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PHUONG PHAP LUA CHON CAC THONG SO HINH HOC CUA
CAM XOAY TRONG CO CAU AN TOAN PHONG ROI MAC VO'I CAP
NANG TRONG THANG NANG

METHOD FOR SELECTION OF GEOMETRIC PARAMETERS OF ROTARY CAM
IN SAFETY STRUCTURE TO CONTROL FALL ATTACK WITH LIFT CABLES IN
ELEVATORS
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TOM TAT

Co cdu an toan dwoc ding dé khong ché cho ban nang hay ca-bin roi khi dirt cap hodc ha
qud toc dé cho phép. Déi twong ciia nghién ciru ndy la cam xoay ciia co cdu an toan phong roi mdc
Véi cap ndng. Bai bdo sé dp dung 1y thuyét Hertzian ciia co hoc tiép xiic cho tinh todn dp lic cam
xoay véi ray, sau dé xdy dung bai todn thiét ké va lya chon cdc théng sé véi muc tiéu ddt ra la dp
lirc nhoé nhat va ban kinh tiép xiic nhé nhat. Két qua thir nghiém cho ta bg thong sé hop 1y méi c¢é
hé s6 an toan la 3.28, ban kinh tiép xiic la 100 mm. So sanh gid tri khdo sdt riéng tirng muc tiéu thi
hé s6 an toan tang 187% véi muc tiéu ban kinh cung tron la nhé nhat, ban kinh cung tron banh cam
xoay giam chi bang 21% véi muc tiéu hé sé an toan la I6n nhat.

T khéa: Bdanh cam xoay; Bdn kinh tiép xiic; Cdp ndng; Phanh an toan; Ly thuyét Hertzian.
ABSTRACT

The safety mechanism is used to control the lift table or cabin from falling when the cable
breaks or is lowered beyond the allowable speed. The object of this study is the rotating cam of the
fall control safety mechanism that is entangled with the lifting cable. This article will apply the
Hertzian theory of contact mechanics to calculate the pressure of the rotating cam with the rail, then
build the design problem and select parameters with the goal of minimum pressure and smallest
contact radius. The test results give us a new set of reasonable parameters with a safety factor of
3.28, contact radius of 100 mm. Comparing the survey values for each target separately, the safety
factor increased by 187% with the target of the smallest circular radius, the rotating cam wheel arc
radius decreased by only 21% with the target of a large safety factor best.

Keywords: Rotating cam; Contact radius, Lifting cables; Safety brakes, Hertzian theory. &
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1. PAT VAN PE

Co ciu an toan dugc dung dé khdng ché
cho ban nang roi khi dut cap hodc ha qua tdc
do cho phép. Theo nguyén ly lam viéc ¢6 phanh
dung dot ngdt va phanh dirg ém nhu trong [1],
[2]. Nhitng tinh toan co cdu ném phanh d néu
trong [1] [3]. Theo [1] va [2], phanh dung dot
ngdt mic voi cap nang thuong dung cho thiét
bi ¢6 tdc do nho hon 0,7 m/s, dang kiéu cam
xoay thuong hay dung cho van thang chd hang.
Hinh 1 14 so d6 nguyén 1y co ciu an toan kiéu
cam xoay mic véi cap nang thuong dugc ding
trén cac van thang chd hang. Cap kéo (1) ndi
v6i1 don treo (2). Lo xo (4) chiu nén nén ludn
¢ xu hudng ddy xoay cam ép vao ray dan (6).
Trong qué trinh 1am viéc binh thuong, cap (1)
kéo cang, qua tay don (3) [am cam (5) xoay tao
ra khe hé dé khong tiép xtc vdi ray (6). Trong
truong hop dut cap hoac cap (1) bi chung, 10 xo
(4) tao ra luc xoay cam (5) ép vao ray (6). Dudi
tac dung cua luc ma sat giﬁ:a banh cam va ray,
ban nang di xudng voi tbe d6 cham lam banh
cam tiép tuc xoay tdi diém tiép xuc, cho dén
khi d giit ban nang trén ray (6). Can phai luu y
rang luc ép sinh ra 1a do nguyén 1y lam viéc ctia
co ciu phanh an toan, cho nén viéc tinh toan
thiét ké banh cam xoay rat quan trong dé dam
bao diéu kién an toan, lép dat.

Nhu véy, viéc tiép xuc giita cam xoay
va ray khi phanh phai thoa man cac diéu kién
tinh toan, dic biét 1a ap luc tiép xtc. Ly thuyét
tiép xuc Hertzian dugc dat theo tén cua nha
khoa hoc nguoi Buc Heinrich Hertz, nguoi da
phat trién n6 vao nam 1881 [4]. Trong [5] da
hudng din tinh toan va tra ctru cac dir liéu thiét
ké may va thiét bi nang, trong d6 c6 ap luc tiép
xuc cho phép gitta banh cam va ray. Cac nghién
ctru lién quan dén phanh va co cdu an toan ciing
da néu trong [6-8]. Tuy nhién, co thé thy viéc
nghién ciru co cau an toan khdng ché roi, dic

biét 1a thiét ké cam xoay trong co ciu ndy con
chua duoc phd bién trong cac nghién ciru ting
dung. Ngoai ra, trong [9] cling da ap dung
phuong phéap Taguchi cho bai toan da muc tiéu
d6i v6i may xay dung.
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Hinh 1. So' do co cdu an toan dirng dot ngot ding
banh léch tam:
a) Co cdu an toan phong roi ban néng,
b) Sor do nguyén Iy;
Trong do: 1. Cap kéo, 2. Pon treo, 3. Tay don,
4. Lo xo, 5. Banh cam xoay, 6. Ray

Trén co s cac phan tich trén, ddi tuong
ctia nghién ctru nay 1a cam xoay cho co cdu an
toan khdng ché roi mic voi cap ning. Bai bao
s& ap dung 1y thuyét Hertzian ctia co hoc tiép
xuc cho tinh toan. Sau do, bai bdo xay dung
bai toan thiét ké banh cam bang tinh toan thu
nghiém va lya chon céc thong s6 v6i muc tiéu
dat ra 12 hé sd an toan ap luc tiép xtic 16n nhit,
va ban kinh tiép xtic nho nhat. Nho dap tmg hai
muc tiéu trén nén két qua nghién ctru cho phép
thiét ké cam xoay dam bao diéu kién an toan,
cam xoay co6 kich thudc hinh hoc hop 1y.

2. NOI DUNG NGHIEN CUU
2.1. Co s6 ly thuyét

2.1.1. Ap lwe bé mat tidp xiic theo Iy thuyét
Hertzian
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Hinh 2 thé hién sy tiép xtic giita banh
cam léch tdm va ray, ddy 1a dang tiép xuc
duong. Bé mit tiép xtic 14 hinh chir nhat mot
canh la 2b va mot canh 1a L.

Theo 1y thuyét Hertz, ap luc tiép xiic
16n nhat doc theo dudong tam cuia vung ti€p xuc
hinh chir nhat co6 ap luc cuc dai la:

N

pmax: I 2 2 (1)
pllzu 1-o ),
El Ez

_ Trong do, E vaE, lan luot 1a mé-dl}n
dan hoi cua mét’ tiep xuc (1) va (2), v, va v, lan
lugt 1a cac ty sO Poisson, R 1a ban kinh tuong
duong, N 1a lyc ép banh cam xoay vao ray.

L~
Hinh 2. M6 hinh tinh dp liec bé mdt tiép xiic

L “‘-E
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Hinh 3. M6 hinh tinh toan lyc ép banh cam xoay
vao ray

2.1.2. Phwong phdp tinh todn cdc thong sé
hinh hoc

Truong hop dut cap, phanh an toan tac
dong dot ngot, trong khoang thoi gian rat ngan
ban nang roi tu do a = g. Trong trudong hop nay
c6 thé coi tai trong tinh toan khi roi khi co cau
lam viéc 1a P = 2@, v6i G la trong lugng ca-bin
va tai trong. Tu hinh 1, xét diéu kién can béng
Iuc, ta co:

N=L @)

Trong do, f 1a hé s6 ma sat giita banh
cam xoay va bé mat ray, F 1a lyc ma sat (N), N
1a lyc ép banh cam vao ray (N).

Lay mo-men cac luc v6i tim quay 0 ctia
banh cam (hinh 3), ta co6:

£=1=tana=f 3)
N ¢

Trong d6: c, d 1a khoang céach tir tam
xoay cua cam toi diém ti€p xtc theo phuong
ngang va ding (mm), a 1a goc ma sat (d9).
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Hinh 4. Cac kich thuoc hinh hoc banh cam xoay
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V6i co so 1y thuyét trinh bay & trén, cac
thong s0 hinh hoc mo6 ta & Hinh 4, phuong phéap
khao sat Iya chon cac thong s6 cam xoay nhu
sau:

- Bude 1: Tinh toan céc thong s6 hop 1y
pr= {e,d,f,L} ,bellng thiét ké ma tran tryc giao
de thir nghiém so, danh gia mtc 46 anh hudng
t6i ham dap Gng 14 hé sb an toan va ban kinh
cam xoay bang phin mém Minitab.

Tur hinh 5 va cong thic (3) cho ta cac
quan h¢ d¢ 1éch tam e, d va ban kinh R. Yéu cau
bai toan la R & min:

R:i—e - min €))

Ap luc bé mat tiép xuc la:

P

P | I-v 1-v; )

2

Goi k 1a hé s6 an toan theo ap luc tiép
xuc hai bé mat. Yéu cau bai toan 1a p = min
hay k = max:

L _Ip)

=— - max; k>1 (6)
4
- Budc 2: Tinh toan céac chiéu dai hinh
hoc OA, OB tir X,.

Goi B 1a diém tiép xuc giita banh cam
va ray khi phanh. Khi khong phanh gitr, banh
cam xoay voi diém A 1a diém gan véi ray, c6
khe hé A. Cung AB la géc xoay cua banh cam
khi co cdu phanh an toan lam viéc, khi dé khe
ho gitta banh cam va ray bién doi tir A t6i 0, A
=0B - OA.

Vi so dd hinh 4, chiéu dai doan OB va
OA can thiét 1a:

OB=Nc +d* =(e+ R)\1+ f :%\/Hf (7)

OA=(e+R) 1+f—A:% I+ f-A (8)

Vi tri diém C 1a diém mé rong, nod xac
dinh trén co s¢ du trlr an toan phong trudong
hop banh I¢ch tam bi mon khi lam viéc hoac vi
mot nguyén nhan khac. Chiéu rong B xac dinh
theo diéu kién cau tao va lip dat.

2.2. Khio sat cac thong s6 hinh hoc
2.2.1. Cdc thong so dau vao

Cac banh cam xoay va hé ray dan dugc
ché tao bé“mg thép. Do vay, co thé coi hé sb
Poisson va mo-dun dan hdi hai bé mit 1a nhu
nhau,v=v, =v,=03,E=E =E,=2,05.10* N/mn?’.
Trong thur nghiém, vat li¢u 1a thép S45C, tuy
theo do ctng bé mat thi 4p luc tiép xac cho
phép [p] 1a khac nhau. V&i két cau tuong tu 1a
banh xe va ray, theo [5] khi d§ ctrng nho hon
217HB thi [p] = 450 N/mm?, con khi d§ cung
tr 300HB td1 400 HB thi [p] = 750 N/mm?.

Trong thir nghiém thiét ké thang nang,
khdi lwgng hang 1 500kg, khdi luong ban nang
250kg. Tong trong lwong hang va ban nang 13
G = 7357.5 N. Luc P do trong lugng ca-bin,
tai trong va cac thanh phan dong luc khac khi
phanh 1a P=2G 1a 14715 N. Khe ho hai bé mat
khi khéng phanh dimg, thiét ké voi A = 5mm.
Theo diéu kién ciu tao, lip dit, phuong phap
gia cong bé mit,... cac bién thiét ké thoa man
cac diéu kién rang budc cu thé dit ra cua bai
toan (9).
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0<e<30mm

20mm < d < 50mm
20mm < L <35mm

0.1< £<0.4

)

2.2.2. Quy trinh khdo sdt va két qud

Bai toan & budc 1 gdm bdn nhan td,
khao sat & bén murc gia tri nhu bang 1. Nghién
cuu chon ma tran tryc giao L16 dé thir nghiém
bang s boi phan mém Minitab. Gia tri dap ung
1a ban kinh mat tiép xtic cua banh léch tdm R
theo (4), gia tri dap Gmg 1a hé sb an toan k theo
cong thire (6), vai [p] = 450 N/mm?. Bang 2 la
bang ma tran tryc giao va gia tri dap ing.

Bdng 1. Céc nhén t6 khdo sdt va mirc gid tri

, Ky hi¢u Mure gia tri
Nhén to 4nh hwéng
1 2 3 4
Do 1éch tam giira tAm quay va tdm cung tron banh cam 1éch tam c 0 10 20 30
(mm) d 20 | 30 | 40 | 50
Chiéu day banh cam hay chiéu dai tiép xtic (mm) L 20 | 25 | 30 | 35
Heé s6 ma sat giira ray va banh cam f 0.1 | 02 ] 03 | 04

Bdng 2. Bang ma trdn tryc giao va gia tri dap ung

N e (mm) d (mm) L (mm) f p (N/mm?) k R (mm)
1 0 20 20 0.1 256.9 1.75 200
2 10 30 25 0.2 194.2 2.32 140
3 20 40 30 0.3 160.9 2.80 113.33
4 30 50 35 0.4 140.9 3.19 95

5 0 20 25 0.3 229.8 1.96 66.67
6 10 30 20 0.4 2253 2.00 65

7 20 40 35 0.1 140.9 3.19 380
8 30 50 30 0.2 141.4 3.18 220
9 0 20 30 0.4 209.8 2.14 50
10 10 30 35 0.3 167.1 2.69 90
11 20 40 20 0.2 191.5 2.35 180
12 30 50 25 0.1 149.8 3.00 470
13 0 20 35 0.2 194.2 2.32 100
14 10 30 30 0.1 174.2 2.58 290
15 20 40 30 0.4 165.8 2.71 80
16 30 50 20 0.3 179.4 2.51 136.67
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Maan Effects Plot for Means
Diata Mea

Main Effects Plot for Means
Diata Means: R

wrem) ) L

b)
Hinh 5. Panh gid danh hwéng cdc thong so:
a) Ham ddp g la hé sé an toan k, b) Ham déap
ing la ban kinh tiép xiic R

Str dung phan mém Minitab dé danh gia
anh huong cac thong sb t6i ham dap ung 13 hé
sO an toan va ban kinh cung tron banh cam, két
qua cho hinh 5 va bang 3. V41 ham dap ung la
hé s6 an toan 16n thi tot, anh huong 16n nhat 1a

d6 1éch tam d, sau d6 1a chiéu dai tiép xuc L,
anh huong it nhat 1a hé sb ma sat f. Véi ham
dap tng 1a ban kinh banh cam nho 1a tot, anh
hudéng 16n nhét 13 hé sd ma sat, sau do 1a do
léch tim d va e, anh huong it nhat 1a chiéu dai
tiép xtc L. Bo thong s6 hop 1y theo ham dap
mg 13 hé s6 an toan cho ta gia trj k = 3.59 va
R = 480 mm. B thong sb hop 1y theo ham dap
ung la ban kinh cung tron cho ta gid tri k = 1.75
va R =50 mm.

Bang 3 cho thiy hai gia tri ddp ung
bién thién nguoc nhau, hé sb an toan tang thi
ban kinh banh cam giam va ngugc lai. Mirc do
chénh 1éch 14 2.05 14n vé6i hé sb an toan, 9.6 1an
vo1 ban kinh cung tron. Theo danh gid muc do
anh huong timg thong s6 véi ham dap ung, gia
tri hop 1y dé xut trong nghién ctru nay la:

- B9 1éch tam e anh hudng khong nhicu
dén hé so an toan nén chon theo di¢u kién ban
kinh banh cam ¢ muc 1, e = 0 mm.

- D6 léch tim d anh huong nhiéu dén ca
hai gia tri dap Gng mirc bién ddi tir 20mm toi
50mm, tuy nhién n6 c¢6 y nghia l6n hon véi hé
sb an toan nén chon & muc 3, d = 40 mm.

- Chiéu dai duodng tiép xtic L anh hudng
khong nhiéu t6i ban kinh cung tron, vi vay chon
theo gia tri dap ung 1a hé sb an toan & murc 2, L
=35 mm.

Bdng 3. Két qua tinh todn

N Thong so thiét ké Gia trj dap ung
Muc tiéu lwa chon
e d L f p k R
Xeép hang anh
Ham da - 3 1 2 4 125.33
am dap huong ) 3.59 | 480 mm
ung la k " 7. (N/mm?)
Thong sotoivu | 20mm | SO0mm | 35mm | 0.1
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Xép hang anh 3 5 4 |
Ham dap hudng 256.8 175 | 50 mm
ung la R (N/mm?) '
Théng s t6i vu Omm | 20mm | 20mm | 0.4
Omm | 40mm | 35mm | 0.4
Théng sb lwa chon hop 1y _ 137.3 3.28 | 100 mm
: S OB =118.3 mm, (N/mm?)
OA=113.3 mm

Céc thong sé hop 1y ¢ bude 1 cho phép
ta xac dinh cac kich thudc OA va OB & budc
2 nhu bang 3. Bo thong s6 hop 1y méi cho ta
hé s6 an toan k = 3.28, ban kinh R = 100 mm.
So sanh gia tri v6i viée khao sat riéng ting don
muc tiéu thi hé sb an toan tang 187% khi muc
tidu 1a ban kinh cung tron nho nhét, ban kinh
cung tron banh cam giam chi bang 21% véi
muc tiéu hé s an toan 1a 1én nhat.

3. KET LUAN

Bai bao di ap dung 1y thuyét Hertzian
ctia co hoc tiép xtic cho tinh toan &p luc cam
xoay v6i ray. D3 xdy dung bai toan thiét ké
banh cam xoay cho co ciu an toan bang tinh
toan thir nghiém bdi thiét ké ma tran tryc giao,
phﬁn mém Minitab. Bai bdo da lua chon céc
thong sb6 véi muc tiéu dat ra 1a hé sb an toan
tiép xuc 16n nhat, va ban kinh tiép xtc nho nhat.
Két qua thir nghiém cho ta bo thong s6 hop 1y
méi c6 hé s6 an toan k = 3.28, ban kinh R = 100
mm. So sanh gia tri voi viée khao sat riéng ting
muc tiéu thi hé sb an toan tang 187% v&i muc
tiéu ban kinh cung tron 1a nhé nhét, ban kinh
cung tron banh cam xoay giam chi bang 21%
vé&i muc tiéu hé sb an toan 1a 16n nhét. <
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