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TOM TAT

Cuea 1ong 1a mot thiét bi théng dung véi hedi cwa thang phéi hop chuyén déng tinh tién khir
héi ciia lwdi cdt ciing véi chuyén déng di tdi ciia cwa dé cdt cdc loai vt liéu kim logi cling nhuw phi
kim logi. C6 nhiéu co cau ding dé bién chuyén dong quay ciia déng co thanh chuyén dong tinh tién
khir hoi ciia lwdi cwa, nhung phé bién nhat la co cdu sin, co cdu tay quay con triegt, va co cdu cam
thung. Bai bao trinh bay khao sat dac tinh dong hoc va dong luc hoc cua ba co cau trén véi gia thiét
ciing mot cong sudt, cung chuyén vi cia lwdi cua trong mot vong quay dong co, va khoi lwong cdc
co cdu la twong doi nhw nhau. Két qua cho thdy véi ciing mét cong sudt, co cdu tay quay con trieot
cho liee cdt 16m nhat, tiép d6 la co cdu sin va cudi ciing la co cau cam thung. Do do, khi thiét ké cua
Iong, co cdu tay quay con trueot c6 thé xem la lia chon phit hop véi muc dich si dung.

T khoa: Mdy cuea Iong; S6 rang trén 1 inch chiéu dai; Co cdu tay quay — con truot.
ABSTRACT

A reciprocating saw is a common tool with a straight blade that coordinates reciprocating
translational motion of the cutting blade with the forward motion of the saw to cut various types
of materials, both metallic and non-metallic. There are several mechanisms used to convert the
rotary motion of the motor into the reciprocating translational motion of the saw blade, but the most
common ones are the sin mechanism, the slider-crank mechanism, and the barrel cam mechanism.
This article presents a study of the dynamic and kinetic characteristics of these three mechanisms
under the assumption of equal power, the same displacement of the saw blade in one revolution of
the motor, and roughly equal masses of the mechanisms. The results indicate that, with the same
power, the crank-arm slider mechanism provides the highest cutting force, followed by the crank
mechanism and, lastly, the cam mechanism. Therefore, when designing a reciprocating saw, the
crank-arm slider mechanism can be considered a suitable choice for the intended purpose.

Keywords: Jigsaw machine; Teeth per inch; Crank-arm slider mechanism.
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1. TONG QUAN

Cac phuong phap cua: Cua 1ong 1a mot
trong nhimg phuong phap gia cong cat got dé
cit phoi, dung cu cit 1a nhitng ludi dao c6 nhiéu
rang nho. Mdi rang sé& loai bd mot phan nho cia
phoi trén chiéu dai lam viéc cia ring.

Kha nang cong nghé ctia cua: Phuong
phap cua c6 thé dugc sir dung trén nhidu vat
li¢u khac nhau nhu kim loai hodc phi kim loai.
Tuy vao yéu cau, co thé cua duong thang hodc
duodng cong.

Ludi cua: Tuy thudc vao loai cua ma
ludi cua c6 nhiéu loai khac nhau, tuy nhién
trong pham vi nghién ctru cua bai bao nay chi
tim hiéu veé lu’(n cua dung trong may cua long
Nhirng yeu to dé chon ludi cua co thé ké dén:
chan cam, sb rang, loai vat li€u va hinh dang

rang [1], [2].

S6 luong rang (TPI): Sé ring trén mot
inch chiéu dai ludi anh huéng dén téc do va
d6 min cta duong cat. TPI thap, tbc do cit
s¢ nhanh hon nhung thd hon, phu hop dé cat
cac loai gb. Ludi cua dung dé cat kim loai va
nhimg vt liéu ctg khac can s6 TPI cao hon,
tdc d6 cit cham hon nhung duong cit s& min
hon. Thong thuong TPI = 6 + 20: cho gd, vat
liéu mém; 14 + 36: cho kim loai; va > 36:
cho céc vat li€éu dac biét nhu kinh (glass).

Vat liéu ludi cua: Ludi cua dugc ché
tao chii yéu 1a tir hai loai thép: high carbon
steel (HCS) va high speed steel (HSS). Ngoai
ra, con c6 loai Bi-Metal (BiM) két hop tir HCS
va HSS, loai vat liéu Tungsten Carbide (TC) va
Diamond Grid [3].

Bién dang ring: Hinh dang va cach sip
xép cua rang trén ludi cua dong vai trd quan
trong trong toc do cat va chat luong cit. C6 nim
loai rang pho bién duoc chia thanh hai nhom

chinh: “Milled Tooth” va “Ground Tooth” [4].

Milled Tooth: Loai rang nay cun hon
loai ring “Ground Tooth”, khién duong cit s&
tho, tbc do cat nhanh hon. Két cu ring khién
rang bao mon vat liéu tot, phu hop dé cat cac vat
liu day.

Loai rang | Hinh dang Ung dung

Dung dé cua thing,
nhanh, thé qua go,
nhom, kim loai
mau va nhuya.

Milled | ]| — |
Stide | I

Rang cua duoc
sap xép dang luon
- song dung cho céc
vét cua théng, min
trén van dam, van
¢p, nhom, nhya va

thép nhe.

Milled
Wavy

A i’ e R e e e i e

Ground Tooth: Rang cua loai nay dugc
mai st hon giup dudng cwa min, tuy nhién van
toc cwa giam, dong thoi phan rang cua in nhiéu
vao vat liéu khién ludi nhanh mon hon.

Loairiang | Hinh dang ['I’ng dung
Dang rang nay cho
phép cua ca duong

G;(i)lll:d ﬂ C: thang va duong
er—==—=| cong trén vt liéu gb
va mot sO loai nhura.

Rang dang con

duoc xép thang

Ground hang gitp dudng

.
W Q cua chinh xac, sach.

Taper cr—r—r—r | (¢ thé 4p dung cho
duong cua thang va
cong.
Hudng cua rang
Ground | - bi ngugc. Dung

Reverse |H e cho cua van ép,
———| melamine va cac vit

liéu gion.
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Chiéu sdu cat: Cac loai may cua phd
bién trén thi truong co thé c6 cac chidu sdu cit
khéac nhau dbi véi cac vat lieu khac nhau. Go:
thong thudng cé thé cat gd voi do sau tir 40 +
150; Kim loai mau: may cua long thuong co
chiéu sau cit tir 10 + 40; Thép nhe: chiéu sau
cit ciia may cua 1ong giam di dang ké vi thép
c6 do bén cimg hon nhiéu so voi gd hodc kim
loai mau, roi vao tam 5 + 15. Can luu ¥ ring
kha ning cit ciia may cua 16ng khong nhiing
phu thude vao vat liéu c6 thé cat, ma phu thude
vao cong suat dong co.

Kha ning cit: Kha ning cit ciia may
cua 10ng phu thudc vao cac yéu td: cong suat
dong co (hodc dién ap dong co), do dich dao va
tde do cit.

Cong suat: thong thuong cong suit cua
may cua long khoang 400W + 900W.

D¢ dich dao: khoang céch tdi da cua
ludi dao khi dich chuyén 1én-xudng khi cit,
thong thuong 18 + 26.

Toc do cat: thong thuong téc do cit
ctia ludi cua duoc tinh bang s6 1an ludi cwa 1én
hodc xubng/phit (spm), may cua 1ong thudong
c6 tde do cat bang 500 + 3500spm. Tc do cao
(> 2000spm) s& anh huong khi cit cac vat ligu
nhu nhyua, kim loai do sinh nhiét lam bién dang
nén khi cit cac vat liéu trén s& dung tdc do thép
hon. Thong thuong, toc do cat sé dugc chon
dua theo kinh nghiém [5].

* Nguyén ly chuyén dong ciia may cwa:

C6 nhiéu co céu dung dé bién chuyén
dong quay ctia dong co thanh chuyén dong tinh
tién khir hoi ctia ludi cua, nhung phd bién nhat
1a co cdu sin, co cdu tay quay con trugt, va co
cAu cam thung.
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Co cau sin:

Patent US4628606

Hinh 1. Co cau sin

Uu diém: Co céu sin c6 luc cit cao
nhd vao gia toc 16n. Su chuyén ddi truc tiép tir
chuyén dong quay sang chuyén dong tinh tién
tang hiéu suit cia may. Két cdu don gian.

Nhuoc diém: Tinh mai mon cao do cé
ma sat gitra 0 1an va ranh, lyc tiép xuc cao.

Co céu tay quay con truot:

Patent US20210107076

Hinh 2. Co cdu tay quay con trueot
Uu diém: Co ciu tay quay con trugt
khong c6 nhiéu khau, khép nén hi¢u suat cao.

Két cau don gian.

Nhuoc diém: Gia toc ctia co cau khong

cao bang co cau sin.
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Co cau cam thung:

A
7.2 =22 %/0)

Patent US20210107076

Hinh 3. Co cdu cam thing

Uu diém: Ban than cam thung 13 mot
banh da, do d6 moé-men quan tinh cia co ciu
cao, dan dén luc cét cao hon. Co cdu cam c¢6
thiét ké gon, chac chan.

Nhuoc diém: Ma sat gitta con lan va
cam dan dén mai mon, qud trinh san xuat cam
phtc tap.

2. PHAN TiCH PONG HQC VA PONG
LUC HQC

Phéan tich dong hoc:

Co cau sin

Cho: A(x,;y,); 1 @
Phén tich chuyén vi:

a=[xa ya 0 p=1[xpg yg 0J;

B=[x3 y3 0@, =[0 0 ¢];
o =[0 0 o]

Chuyén vi diém B(x,; yy):

XxXp = x4 + lyp sin @,
¥g = Ya + lapcos o,

Vi tri khau 3 (Iudi cua):
X3 — .xA
= (yg —ya) + [lgp— (xf — x2
Y3 Yp — Va BD B A

Phan tich van tde:

Van téc diém A(x RN
v,=[0 0 0]

Van toc toc diém B(x,; yp):
T_?)B = T})A + C!_J)l X‘FBA
= [~(vp —ya)w: (xp —x4)w; 0]
Khau 3 tinh tién theo phuong y:

v3=[0 (xp—x4)w; 0]

Phén tich gia tdc:

Gia tdc khau 1:
;=0 0 0];a;=[0 0 0]

Gia tc diém B(x,; yp):

&B :&A—I-C_fl XFBA‘l‘(A_))]_X(C!_)’l XFBA)

= —[(xg — xa)wf Vg — ya)wi 0]
Khau 3 tinh tién theo phuong y:
d3 =[0 —(yp —ya)wi O]

Co céu tay quay con trugt:

Cho: A(x,; y,)s L L 0,
Phén tich chuyén vi:

Ta=[x4a ya O %3=[xg yp O]

e =[xc Yy 0; 91 =00 0 ¢];

v, =00 0 0]
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Vi tri diém B(x;; yy):

X, =X, lAB sin, |
Yp = Ya T Ly cos,,

Vi tri diem C(x; y,):

X = Xy

Ye = Vs — Ya) +Jl§c_ (xg_xj

Phan tich vén tdc:

Vin toc diém B(x,; yy):

Up = Vg + @y XTga = [—(vp —Ya)wy (xp —x)w; 0]
Van toc diém C(x; y.):

I R A GO A |

Ve =Vp + Wy X¥ep = | (xp —xx)w; + (x¢ — xp)w,

0
Khau 3 di chuyén theo phuong y nén:

—(yp —ya)wy — (y¢ —yplw, =0
Suy ra:
_ —(Vp —ya) X @y
? Yc — VB

!

0
Ve = |(xp — x0)wq + (x¢ — xB)CUZN
0

Phén tich gia tdc:

Gia toc diém B(x,; yp):

dg =y + & X7y + &y X (@ X Tga) = | (v — ya)w?

—(xp — XA)wf]
0
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Gia tc diém Cxe Yo

&C:§B+&2XFCB+52X(52XFCB)

Khau 3 di chuyén theo phuong y:

—(xp — XA)CU% — (e —ypla; — (x¢ — XB)CUEZ! =0

Tir d6, gia toc goc khau 2 1a:

(xg — x4)w? + (xc — xp) w2
Yc — VB
Gia téc diém Cxes Yo

dy = —

i- =[0 a 0],

véiag = —(vg —ya)of + (xc — xp)a, — (yg — ya) w3

Co cau cam thung:

bé thlet ké cam cho may cua long,
chuyén vi ciia can nén duoc t61 wu cho viée cit,
tic khong c6 thoi gian can dung yén khi cam
quay, luc cat duoc tao ra nén 13 cao nhat, tirc
gia tdc cla can nen 1a 16n nhit. C6 nhiéu loai
chuyen vi cua can, chon loai chuyen vi full rise
and full return simple harmonic motion vi cd
gia tc 16n nhat. Dé tinh chuyén vi, van tdc va
gia tbc, ta dung cac phuong trinh chuyén dong
cua full rise and full return simple harmonic
motion [7].

Phéan tich dong luc hoc:

Ky hiéu:
p’i = {;’i + F}i = mig— mi&i
MGi = _IGL&I.

Vo1, g Hang s6 trong lyc; 1, M6-men
quan tinh khéu i;e: Gia toc goc khau i ? Luc
can khi cat. Ap dung nguyén ly cong do:

ﬁcba_jl + EI"‘_{’GI:Q_J’I: + Eﬁpiﬁsi + F’CT})S = 0

&
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Co cau sin:

ﬁcba_jl + p’lﬁGl + I_:;ZT})GZ + p’ST})Gg + ﬁc'l'}’g = 0

Co céu tay quay con trugt:

My @y + Mg, @, + Mg, @, + Pyiig, + Py, + Pyiog, + Feiig =0

Co cau cam thung:
MCBO_J’]_ + Pz‘f_}Gz + Fc'f_}z = 0

3. KET QUA MO PHONG

Gia str ba co ciu trén déu co cing mot
chuyén vi (do dich dao), tbe do gbc khau dan
nhu nhau, cung mét lyc can khi cat nhu nhau va
khdi lugng twong ddi giéng nhau, sir dung phan
mém Matlab dé md phong nhitng phan tich &
Phan II.

Véi toe do cat 1a 2400spm, d6 dich dao
20mm (may cua 1ong Ingco mau CJSLIS501)
va lyc cdt 1a F = 207N [8], ta c6 két qud nhu
sau:

Van tée lwdi cwa

sin

RN ~—~~ Tayquay controt
1 v X Cam Thing
7/
// \
/ “\
r \
N
2 |/
€ of
s 0 i
/
N /
\ /
R \ /

0 50 100 150 200 250 300 350
phi, o

Gia téc lw&i cwa

sin
150 — “ 7 Tayquaycontuot
/ Cam Thing
i/ N\

a,mis?

50 /

-100) //
Vi N

-150

-200
0 50 100 150 200 250 300 350

phi, do

Hinh 4. P6 thi dong hoc

Momen céan bang
: : T

25
Sin
— == Tayquay contruot
Cam Thing
€
z
c
17}
£
S
=
-
05 . . . . . . .
0 50 100 150 200 250 300 350

phi, do

Hinh 5. D6 thi dong luc hoc

Trong truong hop cung modt mod-men
dong co (6 day chon 1a 2Nm), thi luc cit duoc
tao ra:

x 10* Lwc cat cua lwei cwa
: : ; : :

Sin
Tay quay con trugt
Cam Thing

0.8 e

0.6

1| J

Lwc cét, N
o
\
|
|
|
I
I
i
|
i
|
|
H

-0.2rf
-04f
-06r

-0.81

0 50 100 150 200 250 300 350
phi, do

Hinh 5. Dé thi lyc cdt

Trong ca ba co ciu, co thé thdy co ciu
sin va tay quay con truot cho gia toc ludi cua
16n nhat, tuy vy mo-men can bang ctia co cau
tay quay con truot lai 16n hon hai co cdu con
lai. Néu st dung cung mgt mé-men dong co,
co cau tay quay con trugt cho luc cit 1on nhat,
tiép d6 1a co cau sin va cudi cing 14 co cAu cam
thing. Vi vdy, co cu sin va co cdu tay quay
con truot co thé xem 1a lya chon tot khi thiét
ké may cua 16ng (luc cét cao hon va gia cong
dé dang hon co céu cam thung). Co cau cam
thung do thiét ké gon nhe va chic chan, c6 thé

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
40 TAP CHI CO KHI VIET NAM, S6 311+312, thang 1+2 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

dugc dung dé gan 1én thiét bi c6 chuyén dong
quay khéc dé tao thanh chuyén dong tinh tién
(vi du co thé gan 1én may khoan dé tao thanh
may cua).

4. KET LUAN

Bai bao khao sat dac tinh may cua 1ong
(voi1 cac co cau khac nhau tay quay — con
trugt, co ciu sin, co cdu cam thung) vol gia
thiét cung mot cong suat cung chuyen vi cua
ludi cua trong mot vong quay dong co, va khoi
luong cac co cau la tuong ddi nhu nhau. Két
qua md phong cho thiy co ciu tay quay con
truot cho luc cit 16n nhat, tiép d6 1a co céu sin
va cubi ciing 14 co cdu cam thung. Két qua nay
6 thé dugce st dung cho bai toan thiét ké cua
1ong.
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