich va thuan tién dé thay thé cac bo diéu khién may. Pé chay phan mém Mach3 can c6
may tinh st dung hé diéu hanh Window XP hoic Window 2000 tré 1én. Driver diéu
khién mdi truc ciia may phai chap nhan maét tin hiéu xung (pulse) va huéng (direction).

Hau nhu mdi driver dong co budc déu duoc 1am gidng vay.

@ 1Mach3 CNC Controller =

File Config Function Cfy's View Wizards Operator Plugin Control Help

Program Run (Alt-1) | MDI(Alt-2) | Tool Path (Alt-4) | Offsets (Alt-5) | Settings (Alt-6) | Diagnostics (Ar-T) [Mill->G15 G1 G17 G40 G21 G0 GI4 G54 G49 GII GB4 GI7

=
A
| @ o000

000001 |

3 168¢
’j“,qq 1NV B ZERO | | w

File:JiCO KFGT CATCamGT CAG.CamCNCICT CNCWS BEARNG NG, |02 Wizards | _Last Wizard Ir ['W” ﬁ
|_NFs wizards | SESSESRERNN || Tooloath Follow
Delbie Recent File | Single BLK AN |

<Alt-R> Chanae OverRidden  FRO % SRO %
Close G-Code_| Roverse run | | TOO! 1 ool | oo o, | [Cspmaccwss 500

. Tool

N102 017 G4D (49 G80 G0 -
N104 T1
N106 G1 GSD (G54 X-32. Y-38. F1500

Z50

N126 G3 X27.071 Y22.071 R10.
N128 G1 X22.071 Y27.071

Load G-Code ja. +0.0000 | FRO @
Fe::p':gld Block Delete | D:_al w%‘a“ ’ ﬁ ,’ ﬁ
Set Next Line | ™ +0.0000 FRO
Line 10 Flood CulF | Auto Tool Zero 2272.01. RPM 0
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— | cees 00:43 .1500.00.

Z Inhibit llm Units/Min __QAQQ_‘ Spindle Speed .
+0.000 Units/Rev ___0.00 PR ¥

Profile:fim |

G-Codes | M-Codes |

Hinh 11. Giao dién chinh ciia phan mém Mach3
e Giao dién va cua Mach3

Khi chay chuong trinh Mach3, man hinh s& hién thi giao dién nhu bén duéi.

Man hinh diéu khién Mach3 khi khai dong may gom 6 trang man hinh.

— Program Run (Alt-1): Hinh 11 Ia trang man hinh chinh khi khéi dong Machs3.
— MDI (Alt-2): 1a ché d6 diéu khién may CNC bang cac lénh NC trong ché do

MDI, chuong trinh dugc thuc hién ciing cung vung dinh dang ¢ vung G-Code
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nhung duoc nhap vao ting Iénh trong ving Input. Hinh 12 thé hién céc thanh
phan cuaa trang MDI.

Program Run (Alt-1) | MDI(Alt-2) | Tool Path (Alt-4) | Offsets (Alt-5) | Settings (Alt-6) | Diagnostics (A-7) |Mill->G15 G1 G17 G40 G21 GI0 G94 G54 G49 GI9 GB4 GI7

| +0.0000
vl +0.0000

+0.0000

[—fmm mmo mz—r—»rﬂ

G — L
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F 1500.00 Gesed) | RPM 001 el

0% g i
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—_——— Elapsed 00:02| - MDI
set .... Emergency M
G-Codes I M-Codes [

History |_Clear [Status:§ Estop Button Pressed. Profile:fmil

Hinh 12. Trang MDI

ToolPath (Alt-4): diéu khién dudng chay cong cu cat. (Hinh 13)

Program Run (Alt-1) | MDI(AR-2) | Tool Path (Alt-4) | Offsets (Alt-5) | Settings (Alt-6) | Diagnostics (A7) |Mill->G15 G1 G17 G40 G21 GI0 G4 G54 G493 GII GB4 GI7

+0.0000
+0.0000
+0.0000
+0.0000

N254 G1Y-8.
N256 X-32.
N258 G3 X-42.Y-18. R10.
N260 G1 Y-28.

N262 G3 X-32. Y-38. R10.
N388 G1Z50. F1500
N390 M3

__-42.0000
-38.00001
_-200000§ +
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Simulate Program Run ] _ Run From Here

Estimated Program Run Time 0:00:00:00
— —
‘ —
R .
eSEt G-Codes | M-Codes

History | Clear ﬁtatus:l EStop Button Pressed Profile:jmill

Hinh 13. Trang ToolPath
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— Offsets (Alt-5): Cai dat toa do cét: hé toa do cat (work coordinate system) la hé
toa do gan lién vai chi tiép can phay, hé toa d6 nay thuong dugc sir dung khi 1ap

trinh phay nén goi la hé toa d6 phay. (Hinh 14)

Program Run (At-1) | MDI (AR-2) | Tool Path (Al-4) | Offsets (Ar5) | Settings (Alt-6) | _biagnostics (at-7) | il->G15 G1 G17 G4D G21 G90 G34 G54 G4AH9 G64 697

Fixture 1 !@I
Fixture 2 (G55) I |
Fixture 3 (G56) I !
Fixture 4 (G57) |
Fixture 5 (G58) I .
Fixture 6 (G59) I

| m(,;e(:og!.] M-Codes | L MOIBFFWLM‘A

History | Clear |Status:| EStop Button Pressed. Profile:jmill

Hinh 14. Trang Offsets

— Setting (Alt-6): Trang cho phép ta cai dit tham sé cho may, phan cai nay do nha
san xuat cai dat. (Hinh 15)
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Program Run (Attt) | MDI(At2) | Tool Path (AR-4) | Offsets (AI.5) | Settings (AR6) | Diagnostics (A7) [Mil>G15 G1 G17 G40 G21 G90 634 G54 G49 G99 Galyea7
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Hinh 15. Trang Setting

— Diagnostics (Alt-7): Trang nay cho phép ta chuin doan cac 16i ra caa may.
(Hinh 16).
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3.4. So d6 két ndi hé thong diéu khién

Phin mém Mach3
trén may tinh

Mach diéu khién
CNC BOB MACH3
V2

TB6600 (1)

Ddng co buc'rg truc X
thir nhat

TB6600 (2)

Pong co budc truc X

Nguon

thir hai
) Pong co budc
TB6600 (3) ch(% truc Y
Pong co bude
TB6600 (4) cho truc Z

Hinh 17. So @ nguyén ly hé thong diéu khién

Hinh 17 thé hién so do nguyén ly két néi tir mach CNC BOB MACH3 V2 ti
cac dong co bude diéu kién cac truc cua md hinh. Phan mém Mach3 s& diéu khién
mach CNC BOB MACHS3 V2 théng qua cong USB. Mach Mach3 sé& thong qua cac

driver diéu khién TB6600 dé diéu khién téc do6 va hudng cua cac dong co budc. Cac

dong co budc nay duoc ndi vao cac truc vit me dé chuyén chuyén dong quay thanh

chuyén dong tinh tién. Cac dong co s& duoc cap ngudn riéng théng qua driver TB6600,

téc d6 va budc cua dong co budc s& duge didu khién qua driver TB6600.

Hinh 18 thé hién so dd néi day tir mach diéu khién dén mot dong co budc, cac

dong co budc con lai s& duoc ndi twong ty.
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Hinh 18. So' @6 ndi day mach diéu khién dong co buéc
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CHUONG 3: KET QUA
1. KET QUA PAT PUQC

Nhém d3 xay dyng thanh cong mé hinh may CNC ba truc dugc thé hién ¢ hinh
4. M6 hinh nay gidng nhu thiét ké ban dau da dat ra.

Hinh 19. M6 hinh may CNC ba truc hoan thanh
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M hinh c6 cac dic tinh ky thuat duoc mé ta ¢ Bang 3. Cac thdng sb va dac tinh

ky thuat nay duoc do truc tiép trén mé hinh.

Bang 3. Thong sé dic tinh cia md hinh may CNC ba truc dwoc thuc hién

Thong s6 - Dic i
STT ) M0 ta
tinh

M6 hinh c6 chiéu dai tong cong 1200 mm, chiéu rong khoang
1 | Kich thudc 900 mm, chiéu cao khoang 350 mm. Trong luong md hinh Ia
30 kg.

Céc truc X-Y-Z cua mo6 hinh sir dung vit me bi. Truc X sur
dung hai dong co budc véi hai thanh vit me bi SFU1605 dé
kéo hai truc con lai va dung cu cét caa mé hinh.

2 | Cactruc X-Y-Z | Truc Y st dung mot thanh vit me bi, dat trén hai thanh truot
vubng gan vai hai thanh vit me caa truc X, st dung vong dai
GT2 dé dong co budc kéo truc.

Truc Z st dung mot thanh vit me bi, duoc ¢b dinh Ién truc Y.

Hanh trinh hoat dong cua mai truc:

Truc X: 840 mm

Hanh trinh hoat | Truc Y: 460 mm

dong Truc Z: 100 mm

Dién tich hoat dong cia miii cit 1a 386400 mm? ( hay 0.3864

m?)

Toc do chuyén | Toc do chuyén dong cua truc X 1a 46,7 mm/s.

4 | dongcuating | Toc do chuyén dong cuatruc Y 12 9,2 mm/s.

truc Téc do chuyén dong cuaa truc Z 1a 3,3 mm/s.
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2. CAC THU NGHIEM PANH GIA MO HINH
2.1. Thi nghiém 1

Cho mé hinh chay thir theo ting truc, st dung hé théng diéu khién bang tay caa phan
mém Mach3 cho di chuyén doc 1ap ting truc X-Y-Z. Bang 4 thé hién cac nat nhan dé

diéu khién tirng truc trong phan mém Mach3

Bang 4. Phim cirng diéu khién cac truc X-Y-Z

Diéu khién truc X | Str dung hai nat phim tén phai trai trén ban phim may tinh.

Piéu khién truc Y | Str dung hai phim mii tén 1én xudng trén ban phim may tinh.

Str dung hai phim PageUp va PageDown trén ban phim may

biéu khién truc X |
tinh.

Sau khi chay thir, tirng truc hoat dong binh thuong, di chuyén hét hanh trinh hoat dong
ma khdng gap su c6 nao. Phan mém diéu khién c6 do nhay tét, khi sir dung phim nhan

dé diéu khién thi cac truc hoat dong ngay 1ap tic véi do tré thip (chua dén 1 gidy).
2.2. Thir nghiém 2
Céc budc thuc hién cai dat diém bat dau (zero point) cho viéc thuc nghiém:

Buwéc 1: Tai trang Program Run, st dung cac phim diéu khién, cho miii cat tai

vi tri mong mudn 1a vi tri bat dau (Hinh 20)

Mach3 CNC Licensed To: K2CNC VN =0 va X
File Config FunctionCfg's View Wizards Operator Plugin Control Help

Program Run (Alt) |  MDI(AI2) |  Tool Path(Ait4) |  Offsets(AItS) |  Settings(Ait6) |  Di (A7) |MB>G15 G1 G10G17 G40 G21 G90 G94 G54 G49 G99 G54 G97

56
»
Vi tri mong mubn g . =HA 6563

lam diém béit diu ‘ +0.0000 c":,";:‘;

] ) e ) B

Hinh 20. Chon vi tri bit diu

Buéc 2: Chon céc nut Zero X, Zero Y, Zero Z dé thiét 1ap diém bét dau. Cac toa
do s& tro vé gia tri 0, tac la thiét lap day 1a diém bat dau (Hinh 21).
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Mach3 CNC Licensed To: K2CNC VN
File Config Function Cfg's View Wizards Operator Plugin Control Help

Program Run (Alt-1) MDI (Al-2) Tool Path (Alt-4) Offsets (Alt-5) Settings (Alt-6) Diagnostics (Alt-7) ME>G15 G1 G10 G17 G40 G21 G90 G94 G54 G49 G99 GB4 G97

e —— 4 I O
- Nhan nit Zero —
X, Zero Y, Zero Z. +°'0000* 2 - Céc gia tri toa
=0 _11 do tré ve 0 (Zero
gL __0.0000 ﬁ et

_+0. 0000 |

Hinh 21. Thiét lap diém bat dau (Zero point)

Buéc 3: St dung cac phim di chuyén miii cat dén vi tri bat ky. Sau d6 nhan nit
GO TO ZERO, phan mém s& ty dong di chuyén mili cit tré lai diém bat dau da thiét
lap trudc d6 (Hinh 22).

Mach3 CNC Licensed To: K2CNC VN
File Config Function Cfg's View Wizards Operator Plugin Control Help

Program Run (Alt-1) MDI (Al-2) Tool Path (Alt-4) Offsets (Alt-5) Settings (Alt-6) Diagnostics (Alt-7) ME>G15 G1G10 G17 G40 G21 G0 G94 G54 G49 G99 G64 G97

+11.9969 :
+27.9906 ._ 1-Di chuyén mili

L [ cnivine
2 - Nhéin nit GO ERCN _+0. “

TO ZERO

Hinh 22. Cho miii cit di chuyén tré lai vu tri bit dau

Cho dung cu cat dit trén truc Z cua md hinh chay Ién xudng dé xem xét do léch
cua dung cu cat mdi lan di chuyén xuéng mit ban. Cai dat diém bat dau (zero point)
clia miii cit |4 trén mit ban, sau d6 cho miii cit di chuyén Ién trén va tu dong ha xuéng
diém bat dau. Do do léch cua vi tri mili cat so voi vi tri ban dau dé danh gia do chinh
X&c cua miii cat. Két qua 30 lan do duoc trinh bay ¢ Bang 5. Tinh toan do léch trung

binh ctia miii cit khi chuyén dong theo truc Z.
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Bang 5. Két qua thir nghiém 2

Ui do D{? léch so véi diém bat Ui do Dcf? léch so véi diém bat
dau (zero point) (mm) dau (zero point) (mm)
1 0 16 0
2 0,5 17 0
3 0 18 0
4 0 19 0
5 0 20 0,5
6 0 21 0,8
7 0 22 0
8 0,7 23 0
9 0 24 0
10 0 25 1
11 0 26 0
12 0 27 0
13 0,5 28 0
14 0 29 0
15 1 30 0
S ()
N 2=

Cong thirc (1) dung dé tinh gia tri trung binh cia mot mau dit liéu. Trong d6, X 1a gia

tri trung binh cuia mau dit liu, N 1a sé lan thyc hién lay mau, x. 1a gié tri liy duoc lan
th i (i=1N). Str dung cong thirc (1), tinh duoc do léch trung binh cua mili cat o V4i

diém bat dau khi chuyén dong theo truc Z 12 0,167 mm.
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2.3. Thwr nghiém 3
Cai dit diém bat dau (zero point) cho dung cu cit caa mé hinh twong tu nhu &
thir nghiém 2. Sir dung hé thong diéu khién bing tay dé di chuyén dung cu cit dén vi
tri méi mot cac ngau nhién, sau d6 st dung nat tu dong tré vé vi tri ban dau (GO TO
ZERO) trén phan mém Mach3 dé dua mili cit tré vé diém bat dau da thiét 1ap trude do.
Do d6 léch ctia mili cat so voi Vi tri ban dau. Két qua 30 lan do dugc trinh bay ¢ Bang
6.

Bdng 6. Két qud théz nghiém 3

i do Dcf? léch so véi diém bat i do D? léch so véi diém bat
dau (zero point) (mm) dau (zero point) (mm)
1 1 16 0
2 1 17 1
3 0 18 1
4 1 19 0
5 1 20 1
6 0,5 21 1
7 0 22 0
8 1 23 0
9 0 24 0
10 0 25 0.5
11 0,5 26 0
12 0 27 0
13 0 28 1
14 0 29 1
15 1 30 1

Tuong tu, st dung cdng thtc 1, tinh duoc do 1éch trung binh cua mii cit so voi diém

bat dau khi chuyén dong trén ca ba truc 13 0,483 mm.
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KET LUAN
Nhom di ché tao thanh cdng mé hinh may CNC ba tryc. Thiét Iap hé thong diéu
khién md hinh théng qua mach CNC BOB MACHS3 V2 va phan mém diéu khién
Mach3. M6 hinh d3 hoat dong theo ting truc doc 1ap va cd thé ty dong tro vé diém bt
dau (zero point) da thiét lap truéc. Do léch cta mii cat khi mé hinh hoat dong dugc
xem xét, tinh toan. M6 hinh may CNC ba truc nhom thuc hién tuy nhién van con mot

sb han ché.

Trong qué trinh thuc nghiém dé kiém tra do chinh xac cua md hinh may CNC
ba truc, d léch trung binh cua mili cit so véi diém bat dau 1a 0,167 mm khi chuyén

dong trén truc Z va 0,483 mm khi chuyén dong ca ba truc.

Tur md hinh may CNC ba truc nhom da hoan thanh c6 thé nang cap, cai thién
bang nhiéu cach. C6 thé thay doi mili cat bang cac phuong phap khac nhau nhu cit,
phay, khac laser,... dé tao ra cac san pham khac nhau. Gia cong phan ctmg dé c6 thém
d6 chinh xac cao, huéng ti cac san phiam chinh xac cao nhu mach in PCB, hinh
anh,... Thém cac chirc ning ty dong nhu ty dong thay mili dao, tu déng diéu chinh vi
tri cuia mili cat néu bi léch so véi vi tri ban dau,... Cac nang cap, cai thién trén gilp

nang cao niang suat hoat dong ciia moé hinh.
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