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NGHIEN CUU SU THAY DOI NHAM BE MAT CAM
KHI GIA CONG TREN MAY DANH BONG BK.CMPM.12

STUDY ON CHANGE OF SURFACE ROUGHNESS OF CAM WHEN MACHINED

ON THE POLISHING MACHINE BK.CMPM.12

TOM TAT

D& nham b mat chi tiét may n6i chung va truc cam xe may néi riéng la mdt trong cc thong
s quan trong ctia chét lrong bé mat gia cong. Chat Ivgng bé mét anh hudng truc ti€p ma sat,
mon va tudi tho cla chi tiét cling nhur toan may. Nghién citu, lwa chon mdt bo thong so cong
nghé may nham dat duoc chét luong bé mét chi tiét tot nhét ludn duoc cac nha khoa hoc quan
tam. Bai bao nay trinh bay két qua nghién ctu vé d nham bé mét cam, mét chi tiéu clia chét
lwgng bé mat, khi gia cong danh bong trén méay BK.CMPM.12. Két qua thuc nghiém cho théy
rang do nham b mt R, giam so véi trude khi gia cong danh bong [an luot 13: 30,98%, 11,90%,
14,75% va 15,04% tuong (ing voi 04 diém do theo chu vi cam, tir diém do c6 lwgng nang lon
nhét theo chigu quay 1am viéc. Anh hugng ctia &p luc phap tuyén khi gia cong dénh béng dén do
nham b& mét R, cling dwoc chi ra, theo d6 nhdm bé mat tai vi tri cam vdi lugng nang Ion nhat
giam khoang 13% so v6i cac vi tri 6 lugng ndng nhd hon. Gid tri R, tai 02 vi tri con lai khéc biét
khong nhiéu, chi khoang 2,7%. Diéu nay cho théy bd thong s6 cong nghé may da duoc lwa chon
trong viing hop Iy vi phurong phép gia cong danh bong bang day dai dinh hat mai.

Tir khéa: Truc cam, nham bé mat, &p lyc phap tuyén, danh héng.

ABSTRACT

The surface roughness of machine parts in general and motor camshafts in particular is one of
the important parameters of the surface quality of machining. Surface quality directly affects
friction, wear and longevity of parts as well as the whole machine. Studying and selecting a set of
machining technology parameters to achieve the best surface quality of workparts has always been
interested in scientists. This paper presents the research results of cam surface roughness, which is
an indicator of surface quality, when polishing on the machine BK.CMPM.12. Experimental results
show that the surface roughness R, decreases compared to that before polishing, respectively:
30.98%, 11.90%, 14.75% and 15.04% corresponding to 04 points measured in the cam
circumference, from the measuring point with the largest lobe lift in the direction of rotation. The
influence of normal pressure when polishing on surface roughness R, is also indicated, whereby the
roughness at the cam position with the largest lift decreases about 13% compared to that of the
positions with smaller lift. The value of R, in the remaining 2 locations is not much different, only
about 2.7%. This shows that the machining technology parameters, which has been selected, isin a
reasonable region with the method of polishing by abrasive belt.

Keywords: Camshaft, surface roughness, normal force, polishing.
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1. GIOI THIEU CHUNG

Truc cam la mét trong céc chi ti€t quan
trong clia dong co dét trong, déng mé cac
Xu pap nap va xa theo chu trinh 1am viéc cta
dong co [1]. Truc cam bao gébm cac phan: cam
nap, cam xa va cac ¢8 truc dd, c¢d truc 1ap chi
tiét dan dong truc cam. Chéat lugng truc cam
anh huéng truc ti€p dén hoat dong cling nhw
hiéu sudt ctia dong co [2]. Vat liéu ché tao truc
cam thuong la thép hop kim c6 thanh phan
cacbon thdp nhu thép 15X, 15MH... hoac
thép cacbon thanh phan cacbon trung binh
nhu; thép 40 hay thép 45. Cac mat ma sat cla
truc cam (mat lam viéc clia cam, cua cé
truc...) déu duwoc thdm cacbon va t6i clng.
D0 tham cacbon thuong khoang 0,74 - 2mm,
t6i clrng dat HRC 52 - 65. Cac bé mat khéc va
rudt truc cam cé doé cling thap hon, thuong
vao khoang HRC 30 - 40. Truc cam xe may
100* duoc ché tao bang gang cau FCD700 ¢
gi¢i han chay la 420MPa, giéi han bén la
700MPa [3].

Truc cam lam viéc trong diéu kién ma sat
truot, c6 boi tron. Do vy dé han ché mon,
dam bao lam viéc 6n dinh trong thoi gian dai
thi bé mét cam can duwoc ché tao dat do nham
bé mat c& 3,2um [3]. Cac nha ché tao da phat
trién nhiéu phrong phap dé nang cao chéat
lvgng gia cdng truc cam nhuw: Chép hinh; Gia
cdng cam va truc doc lap sau dé han ghép lai
thanh truc cam;... Cac phwong phép déu cé
nhitng wu diém va nhuoc diém khac nhau vé
dd phtc tap va db chinh xac gia cong, phu
thudc may mac, trang thiét bi va kinh nghiém
nguoi gia cdng... Phuong phap mai bé mat
cam trén may CNC lan dau tién dugc gidi
thiéu ndm 1983 [4] va dwgc phat trién manh
mé nho sw tién bd cla khoa hoc ky thuat,
khic phuc dwoc nhitng han ché cta cac
phuong phap gia cong khac, c6 dé chinh xac
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cao, hiéu qua va linh hoat. Tuy nhién, do tinh nang cla
dong co dot trong ngay cang cao nén diéu kién lam viéc
clia b& mat cam cang nang nhoc va khéc nghiét, do dé can
phai nang cao hon nita dd nh&n bong bé méat. 6 nhén
bong nay, hién nay, dat dwvgc théng qua nguyén céng danh
bong tinh xac. Danh béng tinh xac bé mit san phang va
lam tang ban kinh cong cda cac dinh nhap nho té vi trén bé
mat cam ma khong anh huéng dén kich thwéc va bién
dang cam. Vi vay, do cling va do nham bé mat la cac thong
s6 quyét dinh dam bao tinh chng mon cao, gilp truc cam
duy tri kha ndng diéu khién chinh xac thoi diém va lvgng
m& clia xu pap nap va xa trong qua trinh lam viéc lau dai
clia dong co d6t trong.

Kich thwéc doc truc bé mat cam hep ~12 - 14mm nén
phwong phap danh béng tinh xac la phu hop nhéat véi day
dai danh bong c6 gan hat mai siéu min [5, 6]. Day dai danh
béng dang béng tron chuyén dong vai toc dod cao trong
cac truong hop danh bong van nang [7]. Phuong an dan
dong truc cam véi téc do quay thap, day danh bong khong
dich chuyén theo phuong doc truc cam cling dugc str dung
phd bién [8]. Tuy nhién, anh hwdng clia ap luc phap tuyén
thay doi trén b mat cam khi danh bong tinh xac téi chat
lvgng gia cdng chwa dwgc quan tam. Do vay, nghién ctu
nay tap trung nghién cuu phan tich anh huéng cla ap luc
gilta cam va day danh béng dén dé nham bé mat cam khi
dugc gia cdng tinh xac trén may danh bong BK.CMPM.12.

2. THIET Bl VA PHUONG PHAP THU'C NGHIEM
2.1. Hé thong thiét bi nghién ctru

Hé thdng thiét bi thi nghiém la may danh béng truc
cam BK.CMPM.12 tai PHong Thi nghiém ma séat - boi tron,
Tredng Pai hoc Bach khoa Ha Noi, dugc mé ta nhu trén
Hinh 1.

Hinh 1. Md hinh hé thong thi nghiém BK.CMPM.12: (1) Bang co; (2) M
tam; (3) Day danh bong; (4) Dan déy; (5) Man hinh diéu khién; (6) Khung méy [3]

Poéng co (1) dan dong ddng thoi cho hai chi tiét truc
cam. Téc do6 dinh mic dong co ba pha 950vg/ph, diéu
khién vo cdp bang bién tan. Trong thyc nghiém nghién
clru: Day danh béng dirng yén, truc cam chuyén déng quay
voi t6c dd ~120vg/ph; Thoi gian cho mdi 1an danh béong
khoang 40 giay, cé thé thay doi nho bo diéu khién dva trén
bd dém thoi gian; Ap luc day danh bong trén bé mat cam
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duwoc diéu chinh théng qua cac déi trong (gia tai), ddm bao
cho day danh bong luén tiép xdc voi vé mat cam. Trong
qua trinh gia cong, ap luc tai vi tri ti€ép xlc thay déi phu
thudc vao tdc do quay va lvgng nang ctia cam. So do b tri
thi nghiém danh bong truc cam dwgc mo ta trén Hinh 2.

i
Gia tai i
/ %

Hinh 2. (a) So d0 b tri thi nghiém danh bong truc cam, (b) Thyc nghiém
trén méy danh béng truc cam

Day danh bong dugc lya chon trén co sé phuong phap
gia céng, dung dich tron ngudi, két cau va kich thuwéc chi
ti€t. Trong nghién ctru nay, day danh béng duoc lya chon
cho may BK.CMPM.12 ¢6 s hiéu M-52 57 NWJ, d6 hat WA-
600, hat mai 6 xit nhém. Pay la san pham thuong mai duoc
dung trong cac cong ty ché tao truc cam cho nguyén cong
mai tinh x4c.
2.2. Phuong phap nghién ctru

Chat lvong bé mat gia cong cta cam phu thudc rat
nhiéu yéu té nhuv téc dd quay cla cam, lvc ép day danh
bong 1én bé mat cam, dung dich hé tro danh béng, chéat
lvgng bé mat phoi va thoi gian danh béng. DE dam bao
chét lvgng bé mat cam dong déu gitra doan cam nang va
cam ha thi tdc do vong quay ctia cam khdng dwoc qué lon
nham tranh hién tvong hang va va dap, khi quay vao doan
cam ha. Néu truc cam quay quda nhanh thi luc ép do trong
lrc xubng bé mit cam sé bi dao déng va khéng &n dinh. &
doan cam nang va cam ha, lyc ty sé bién thién mot lugng
AN, tuy thudc vao téc dd quay cla truc cam va trong lwgng
sinh ra lyc ty. Hé théng thiét bi da duoc thiét ké dé giam
b6t chénh Iénh luc ép AN nho hé théng 10 xo gidm chéan, do
do lam tang do dong déu vé chat lugng bé mat trén toan
b0 bé mat cam.
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A
| N1

b)

Hinh 3. Phan tich Iyc co cdu cam khi dénh bong: (a) tai diém do (4) - tiép
gidp gilra viing cd ban kinh cong khong ddi va thay ddi; (b) tai diém do (1) -
lvgng nang I6n nhét

Tuy nhién, do ban chat cta hé théng nén viéc chénh
Iéch AN la kho tranh khéi. Vi vay, can phai xac dinh duoc gia
tri chénh léch AN dé xem xét sw chénh léch dd nham cla
bé méat cam. M6 hinh cum co cdu cam - can khi thuc hién
danh bong duoc coi nhu co cdu cam can lac va dugc mo ta
nhu trén Hinh 3. D€ don gian, gia sk bién dang cam duwoc
chia thanh cac vung cé ban kinh khéng d6i R va viing ¢
ban kinh cong thay d6i. Binh cam véi lvgng nang lon nhat
cling ndm trén mét viing ban kinh khéng déi r. Day chinh 1a
diém khao sat d6 nham R, (1) nhuv trén Hinh 3. Cac diém
khao sat khac bao gbm 2, 3, 4 ndm trén vang ban kinh
khéng d6i R, trong d6 diém 3 va 4 nam tiép giap vai vang
c6 ban kinh cong thay ddi. Cé thé phan tich luc tai diém
ti€p xdc trong hai trvdng hop phan biét nhu mo ta trén
Hinh 3 (a) va (b), twong ng voi diém ti€p xudc & vi tri thap
nhét (2) twong tv (3, 4) va vi tri cao nhat (1). Lvgng nang toi
da clia cam tinh tir vong trong co s& &28 + 0,04 vao
khoang 4,11mm.

Trén Hinh 3, phan lyc cda cam tac dung lén can Ry,
duwoc phan tich thanh hai thanh phan phan lyc phap tuyén
N,, va lyc ti€p tuyén, trong treong hop nay la livc ma sat F,.
Goc gilra Ry, va Ny, la géc ma sat @. Nhw vay hé s6 ma sat bé
mat cam va can (diém tiép xdc clia day danh bong) trong
truong hop gia cdng 6n dinh, xap xi 0,2. Khi dé tg (@) =0,2.
Goc gilra phuong phap tuyén clia bién dang cam va van téc
V, cla dau can laa.

Khi cam ti€p xUc véi can tai cac vi tri 2, 3, va 4, quan hé
gitra cac thanh phan lyc cé thé duoc biéu dién nhu sau:
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P,.b.cosa
Riz 234 = (a+b)cos(a+¢) @
Trong dé: Py la trong lwgng clia co cdu can, xap xi 40N;
a, b 1a cac thong s6 kich thuéc cla can, chiéu dai can xap xi
330mm.

Thanh phan ap lvc phap tuyén khi dé dugc xac dinh;

_ Py.b.cos@.cosa

122347 (a+b)cos(a+ )

Trong d6: Ny, 3, la &p luc phap tuyén tai cac di€ém cod
ban kinh cong khong thay d6i.

Khi dé, phan luc phap tuyén dugc xac dinh tai diém (1):

P,.b
12-1 — (a+b) 3)

Hé thong duoc thiét ké cd thé gia cong dong thoi hai bé
mat cam. V6i cac thong so thiét ké va diéu kién thi nghiém,
ta tinh duwoc ap luc phap tuyén & diém ti€p xdc cao nhat (1)
x8p xi 20N va tai cac diém thap nhat (2, 3, 4) khoang 20,1N.
Tuy nhién cac gia tri nay chua ké dén lwc quan tinh khi cam
mét goc B (twong (’ng vEi géc quay twr vi tri 1 téi vi tri 4) voi
toc dd m, = 120vg/ph, tuvong (ng voi can di chuyén mot
quéng dudng bang lreng nang h clia cam va thoi gian t.

B

- 2nw,

2)

(4)

Do géc a nho, nén dau can duoc coi la chuyén déng
thdng déu khi cam quay tlr vi tri (1) t&i vi tri (4), quang
duong di chuyén tvong tng véi lvgng nang Ién nhat h.

Véi thong s6 cam duoc thiét ké, B ~ 56° ta tinh duoc
thoi gian t = 0,08 (giay), gia toc a = 1,25m/s% Khi d6 luc
quan tinh dau can dwgc xac dinh, xap xi 2,5N. Nhuv vay ap
lwc phap tuyén téng cong tai diém (1) cac diém (2, 3, 4) lan
lwot twong ng véi 22,5N va 20,1N. Do do, sv chénh Iéch gi&
tri ap luc gitka cac diém khoang 2,4N.

To chic thyc nghiém dé tim ra mai lién hé gitra bién
thién dé nham vai ap luc trén bé mét cam khi danh bong.
3. KET QUA VA THAO LUAN

Truc cam trudc va sau khi danh bong duwoc do ki€ém tra
dd nham bé mat trén 4 vi tri 1, 2, 3, 4 twong ng voi vi tri
cam nang cao nhat, vi tri cam ha va vi tri trung gian (Hinh
3). Sau khi danh béng trén may BK.CMPM.12, d6 nham bé
mat cam dugc xac dinh trén may HOMMEL T1000 tai cac vi
tri 1,2,3 va 4. Phuong do la phuong doc truc va vuéng géc
v6i chu vi clla cam, véi chiéu dai do 4mm. Két qua do do
nham bé mat cam la gié tri trung binh cla 3 lan do va dugc
trinh bay trén Bang 1.

Bang 1. Nham bé mat cam trudc Rz, va sau danh héng Rz,

Vitrido Ra(um) | AR, (pm) | Ry (um) ARy, (um)
1 3,68 0,29 2,54 0,20
2 3,36 0,27 2,96 0,23
3 3,39 0,27 2,89 0,23
4 3,39 0,24 2,88 0,23
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CO thé thdy rang, gia tri & nham bé mét tredc khi danh
bdng tinh xac twong déi dong déu tai cac vitrido 2, 3, va 4
la cac vi tri cé bién dang clia cam la cung tron. Gia tri R, 16n
nhat tai vi tri 1, tdng khodng 10% so véi cac vi tri con lai,
twong ng voi vi tri lwgng nang cda cam la I6n nhat. Hién
twong nay cé thé dugc giai thich la do chuyén dong chay
dao huéng kinh xuét hién gia téc dé hinh thanh luvgng
nang cta cam, khi mai tinh trén may chép hinh chuyén
dung hodc may mai CNC.

Sau khi dwgc danh bdng tinh xéc, cac gia tri R,, tai cac vi
tri trung gian 3, 4 la tvong duvong nhau va nhé hon gia tri
tai vi tri 2 cam ha, nhung lai 16n hon dang ké so véi gia tri
tai diém 1 cam nang I&n nhéat. Gia tri @@ nham bé mat cam
trwéc va sau khi danh bong tinh xac va twong quan gitra
chung dwgc mo ta chi tiét trén Hinh 4. Gia tri dd nham R,
sau khi danh bong tinh xac tai cac vitri 1, 2, 3, 4 giam twong
(*ng 30,98%, 11,90%, 14,75%, 15,04% so voi trwdc danh
béng. biéu nay cho thay, cac thong s6 cong nghé may khi
danh bong tinh xac dugc lyva chon pha hgp, nang cao duoc
dd nhén bong bé méit cam.

| —-— Rz_1 Nham truoc danh bong
“#.| —®—Rz_2 Nham sau danh bong

2

Hinh 4. D6 nham tai cac vi tri do dac trung clia bé mét cam

Gia tri d0 nham R,, tai vi tri lvgng nang bién dang cam
cao nhat, truéc khi danh béng la Ién nhat, da tré thanh
nhé nhat sau khi gia cong trén may danh béng tinh xac.
Nguyén nhan dan dén giam doé nham bé méat cam tai vi tri
¢ lvgng nang I&n nhét cé thé la do sv gia tang ap luc day
dai danh béng tac dung Ién bé mat cam tai vi tri 1, thay
déi lvc ma sat va lam mon vi mé va lam tidng ban kinh
cong clia cac dinh nhap nhd. Ngoai ra, sau khi danh béng,
mién dung sai gia tri d® nham dugc giam di, chat lugng
bé méat 6n dinh hon.

Trén thuc té, c6 nhiéu yéu t6 anh huédng dén chat lugng
bé mat clia qua trinh danh béng tinh xac bé mat cam nhw
ban kinh cong, ap luc va van téc dai tai diém tiép xuc...
Trong pham vi nghién ctru clia bai bao, do bién dang va t6c
dé quay clia cam cling nhw mai tredng khéng thay déi, nén
chi c6 anh huédng clia luc phap tuyén, tac dung clia day dai
danh béng l1én bé méat cam, dén dé nham.
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Hinh 5 m6 ta mdi twong quan gitta ap luc phap tuyén
va do nham bé mat cam tai cac vj tri do khac nhau. Ta thay
rang, tai cac vi tri 2, 3 va 4 c6 ban kinh cong khong déi
(Ilvgng nang bang 0), gia tri R, kha 6n dinh, tuy nhién vi tri 3
va 4 ndm trong viing chuyén tiép nén cé thé bi anh hudng
bdi cac yéu td khac, R, lic nay c6 gia tri nhé hon khoang
2,7%. Trong khi d6, ap lwc phap tuyén tai vi tri 1 1én hon cac
vi tri khac khodng 24N (~12%) va lam gié tri d6 nham R,
giam khoang 13%. Ap luc I6n hon tao diéu kién cac hat mai
trén day danh béng tang su thdm nhap mém vao cac dinh
nhap nhd bé mat cam, 1am ciin cac dinh nhap nhé dan dén
tiing ban kinh cong va bé mét s& nhan béng hon. Nhu vay
dé tang thém dd nhan bong clia bé mat cam thi can tang
ap luc ctia day danh béng Ién bé mat cam, tic la tang toc
dé quay clia truc cam. Tuy nhién khéng thé ting toc do
quay cula truc cam lén nhiéu do dac diém cau hinh sé gay
va dap khi téc do I6n.

m Ap lyc (N) essmR7z (um)

23,00 3
22,50 2,9
22,00

21,50 &8
21,00 2,7
20,50 2,6
20,00 25
19,50

19,00 I I I 2,4
18,50 2,3

2 3 4

1

Hinh 5. Anh hiréng ctia &p lirc php tuyén t6i do nhan bong bé mat
4. KET LUAN

Nghién cttu phrong phép va thyc nghiém danh bong
tinh xac bé méat cam cua truc cam xe may trén thiét bi
BK.CMPM.12 cho thay thiét bi hoan toan dap (ng dugc yéu
cau nang cao chat lvgng nham bé mat truc cam xe may khi
thay doi thong s6 cong nghé la téc do quay truc cam.

Ké&t qua nghién ctru phwrong phap danh béng tinh xac
cho thay trong diéu kién nghién cttu, khi thay doi téc do
quay cla truc cam s& dan dén thay déi &p luc clia day dai
danh béng trén bé méat cam tai diém cé lvgng nang lon
nhat so voi cac diém khac. Tai téc do quay 120vg/ph clia
truc cam, lyc phap tuyén tang khoang 2,4N khi di tir viing 3,
2,4téivung 1.

Két qud thuc nghiém cho thay cé su lién quan qua lai
gilta tdc do quay truc cam va sy gia tang dd nham tai vi tri
lvgng nang Ién nhat ctia cam. Cac thdng s6 cong nghé may
phl hop véi diéu kién danh bong tinh xac bang day dai gan
hat mai siéu min. 6 nham bé mét cam twong d6i 6n dinh
theo ap luc phap tuyén tai diém ti€p xdc va cd thay doi
khoang 13% theo huéng cé lgi hon tai viung lam viéc khoc
liet nhat twong ng lwvgng nang Ién nhat. Tao diéu kién lva
chon téc d6 quay phu hgp véi cac dang truc cam xe may
khéc nhau.
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