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Research, design and manufacture CNC
printed circuit board milling machines for

training
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Abstract: At present, all of machines are indispensable for the electronic
circuitry to control them. Engineering students are trained processing of
designing electronic circuits on a computer and make printed circuit board. For
the printed circuit board manufacturing stage after the design file is available,
most students use manual methods, performing chemical corrosion. This leads
to the printed circuit board after manufacturing does not guarantee the
accuracy because when the circuit is chemically corroded, it would be
incomplete corrosion or excessive corrosion. This will affect the quality of the
printed circuit after fabrication, and the circuit may not function correctly. If
using a CNC machine (Computer Numerical Control machine) to perform
circuit milling and component foot drilling, it will ensure better accuracy and
quality of the circuit. In the content of this research paper, the author research
and manufactures CNC printed circuit board milling machines for training
students of University of Transport Technology.
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Nghién ctru, thiét ké, ché tao may CNC phay

mach in phuc vu céng tac dao tao
Hoang Thé Phuong
Trwong Dai hoc Cong nghé Giao thdng van tai, Ha Noi, Viét Nam

Tém tat: Hién nay, cac may mac thiét bi déu khong thé thiéu mach dién t& bén
trong dé diéu khién thiét bi hoat ddng theo y muén. Cac sinh vién hoc nganh
ky thuat déu dwoc dao tao vé quy trinh thiét k& mach dién tt trén may tinh va
ché tao ra mach in thuc té. Dbi véi cong doan ché tao mach sau khi da co file
thiét ké thi hau hét sinh vién déu sir dung phwong phép lam tha céng, thuc
hién thao tac an mon bang hoa chat. Biéu nay dan dén mach sau khi ché tao
khéng dam bao dwoc do chinh xac nhw file thiét ké vi khi &n mon béng héa
chét c6 thé dan dén trwdng hop: &n mon khong hét, n mon qua nhiéu. Diéu
nay sé anh hudng dén chéat lwong ctia mach in sau khi ché tao, va mach cé
thé khong hoat dong dwoc &n dinh dung chirc ndng. Néu st dung may CNC
(Computer Numerical Control) dé& thuc hién céong doan phay duwéng mach va
khoan chan linh kién thi s& dam bao dwoc dd chinh xac va chét lwong duong
mach dwoc tét hon. Néi dung bai nghién ciru nay, tac gia thyc hién viéc nghién
ctru, ché tao may phay mach CNC phuc vu coéng tac dao tao cho sinh vién
trwdng Dai hoc Céng nghé Giao thdng van tai.

T khda: phay mach in, mady CNC.

1. Dat van dé

V&i muc dich tang hiéu qua san xuét, cac day
chuyén san xuét tw déng da va dang duoc (rng
dung hau hét trong cac day chuyén coéng nghiép.
N6 dan dan thay thé strc lao dong ciia con ngudi,
qua d6 lam gidm chi phi san xuét, tang sirc canh
tranh cGia doanh nghiép, gidam nguy co’ déc hai moi
trwdng lam viéc dén sirc khde con ngudi. Dé dap
&ng xu huwéng thay ddi ctia cong nghé, cac truong
dai hoc trén thé gi¢i nhat 1a cac trwéng dinh huéng
khoa hoc &ng dung thwdng gan két cac bai gidng
ly thuyét v&i cac bai thwe hanh, cac mé hinh dao
tao giébng thwc t& dwoc gidi thiéu trwc quan cho
sinh vién tlr sén xuét hang khéi dén san xuét nhé.
Cac md hinh nay khéng chi giai thich nguyén ly
hoat ddng ctia hé théng ma con gitp sinh vién rén
luyén tw duy logic, tw duy thiét ké hé théng. Va dé
robot cling nhw cac may moéc ty dong hoa hoat

dong dwoc thi phai can dén mach diéu khién. Do
dé, viéc ché tao ra mét mach diéu khién chat lwong
tdt, hoat ddng n dinh |a viéc rat can thiét, sinh vién
can am hiéu rd vé quy trinh va cac théng sé can
thiét trong qua trinh ché tao mach in. Va moét
phwong phap ché tao mach in véi chéat lwong tot,
dd chinh xac cao dé la str dung may CNC.

May CNC (computer numerical control) la
moét dang may cbébng nghiép, hoat dong theo
nguyén y diéu khién tw déng co sy tro gilp cha
may tinh. C4c thiét bj diéu khién st dung trong may
gia cong CNC cho phép thyc hién cac quy trinh gia
cong trén co s& cac théng sb vé kich thwéc va hinh
dang cla san pham, dwoc chuyén thanh quy dao
chuyé&n déng trén khong gian 3 chiéu. [1, 2]. May
CNC c6 nang suét cét got cao va gidm dwoc tbi da
thoi gian phy, do mire d6 tw dong dwgrc néng cao
[3]. Ty theo m&rc dd tw ddng, may CNC c6 thé
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thwe hién cung mot luc nhiéu chuyén déng khac
nhau, c6 thé thay dao tw déng, hiéu chinh sai s,
tw dong kiém tra kich thwéc chi tiét va qua dé tw
dong hiéu chinh sai 1&ch vi tri twong déi gitra dao
va chi tiét. Kha nang thay déi dang san phadm ché
tao khi ding may CNC nhanh vi chi can thay dbi
chwong trinh diéu khién ma khdng can thay di cau
trac may hodc thém cac dd ga chuyén dung [3].

Hién nay, gid thanh cac may CNC nhap
ngoai rat cao, va khi may gap sw cb trong qua trinh
hoat déng thi viéc stra chiva ciing khé khan va ton
kém. Do d6, nhiéu co s& dao tao tai cac trudng ky
thuat chwa trang bi dwgc cho sinh vién hoc thyc
hanh. Trén co s& d6, viéc van dung ngudn lwc
nghién ctru trong trwdng dé tién hanh nghién ctru,
thiét k&, ché tao ra mé hinh may CNC phay mach
in phuc vu cho cdng tac dao tao cho sinh vién trong
trwong |a rat can thiét.

2. Thiét ké két cau co’ khi cho may

2.1. Nguyén ly téng quan ctia may

Hinh 1. Nguyén ly tdng quan may CNC

Nguyén ly téng quan ctia may dwoc thé hién
nhw Hinh 1. May c6 c4u tao bao gébm 1 ban géa phoi
dwoc dat cb dinh; mot dong co truc chinh (spindle)
c6 tbc d6 quay cao dwoc gan dung cu ct nhw dao
phay, dao khoan, dao cat; hanh trinh dao I&én xudng
dwoc thwe hién bé&i cum truc Z; cum truc X va Y
diéu khién dau dao chuyén dong tinh tién trén mét
phéng ngang. Khi bat dién va nap code cho may,
doéng co truc chinh sé quay; cac truc X, Y di chuyén
dau dao dén vi tri thich hop, truc Z chuyén déng
lén xuéng dé tao ra chiéu sau phay nhét dinh da
dwoc 1ap trinh trong ma GCODE.

2.2. Nghién ctreu, lwa chon linh kién
2.2.1. Ray trwort

Hinh 2. Ray truot vudng

Ray trwot vubng HGR la mét loai ray trwot
dan hwéng tuyén tinh. Cac vién bi thép 1an vo han
trong hanh trinh trwwot trén thanh ray cla con trwot,
gitp cho bi trwot di chuyén dé dang doc theo thanh
ray.

Hé théng thanh ray trwot vuéng rat thang
gilp co cAu may chuyén déng (tién, 10i) tw dong
mot cach tron tru va chinh xac.

Tac gia lva chon st dung ray trugt vubng
HGR15R dé ché tao may CNC véi nhivng wu diém
[4]:

- Ray trwot vubng HGR15R duwoc thiét ké co
dd crng cao va kha nang chiu tai cao, c6 kha nang
chiu tai trong theo 4 hwéng (1&n, xudng, trai, phai),
va kha nang tw diéu chinh dé giam rung déng do
16i g& dat.

- C6 tudi tho, tbc d6 va do chinh xac cao phu
hop cho céc con trwot dan huéng cung loai.

- Tao chuyén déng thadng mwot, dd ma sat va
tiéng 6n thap.

- D& dang lap dat véi cac 16 dwoc bd tri theo
truc X-Y, thich hgp cho xwéng san xuat, gia cong,
ctra hang vat liéu co khi.

2.2.2. Vit me va dai 6c

RS AR ARARAAAAS

Hinh 3. Vit me va dai 6¢
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Vit me dwoc gén déng truc véi dong co, khi
ddng co quay kéo vit me quay theo. Bdng co va vit
me gan cb dinh, lam cho dai éc sé& di chuyén doc
theo truc vit me. Pai 6¢ dwoc gan chat vao bd phan
can chuyén dong (truc X, Y, Z), tr d6 1am cho bd
phan dé chuyén déng so véi hé théng thanh truot,
doéng co va co cau truyén déng.

Téc d6 di chuyén dwoc phu thudc vao téc dd
déng co va bwdc ren cla truc vit, thwdng thi buéc
ren rat nhd c¢& 1 dén 2 mm, mdt vong quay cla truc
dong co sé lam dai 6¢ di chuyén mot doan bang
bwéc ren cla truc vit, vi vay téc do di chuyén clia
b6 phan trwgt & phuwong phap nay la cham nhwng
lai c& d6 chinh xac khi chuyé&n déng kha cao. Dung
dong co co bwdc géc cang nho va truc ren cé buéc
ren nhé thi dé chinh xac di chuyén cang cao.

Trong céc loai vit me - dai bc, vit me dai 6c
bi c6 dac diém khac biét bdi ma séat trong cac bo
truyén vit me — dai 6¢ théong thuworng 1a ma sat truot,
con ma sat trong vit me - dai 6c bi [a ma sét téng
hop ca lan va trwot. Pac diém nay lam cho hiéu
suét bo truyén cao hon, mat mat do ma sat it hon,
dap (ng réat tot véi yéu cau khéi dong nhanh va
dirng chinh xac [5].

Téac gia st dung vitme bi két hop ray truot
vudng HGR15R d& lam bd phan dan hwéng
chuyén déng chay dao theo 3 truc ciia may

2.2.3. béng co’ truc chinh

Hinh 4. Spindle ER20 2.2k

Truc chinh m4y CNC la b phén tao ra
chuyén dong quay clia dung cu cat. Chang quyét
dinh téc d6 cat va kha nang tai cat got cia may.
Péng thoi anh huwdng dén dod chinh xac cla cac
san pham chi tiét dwoc gia cong.

V&i may phay CNC thi cac chi tiét thwong
dwoc ga trén ban may, truc chinh may phay CNC

Hoang

thwong gén cac dao phay CNC. Cac cong doan gia
cong cét got, phay mat phang, mat try, banh rang
nhd chuyén déng cla truc chinh tao ra chuyén
déng quay cua phoi két hop véi sy di chuyén cua
ban may.

Do tham gia tryc tiép vao qua trinh gia cong
cac phadm ciling nhw quyét dinh dd chinh xac clta
cac chi tiét, nén truc chinh 1a bd phan rat quan
trong trong céu tao may CNC.

Nhém nghién ctu lywa chon déng co truc
chinh la déng co Spindle 2.2kw ER20, v&i thong sb
ky thuat [6]:

- COng suat: 2.2KW

- Dién ap: 220VAC (Diéu khién qua bién tan)

- Cu&ng dbé dong dién: 8A

- Téc dd téi da: 24.000 vong/phut

- Tan sb t6i da: 400Hz

- Kich thwéc: Budong kinh 80mm

- Chiéu dai than: 240mm

- Pau kep dao: ER20 lam mat bang nwéc

- Spindle 2.2KW st dung 2 vong bi 7005 va
2 vong bi 7002

2.2.4. Dong co dan déng cac truc

x L T /,"- @/
L LS N ) 2

Hinh 5. Béng co Ezi-servo 56L-A-D

V6&i yéu cau vé do chinh xac vi tri cia may

CNC, c6 thé lwa chon ddng co dan dong 3 truc cho
may CNC la déng co bwédc hoac ddng co servo.

DPéi voi dong co budc thi co thé didu khién
chinh xac vi tri géc quay ctia ddng co theo sb xung
diéu khién, nhung cé nhuoc diém la khéng c6 phan
hdi vé vi tri. Do d6, khi cé tai nang thi sé bj trwot
buwéc ddng co trong qua trinh déng co quay ma bd
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diéu khién khong phat hién ra sé dan dén sai s
tich Idy. Do d6, déng co bwéc chi thich hop st
dung trong cac may CNC c& nho.

Pong co servo c6 wu diém la cé encoder
phan héi vi tri lién tuc ctia ddng co trong qua trinh
déng co quay. Do dé, khi c6 tai nang hay tai nhe
thi bo diéu khién ciing lién tuc xac dinh dwoc vi tri
g6c quay clia dong co dé dwa ra tin hiéu diéu khién
thich hop, gilp dong co dat dén goc quay va toc
dd mong mudn. Do d6, déng co servo khac phuc
dwoc nhwoc diém cla dong co bwdc va thich hop
dung trong thiét k&, ché tao cac may CNC c& 16n
hon.

Nhw vay, nhém nghién ctru da quyét dinh lya
chon déng co servo dé ché tao may CNC phay
mach in d& dadm bdo may ludn hoat dong duoc
chinh xac. Loai ddng co nhém nghién ctru st dung
la déng co Ezi-servo 56L-A-D.

V6&i yéu cau vé dd chinh xac cao cia may
CNC, tac gia nghién ctru lwa chon dong co servo
56L-A-D dé lam déng co dan ddng cho céc truc X,
Y, Z. Trong qué trinh van hanh, vi tri ddng co lién
tuc dwoc phan hbi vé driver diéu khién, do d6 viéc
diéu khién vi tri cia may dwoc ddm bao chinh xAc.
2.2.5. Mach diéu khién may

Mach diéu khién trung tam 1a mét thanh phan
khéng thé thiéu trong bat ky mdt may mdc, thiét bi
nao. N6 diéu khién toan bd hoat déng cla thiét bj,
bao gdm: doc di¥ liéu tlr cAc cdm bién, nhan 1&énh
diéu khién tr may tinh, truyén théng dir liéu 1én
may tinh, diéu khién hoat déng cta cac déng co
dan déng, dong co truc chinh,... Mot thiét bi muén
hoat déng dwgc théng minh va linh hoat thi mach
diéu khién trung tam can phai dwoc 1ap trinh tét.

Yéu cau can c6 dbi véi mach diéu khién trung
tdm cua may phay mach CNC:

- C6 cbng giao tiép v&i may tinh, dé co thé
nhan I&énh diéu khién tr chwong trinh phan mém
trén may tinh. Yéu cau téc do truyén di liéu phai
nhanh, dé& mach c6 thé dap (rng kip véi cac lénh
diéu khién tr may tinh khi may chay téc do cao.

- C6 céac ngd ra thich hop diéu khién cho
driver déng co servo dan déng truc 3 truc X, Y, Z.

Hoang

Mbi déng co nay dwoc diéu khién bdi 2 dwdng tin
hiéu la: Tin hiéu xung (Pulse), va tin hiéu hwéng
(Direction). Dong co' sé quay theo 1 trong 2 chiéu
can ct vao tin hiéu tlr chan diéu khién hwéng, va
quay mét lwong géc quay va téc dd can clr vao tin
hiéu ttr chan diéu khién xung.

- C6 ngd ra thich hop dé diéu khién déng co
truc chinh quay véi tbc d mong muédn.

- C6 céac ngd vao két ndi cac cam bién gidi
han hanh trinh cta cac truc. Trong qua trinh chay
may thi cdm bién gi¢i han hanh trinh 1a rat can
thiét, gidp cho may khong bi chay qué khung hanh
trinh c6 thé dan t¢i hdng may.

Dwa trén cac yéu cau dbi voi bo diéu khién,
nhém nghién clru st dung bo mach CNC MACHS3
LPT lam mach diéu khién trung tam cho may.

& @@\9 QC’)@O@@@@OO@Q .

Hinh 6. Bo mach CNC Mach3 LPT
Dac diém: [7]
- Hoan toan twong thich v&i phan mém
MACHS3 diéu khién may CNC.
- Giao tiép v&i may tinh qua cdng LPT tbc do

cao.

- CAp ngudn qua cdng USB va cac thiét b
ngoai vi déc 1ap nham tranh séc dién cho may tinh
khi van hanh.

- Pién &p ngudn ngoai co thé thay ddi trong
khoang twv 12V dén 24V.

- T4t ca céc tin hiéu vao déu dwoc bao vé
bang cach ly quang dé bao vé mach.

- St dung 1 ro le, cé thé dung dé diéu khién
spindle (t&t P17).
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- C6 dau ra analog (0 — 10V) dé néi v&i bo
bién tan khi can diéu khién téc do spindle.
- C6 thé diéu khién cung luc téi 5 dong co
bwéec (5 truc).
- C6 thé két ndi voi driver dong co theo Anode
chung hoac Cathode chung.

2.2.6. Bién tan Fuling DZB 2.2kW

Dong co truc chinh s&r dung trong may CNC
st dung dién ap 220VAC, cbng suat 2.2kW. bé
diéu khién téc dd quay cta déng co truc chinh
b&ng mach diéu khién trung tam, can s dung thém
bién tan. Bién tan nhan I&énh diéu khién la tin hiéu
dd réng xung tr mach diéu khién trung tam, tir d6
thay ddi tAn sb cép ra tai, va thay di tbc d6 quay
cua dong co.

Hinh 7. Bién tan Fuling DZB
Théng sé6 co ban bién tan Fuling DZB: [8]

- Bién tan Fuling DZB c6 dai cdng suat va
dién ap nhw sau: 1 pha 200V: 0.1-3.7kW, 3 pha
200V: 0.1-18.5kW, 3 pha 400V: 0.2-18.5kW.

- Kha nang qua tai: 150% trong 60s dbi voi
tai nang, 120% trong 60s dbi v&i tai thuong.

- Tich hop bd xa bén trong trén toan dai cong
suat.

- Tich hop truyén théng: Modbus RTU(
422/485).

- Tan s6 séng mang: 2-15kHz.

- Ché db diéu khién: V/F, Vector vong hé.

- Tan sb ngd ra t6i da: 400Hz.

- Momen khé&i déng 200% & 0.5Hz khi chay
& ché do vector vong hé.

2.3. Thiét ké cum truc Z

(]
w

- TAm dém

- Dong co truc Z

O a& truc

- Gia kep dong co phay
- Tém do

- TAm d&n dong co phay
- Truc vit me

- Truc d&n huéng

- Thanh truot

10- Ray truwot

11- O @& truc vit me

. \ 1
\ \ /

9
TN
8

\
\
\
\ ]
|

(O@VO)U’IAC.AN_;

Hinh 8. Két cAu cum truc Z
Két cAu cum truc Z dwoc thiét ké nhw Hinh
8, c6 chirc ndng dwa dung cu cét tinh tién theo truc
Z trong qua trinh gia céng. Hanh trinh truc Z la
400mm.

2.4. Thiét ké cum truc X

1 2 3 4 5 6 17
E
H,.___ [ il

| uml A
P B

B ———

.

5-0 do tryc vit me
6-0 d& tryc dén huong
7-Véach bén may

1- Bong co dan dong tryc X
2- Khop ndi truc
3- Tryc vit me
4- Tryc dén huéng
Hinh 9. Két cAu cum truc X
Két cAu cum truc X dworc thiét ké nhw Hinh
9, ¢6 chirc nang diéu khién dau dao chuyén doéng

tinh tién theo truc X. Hanh trinh truc X la 450mm.

2.5. Thiét ké cum truc Y

% 1-Dong co dan déng

| truc Y

8 Y6 2-Tam ga ddng co

3-Tam dé& canh bén
ban may

4-Ban may

5-0 d& truc

7 | 6-Truc dan huéng

7-Truc vit me

8-0 dan huéng

b

|
LR S Sl o S

[

e .ﬂ:-—-]i- -|
I

Hinh 10. Két cidu cum truc Y
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Két cAu cum truc Y dworc thiét ké nhw Hinh
10, c6 chirec ndng diéu khién ban may tinh tién theo
truc Y. Hanh trinh truc Y la 650mm.

2.6. Thiét ké hoan chinh may

Hinh 11. Ban vé téng thé may
T cac két qua thiét ké cla tirng cum chi tiét,
tac gia thwc hién ban vé lién két cac két cau tao
thanh ban thiét k& 3D cho may hoan chinh nhw
Hinh 11.
3. Ché tao, van hanh may

3.1. Ché tao hoan thién co khi may

Hinh 12. May CNC hoan thién
May CNC duogc ché tao, 1ap rap cac két ciu
hoan thién nhw Hinh 12.

3.2. So dd céau tric diéu khién may

So dd cAu truc diéu khién may nhw Hinh 13,
trong do:

- May tinh v&i phan mém Mach3: c6 vai trd
nhw bd diéu khién chinh, diéu khién toan bo hé

Hoang

thdng. Bo mach BOB Mach3 & mach phan ctng,
c6 nhiém vu truyén tin hiéu diéu khién tlr phan
mém trén may tinh ra cac co ciu chap hanh.

- Bbéng co cac truc X, Y, Z va driver déng co:
c6 nhiém vu dan dong dén dau dao dé hinh thanh
chuyén déng gia céng mach.

- C&c cong tac hanh trinh: gi¢i han hanh trinh
cho chuyén dong céc truc, nham ngan nglra cac
truc va cham t¢i diém giéi han sé gay héng chi tiét.

- Cong tdc ESTOP: ¢dng tac khan cép, khi cé
hién twong bat thuweng xay ra thi ngwdi dung an
cong tac khan cap sé dirng toan bod hoat dong may.

May Tinh

BOB Mach3
| Dri river |
L Spindle

‘ Driver ‘ Dmcr
Motor
X Y Z
] Home ] [ Limit ] ’ Home | | Limit ] ’ Home ] | Limit ]

—

ESTOP

Hinh 13. So d6 cAu truc diéu khién may
3.3. Phan mém diéu khién Mach3

R e

A1 o 1 G G044 5 0 587

Hinh 14. Giao dién phan mém Mach3

Trong thuc té c6 rat nhiéu phan mém co thé
diéu khién cho may CNC nhw phadn mém: Fanuc,
NCstudio, Mach3.... Tac gid chon phan mém diéu
khién may la Mach3 vi chirc ndng ctia né da dang,
giao dién dep, dé dang thiét lap cac thdng sé cua
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may, dé st dung, va la phdn mém mién phi [7].
Giao dién phan mém nhw Hinh 14:
1- Vung hién thi Code chay may
2- Vung toa d6 va cac nat chirc nang
3- Vlng hién thi diém dang chay dao cla code
4- Vung thao tac cac chirc nang lam viéc
5- Vung thé hién dao sé bao nhiéu (phuc vu cho
viéc tw dong thay dao néu may c6 chirc nang thay
dao ty déng)
6- Vung hién thj téc dd di chuyén cla céc truc
7- Vung théng sb [am viéc cta Spindle
3.4. Quy trinh van hanh may CNC phay mach in
- Bwéc 1: Lam sach bé mét chi tiét
Kiém tra va lam sach bé mat chi tiét, ban
may, ddm bao khéng c6 nwéc, dau, dao cat hay
vat liéu cl con sét lai.

Hinh 15. Lam sach bé& mét chi tiét
- Bwéc 2: Khéi chay phan mém
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Hinh 16. Kh&i chay phan mém

Kh&i chay phdn mém Mach3, 4n nat Reset
dé s&n sang lam viéc, &n nat home dé dwa may vé
vi tri gi&i han hanh trinh, bat gi¢i han mém khéng
ché hanh trinh ctia may.

- Bwéc 3: Cai dat phoi

Hinh 17 Cai dat ph0|
Gé cb dinh phdi vao ban may s dung cac
dau kep. Diéu khién cac truc X, Y, Z di chuyén dén
vi tri bat d4u lam viéc va cai dat lam diém gbc toa
dé (0, 0, 0) cua may.

- Bwér 4: Kiém tra nwéc lam mat

Nwdéc lam mat c6 tac dung tan nhiét cho déng
co truc chinh trong qué trinh lam viéc, giup tang
tudi tho cho déng co. Trwdc khi chay can kiém tra
nwéc lam mat c6 dwoc cung cip day da, va dong
co bom nwéc lam mat cé hoat dong hay khdng.

- Bwoc 5: Tai chuong trinh GCODE

e o By T e B e e
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Hinh 18. Tai chwong trinh GCODE

An nat Load G-Code, sau do tim dén file
GCODE dé nap chwong trinh GCODE Ién may.

- Bwéx 6: Tién hanh chay may

BAm nut “Cycle Start” dé bat diu chay may.
Trong qué trinh chay may, cé thé theo dai lién tuc
gia tri cac toa dd dau dao dwoc hién thi Ién; co thé
tang hoac giam téc do chay dao sao cho ddm bao
an toan. Bé tam dirng chwong trinh, &4n nit “Feed
Hold”, dé tiép tuc gia céng 4n nut “Start”. Nguoi
van hanh can can than doc trng dong 1énh chay
may, theo dbi tirng chuyén déng ctia may, néu thay
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c6 hién twong bat thwdng thi 4n nat dirng khan cap
dé tranh xay ra |6i gay héng may.

- Bwéc 7: Dirng may va kiém tra san pham

Sau khi da hoan thanh gia cong san pham,
bam nit tdt may. Sau d6 can thdo dao khéi mam
cap, don sach vang lam viéc. Can d&t dao & vj tri
ban dau dé dé dang tim thay né khi gia cong lan
sau. Ngwdi van hanh nén kiém tra, do lwérng cac
sai sb cha san phadm va danh gia chat lwong, dé
dam bao san pham gia céng c6 chét lwong va do
chinh xac cao nhét.

Hinh 19. Mach sau khi gia céng bdng may CNC

3.5. 'ng dung trong cong tac dao tao

|‘|
¥

_ ‘ . d‘.s.f e sl
Hinh 20. Yng dung may CNC trong cong tac dao
tao

May CNC phay mach in da dwgc van hanh
thtr nghiém nhiéu 1an, dat két qua tét, va dang
duwoc wng dung trong cbng tac dao tao cho sinh
vién trdng Dai hoc Cong nghé Giao théng van tai
thwe hanh mén hoc: “Thuc tap thiét ké mach dién

kil

.
4. Két luan

Trong ndi dung nghién ctru nay, tac gia da
trinh bay mot sé két qua nghién clru thiét ké va ché

Hoang

tao may CNC phay mach in. May da dwoc ché tao

va chay tht nhiéu lan dat két qua tét:

- May dé van hanh, dé bao tri va bao dwéng.

- Gia cdng dwoc mach ¢é do rong duwdng day
nhé c& 0.4mm.

- Puworng mach sau khi gia cong sac nét va
khbng bi dut.

- Do chinh x&c 1a tuyét dbi.

- Khoang céach gitra céc 16 khoan chan linh
kién chinh xac theo kich thwéc thuc té, dé dang
cam duang nhirng linh kién c6 nhiéu chan.

- C6 thé ng dung phuc vu tét cho cong tac
dao tao cho sinh vién thwc hanh mén hoc.

L&i cam on

Nghién clru dwoc tai trg b&i treong Dai hoc
Céng nghé Giao thdng van tai dwdi dang dé tai
nghién cu khoa hoc cép trwong, ma sb
DTTD2021-08.

Tac gia chan thanh cdm on sy hd tro tai
chinh cla trwdng Pai hoc Céng nghé Giao théng
van tai cho dé tai “Nghién ctu, thiét k&, ché tao
may phay mach CNC phuc vu cong tac dao tao cho
sinh vién trworng Dai hoc Cong nghé GTVT”, méa sb
BTTD2021-08.
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