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TINH TOAN PONG HQC MAY TA-RO REN TU PONG

Cao Thanh Long, Tran Vin Quan’, Ha Pic Thuan
Truong Pai hoc Ky thudt cong nghiép - DH Thai Nguyén

TOM TAT

Bai bao nay trinh bay két qua tinh toan dong hoc nham thiét ké may ta-ro ren tu dong, phuc vu san
Xudt hang loat dai b trong cac thiét bi dién. May thuc hién cac chic nang: dinh hudng va cép
phoi, kep chit, gia cong 16 ren M4 bé'lng ta-ro lién tyuc va hoan toan ty dong. Céc thong $6 dong hoc
duogc tinh toan thlét ké bao gém xich toc d6 va tbc do quay truc chinh, xich dong hoc diéu khién
nham dat nang sudt yéu cau. Két qua gia cong thir nghiém v6i cac thong s6 d3 xac dinh cho thiy
nang suat gia cong ¢c6 thé dat dwoc 35 dai dc/phit. San pham c6 kha nang tmg dung t6t cho cac mod
hinh san xuat hang loat.
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KINEMATIC CALCULATION OF AN AUTOMATIC TAPPING MACHINE
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ABSTRACT

This paper presents the results of the kinetic design of an automatic tapping machine, which
produces threading nuts for electrical devices. The machine performs all functions of separating
and feeding the workpieces, clamping and tapping the M4 nuts automatically. The determined
kinetic papameters includes cutting velocity, kinetic transmission chains, spindle speed and kinetic
control with subject to demanded production rate. The pilot operations showed that the production
rate can reach 35 nuts per minute. The machine designed is promising for mass producing of small
nuts.
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1. Pat van dé

Gia cong ren 1a mot trong nhiing nguyén cong
quan trong trong cong nghiép ché tao. Ren
dugc str dung hodc dé co dinh cac chi tiét may
v6i nhau, hodc dé truyén tai, truyén chuyén
déng gilta cac by phan may. Gia cong ren
bang ta-r6 la mot qua trinh gia cdng dung ta-
1o dé tao ren 16 tiéu chuan. Bién dang ren
dugc tao giéng bién dang ren cua ta-rd. CO
hai dang gia cong bang ta-ro 1a ta-ré bang tay
va ta-r6 bang may [1]. Ta-rd may dugc sir
dung khi san luong, ning suit yéu cau 16n.
Diém can lyu y 14 khi cit ren bang ta-rd,
nhiéu ludi cat dong thoi tham gia cit, din dén
diéu kién cat got khic nghiét, diéu kién thoat
nhi¢t, thoat phoi khé khan nén phat sinh
momen xodn 10n, co thé gay gay ta- ro Do
vay, khong thé gia cong v6i van toc cat 1on.
Nang cao nang suét gia cong la mdt trong
nhitng chi ti€u quan trong khi gia cong ren
bang ta-ro.

Gia cong dai e dién tai cac lang nghé tai Viét
Nam doi hoi nang suét kha 16n. Chang han,
tao ren cho dai 6¢c ciy M4 ~dung trong cac
thiét bi dién dan dung nhu dé 4m, phich cim
nham cung cdp cho nha may SINO va LiOA
theo sd liéu diéu tra cua nhém nghién ciru
khoang 15 triéu chiéc mdi thang. Mot s6 may
ta-r6 ty dong do Nhat Ban san xuit dang dugc
sir dung tai mot s6 lang nghé ap dung nguyén
1y cit lién tuc bang ta-rd du01 cong. Cac mau
may nay co thé dat ning suét gia cong dai oc
dén 28 chiéc/phut. Nhu ciu gia cong mong
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mubn c¢6 may ta-rd ren chuyén ding voi ning
sudt cao hon. Pong thoi, ciing can chu dong
vé thiét bi do kha ning mua sim va sira chira
may nhap ctiia Nhat Ban rit khé khin, chi phi
16n. Bai bao nay trinh bay tinh toan thiét ké
dong hoc may ta-ro dai dc nham dat ning suat
35 chiéc/phit, nham giai quyét nhu cau thuc
té noi trén.

Hién nay, trén thi truong c6 kha nhidu mau
may ta-ré6 ban ty dong, chéng han xem tai
[2,3]. M6t sb nghién ctru ciing dugc thue hién
nham thiét ké va ché tao may gia cong ban tu
dong két hop khoan va ta-ro [4-6]. Cac miu
may nay thuc hién dao chiéu quay truc chinh
sau khi cit xong nham thio ta-rd ra khoi chi
tlet Qué trinh nay mét mat lam giam nang
SUt gla cong, mot mat doi hoi bd sung co cdu
dao chiéu chinh xac, 1am ting gia thanh may.
Hé théng kep chi tiét gia cong ciing chwa
duogc ty dong hoa, dan dén ning suat gia cong
khong cao. Cac may nay cling s€ dugc phan
tich ddi chimg trong phan sau cua bai bao.

2. Co's6 1y thuyét

Pé thyuc hién duge qué trinh cit khi ta-ro ren
dai dc doi hoi phai co tbi thiéu hai chuyén
dong chinh, d6 la phoi gia cong hodc ta-ro
phai quay tron dé tao nén chuyén dong cit va
phai tinh tién (chuyén dong chay dao doc) dé
gia cong hét chidu dai ren tao thanh san pham.
Xuét phat tir ddy, nghién ctru nay lua chon
phuong 4an dung ta-rd chudi cong chuyén
dong tinh tién con phoi gia cong s& thuc hién
chuyén dong 1a quay tron.

(b)

Hinh 1. Pai 6¢ M4 (a) va két cau mot ta-rd chudi cong (b)

Hinh 1a mé ta kich dai dc can gia cong ren. Chi tiét can tao ren 15 hang loat c6 vat liéu la dﬁ)ng
(Copper), da dugc gia cong thanh dang try rong chiéu dai 4 mm, duong kinh ngoai 6 mm, xan
ranh rong 1,5 mm véi chiéu sdu 0,5 mm. Dé gia cong ren M4 tiéu chuan ¢6 bude ren p = 0,7mm,
duong kinh 16 tao trudce trén phéi dugc lya chon 1a 3,3 mm. Cac thong ) nay s€ duoc st dung
cho qua trinh tinh todn dong hoc médy sau nay. Hinh 1b m6 ta két céu cua mdt ta-rd chudi cong,
dung cu cét dugc str dung trén may ta-ro ti dong s& thiét ke gbm phan ludi cat 1), phan can (2)
va phan chudi cong (3). Sau khi dd duoc tao 18 sin, phdi can ta-rd ren s& dugc cip chuyén dong
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quay tuong dbi véi cac ludi cat (1) cua ta-rd. Sau khi gia cong xong, san pham dai 6c s& dy nhau
dich chuyén sang phan can (2) va cubi cung dén phan chudi cong (3). Rd rang, viéc sur dung ta-ro
chudi cong khong doi hoi quay dao chidu ta-r6 nham thao dai ¢ ra sau khi két thuc qua trinh cat
ren. Didu nay s& lam giam dang ké thoi gian chay khong, tir d6 tao diéu kién dé nang cao ning

suét gia cong.

(@)

Hinh 2. So do nguyén Iy ta-ré tw dong (a) va cdp phéi tw déng vao é tich (b)

Xuét phat tir ¥ tuéng do, trén Hinh 2a, nghién
cru nay dé& xuat can thuc hién nam chuyén
dong gém Si1, S, Ss, S, va n, dé hoan thanh
tién trinh ta-ro ren 16 M4 tir lac cdp phoi dén
khi nhan duoc san phﬁm. Trude hét, cac phoi
(4) duoc cap lién tuc vao 6 tich phéi (5) va co
chuyén dong S; tir trén xubng dudi nho trong
lyc. Khi bat dau gia cong, ty day phoi (10) s&
thue hién chuyén dong S, dé day phoi (4) vao
san-ga kep (9). San-ga kep chat phoi voi luc
w ddng thoi thuc hién chuyén dong quay n,
quanh truc dé tao nén chuyén dong cit chinh.
Trong khi d6, ta-r6 chudi cong (7) s€ thuc
hién chuyén dong tién dao doc S, dé gia cong
hét chidu dai dai 6c. RS rang, qua trinh cit
xdy ra ¢ day ciling tuwong ty nhu qua trinh an
khép cua cip vit me — dai b¢ nén ta-r6 (7) s&
tu dong thuc hién chuyén dong chay dao doc S4
dé cit ren trén toan bd chiéu dai dai ¢ phai gia
cong. Két thiic qua trinh gia cong, céc san pham
dai 6c (8) s& lan luot ty ddy nhau thuc hién
chuyén dong S; dén phan chudi cong cé kich
thude nho hon va thoat ra ngoai.

Dé cap phoi ty dong, so dd nguyén 1y cau tao
co ciu cap phoi ty dong vao 6 tich phdi dugc
nghién cru nay lya chon nhu trén Hinh 2b.
Phéu chira phéi c6 d6 déc, ddy duogc tao ranh
(3) ¢6 chiéu rong 4,5mm nén phéi chua dinh
huéng (2) ludn c6 xu huéng di chuyén vé
phia ranh. Do kich thude phoi (d x L = 6 x 4,

mm) nén chi cé phoi tu dinh hudng dung méi
¢6 kha ning roi vao ranh. Dé dam béo cap dugc
35 phoi/ph doi hdi tay gat dinh hudng phoi (1)
phéi chuyén dong lic qua lai quanh chdt ban 18
v6i tan sudt 35 chu ky/ph, nghia 14 tmg voi mdi
hanh trinh lic cua tay gat (1) s& chi c6 mot phoi
gia cong dugc roi vao 6 tich phoi (5).

3. Tinh toan dong hoc

3.1. Lwa chon so do dong hoc mdy ta-ré ren
tw dong

Pé may tu dong hoan toan thi viéc cip phoi,
ta-rd ren va thu hoi san pham dai 6¢ sau khi
gia cong phai ty dong hoan toan. Pé thuc hién
va dé dang diéu khién cac chuyén dong Sy, S,
va n, ¢6 thé sir dung hai phuong an. Phuong
an din dong doc 1ap trong d6 mdi chuyén
dong trén s& dugc thuc hién bing mot dong
co riéng biét. Phuong an nay ro rang lam téng
chi phi ciia may va giam hiéu suit sit dung
dang ké do viéc str dung nhiéu dong co dién.
Trong nghién ctru nay, phuong 4n din dong
chung dugce nhém tac gia lya chon. Uu diém
ctia phwong 4n dan dong chung 1a chi sir dung
chung mot dong co (M) dé thuc hién dong
thoi cac chuyén dong thong qua cac bo truyén
va két cdu co khi. Phuong 4n dan dong chung
dugc thé hién boi so dd dong hoc nhu trén
Hinh 3, trong d6 i, 1a xich tbc do va i 1a xich
diéu khién.
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Hinh 3. So do déng hoc may ta-ré ren tw dong: (4) Phéi da dinh hieong; ) O tich phéi; (6) Phéi dang ta-
ro; (7) Mii ta-rd; (8) Phanh; (9) Quad vang kep; (10) San-ga; (11) Ty day; (12) Truc Cam; (13) Cam
phanh truc chinh; (14) Cam ddy phoi da dinh hwong; (15) Cam ty day.

So db dong hoc ctia may ta-rd6 ren tg dong
dugc chia ra hai khéi co ban: (i) khéi gia cong
dam bao kep chit dugc phoi dé thuc hién
chuyén dong cat chinh; (ii) khéi diéu khién
thuc hién cac chirc nang chinh 1a cip phdi vao
b tich trudc ving day, diy phdi vao san-ga
kep dong thoi cp tin hiéu didu khién dé nha
phoi ra khoi san-ga.

3.2. Dong hoc khoi gia cong va kep phoi
Trong qua trinh gia cong, ddng co chinh (M)
voi tde dd Npowor & truyén chuyén dong dén
tryuc chinh cia may ta-rd thong qua xich toc
do i, dé tao nén chuyén dong cit n,. Ta c6:

N, = Nyoror X1y NAY 1, = 1)

motor
motor

Theo [7], téc d6 quay cua truc chinh tao nén

chuyén dong khi ta-r6 ren duoc xac dinh theo

cong thtrc sau:
~97,028xv,

97,028x80
n, = r =

=1940 (vg/ ph)
tap

)
Trong d6, v, la tbc d6 cit khuyén nghi,
thuong chon trong khoang 60+80 SFM
(Surface feet per minute); dip 18 duong kinh
ta-rd, tinh b?mg mm. Van téc v, duoc chon 80

SFM, duong kinh ta-ré di, = 4 mm duoc sur
dung nhu trong cong thuc (2).
Véi bude ren ta-r6 p = 0,7mm va téc d6 quay
N, = 1940 vg/ph nhu trén, thoi gian can thiét
dé ta-r6 dugc mot dai b la:
L 60x(ly +lg)  60x(4+18)
pxn, pxn, 0,7x1940

~097 (5) (3)

Trong d6, lny = 4mm la chidu dai dai dc; lap =
18mm 1a chiéu dai phan c6 ludi cét cia ta-ro.
Nhu vay, vé mit 1y tudng, trong mot phit co
thé gia cong dugc khoang 62 dai dc. Tuy
nhién, qua trinh thuc t& can phai c6 thoi gian
thio chi tiét ra khoi san-ga kep nén nghién
ctru lya chon sb lugng san phém ta-rd6 duoc
trong mot phut 1a 35 dé tién hanh thiét ké va
tinh toan dong hoc.

3.2.1. Thiét ké xich toc do cdt chinh iy

Chuyén dong cit chinh tir dong co dwoc cip
dén tryc chinh cia may c6 thé duoc thuc hién
theo nhiéu phuong an nhu dung cac cap banh
ring, ding cc bd truyén dai cho xich tdc do
iy. Trong do, truc chinh co thé nhan duogc
nhidu téc do khic nhau. Tuy nhién, trong
nghién ctru nay, may ta-rd tu dong dugc thiét
ké voi muc tiéu chuyén dung dé gia cong mot
¢& dai 6¢ (Hinh 1a) nén truc chinh tao chuyén
dong cit chi can mot cép tbc do. Do téc do
quay 1én nén nhom tac gia lya chon xich toc
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d6 gdm cac bo truyén dai, c6 vu diém la phi
hop véi khoang cach truc 16n, lam viéc ém &
van tdc cao. Dong co dién ¢ trong so dd nay
duoc lya chon 1a loai 3 pha cé cong suét
0,375kW, tc d6 quay 1450 vg/ph.

So dd truyén dong dugc thé hién nhu trén
Hinh 4. Trong so d0 nay, dong co dién (1)
truyén chuyén dong dén truc chinh (9) thong
qua ba bd truyén dai. Bo tmyén dai thang (3)
co t1 $b truyen Ipeit1; DO truyen dai thang (4) c6
t1 $6 truyen Ipeiz Va bo truyen dai det (5) co ti
sO truyén ipeys. Trong bd truyén dai (5), pu-ly
bi dong duogc thiét ké thanh hai khdi, trong d6
pu-ly (6) lap c¢6 dinh véi truc chlnh con pu-ly
(7) lap véi truc chinh bang o lan. Khi gia
cong, bo truyén dai (5) sé truyén chuyén dong
cho pu-ly (6) lam tryc chinh quay. Khi gia
cong xong, tin hiéu diéu khién (10) s& tac
dong lam dai det truyén chuyén dong cho pu-
ly (7), dong thoi phanh (8) s& phanh truc
chinh lai.

@)

®) )
D (6) : ©
T @ L

(3)1 (4)
®) @

] ]

Hinh 4. So do dong hoc xich téc do cia may ta-ré
tw dong

Theo biéu thirc (1) va so d6 dong hoc (Hinh ), ta
6 c6 thé xac dinh duge xich tde do nhu sau:

Iy = et X Tpeitz X Tpeita 4)
Ti sb truyén cua cac bo truyén trong xich tdc
d6 dugc lya chon 1an luot nhu sau:

9]

. DNgara 1450

Ibeltl YT
nmotor 1450
nshaftZ . 1450

i ===
belt2 nSham 1450

n
Ipeieg = e 139 =0,747

n, 1940

Tir d6, xich toc d6 ciia may ta-rd la:
iy=1x1x0,74=0,74

3.2.2. Béng hoc co cdu kep phéi va thdo san
phdm ra khéi viing kep

Pé tu dong kep phodi vao san-ga khi ta-ro va
nha san pham sau khi gia cong xong, nghién
ciu nay st dung co ciu kep chat phoi theo
nguyén 1y don bay (Hinh ) vao luc ly tdm
trong qua trinh quay cua truc chinh. Nhu vy,
truc chinh ctia dong co phai dam bao xen k&
gitra chu lam viéc (tao lyc ly tam dé kep chat
phoi) va ding chuyén dong (dé thao san pham
ra). Dé thyc hién dugc quéa trinh nay, pu-ly
dai bi dong trén truc chinh duoc thiét ké thanh
hai khéi lam viéc doc lap. Trong d6, mot pu-ly
duoc lap 16ng khong véi truc chinh, mot pu-ly
duoc lap cb dinh voi truc chinh (Hinh 4). Day
dai tir pu-ly chu dong s& duoc khdi didu khién
gat sang truyén chuyén dong cho cac pu-ly bi
dong theo dung yéu cau lam viéc.

Luec ly tim kep phoi duge xac dinh theo biéu
thie (5). R rang, luc ly tdm s& 16n nhét khi
dat toc do cat ny, nghia 1a phoi gia cong dam
bao duoc kep chat trong qua trinh ta-ré.

2
Pcent =mra)2 =mxrx(zggzj (5)

Tuy nhién, tryc chinh phai giam nhanh toc do
va dimg han (n, = 0) thi Iyc ly tim kep moi triét
tiéu hoan toan dé thio dwoc san pham sau khi
ta-rd xong ra khoi ving gia céng. Vi vdy, can
thiét phai tién hanh phanh truc chinh. Nghién
clru nay st dung phanh bang day dai thang dé
chong giat va didu khién qua trinh phanh bang
co cau cam thong qua khdi didu khién.

3.3. Dong hoc khoi diéu khién

D¢ thyc hién qua trinh diéu khién cac chirc
nang nhu cap phdi vao 6 tich trudc ving day,
day phdi vao san-ga kep dong thoi cap tin
hi¢u di€u khién d€ nha phdi ra khéi san-ga
mot cach hoan toan tu d@ng va lién tuc, trong
nghién ctru nay, cac co cau cam va h¢ don
dugc ket hop str dung. Theo Hinh 3, chuyén
dong s€ dugc truyén tl‘; truc dong co dén truc
cam (14), voi nang suat gia cong lya chon la
35 dai Oc/ph thi truc cam phai dam bao quay
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déu vai toe do ng = 35 vg/ph. Nhu vay, xich
dong hoc diéu khién i, duoc xac dinh nhu sau:

Ny = Nyoor X e

hay i, = 8 = 1;% 0,024 (6)
motor

So dd dong cua xich diéu khién duoc thé hién
trén Hinh 5. Trong do, dong co (1) truyén
chuyen dong dén truc cam (6) thong qua bo
truyén dai thang (3), dung chung véi xich toc
do, co ti so truyen ibein = 1; qua hop giam tdc
truc vit — banh vit (2) c6 ti so truyen lworm =
1/30 va bo truyén banh ring con (4) cb ti s6
truyén igs = 1. TU ddy, chuyén dong duogc
truyén dén truc cam (6) qua b truyén dai 5 co ti
$6 truyén ipers- Viéc lua chon hop giam tdc truc
vit - banh vit khong nhimg cho phép giam toc
d6 nhanh ma con giup may lam viéc rat ém,
khéng 6n ké ca khi lam viéc ¢ téc do cao.

motor

iy I ), ]
B ©6)
@ (M~
(3{ (O]

@ @)
) e

Hinh 5. So d6 déng xich diéu khién
Nhu vay, tir xich didu khién c6 thé xac dinh
duge ti s6 truyén can thiét cua bo truyén dai
nhu sau:
| - Ibeltl x IWorm x |gear x Ibelt4 (7)
i 0,024 30

—= =0,72
x1 Ix1x1

Ibelt:l X Iwomr gear

C

Ihelt4

Trén truc cam (6) bd tri ba cam diéu khién
(7), (8) va (9). Cam (7) duoc dung dé diéu
khién dong thoi day dai det va phanh tryc
chinh (trén so d6 ddng hoc xich tbc @6, Hinh
2). Cam (8) dugc dung dé dy phéi tir 6 tich
phéi vao ving gia cong (so do dong hoc,
Hlnh 2a) Cam (9) duoc dung dé diéu khién
co ciu cap ph01 tu dong vao 6 tich phdi (so
dd co cu cap phoi ty dong, b), dam bao tao
ra chuyén dong n; voi tan suat 35 hanh trinh
mdi phat.

4. Két luan

So d6 dong hoc may ta-rd ren ty dong phuc
vu san xuit hang loat dai 6¢ dung trong cac
thiét bi dién da duoc nghién ciru, dé xuat va
tinh toan. May dam bao thyc hién cac chuc
nang dinh huéng va cap phoi, kep chat, gia
cong 16 ren M4 véi chiéu dai 4 mm bang ta- -0
lién tuc va hoan toan tu dong tir khau cap
phoi dén khi ra san pham Cac thong sO dong
hoc tinh toan th1et ké duoc, bao gdm: xich tbc
do i, = 0,74 va téc do quay truc chinh n; =
1940 vg/ph; xich dong hoc diéu khién nham
dat ning sudt yéu cau i = 0,024. Thoi gian cit
ren tinh cho mot san pham dai 6¢ v6i chidu
dai 4mm 13 t = 0,97 s. Két qua ché tao may ta-
ro0 ty dong va gia cong thur nghiém voi cac
thong s da xac dinh cho thdy ning suét ta-ro
dat duoc 35 dai éc/ph.

Lo&i cdm on

Nghién ctru nay duge Dai hoc Thai Nguyén
tai tro kinh phi thong qua dé tai ma s
DbH2018-TNO01-01.
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