BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT

THANH PHO HO CHI MINH

TRAN THANH LAM

NGHIEN CUU CAC THONG SO ANH HUONG CUA
MAT CAN BANG PEN PO BEN MOI ROTOR

LUAN AN TIEN Si
NGANH: KY THUAT CO KHi

Tp. HO6 Chi Minh, thang 5/2025




BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT

THANH PHO HO CHI MINH

TRAN THANH LAM

NGHIEN CUU CAC THONG SO ANH HUONG CUA
MAT CAN BANG PEN PO BEN MOI ROTOR

NGANH: KY THUAT CO KHIi - 9520103

Ngudi huéng dan khoa hoc 1: PGS.TS Lé Chi Cuong

Ngudi huéng dan khoa hoc 2: PGS.TS Ding Thién Ngon

Phan bién 1:
Phan bién 2:

Phan bién 3:

Tp. H6 Chi Minh, thang 5/2025




BO GIAO DUC VA PAO TAD CONG HOA XA HQI CHU NGHIA VIET NAM

mubwcomnocwnmx?mum Doc lap - T do - Hanh phiic
THANH PHO HO CHI MINH
So: }55b /QB-DHSPKT Tp. H6 Chi Minh, ngay 17 thdng 5 nim 2017
QUYET PINH

V.v giao d@ tai luan dn va ngwdi hwéng din NCS khoa 2017 - 2020
HIEU TRUONG TRU'ONG DAI HOC SU PHAM KY THUAT TP. HO CHi MINH

Can cir Quyét dinh sd 426/TTg ngay 27 thang 10 nam 1976 ciia Thi tudng
Chinh phti vé mot s6 vdn dé cap bach trong mang lwéi cdc trudmg dai hoc va Quyét
dinh s6 118/2000/QP-TTg ngay 10 thang 10 ndm 2000 ciia Thi twéng Chinh phi vé
viéc td chitc lai Pai hoc Qudc gia Thanh Phé Hd Chi Minh, tach Trudong Pai hoe Sw
pham K§ thuat Thanh phé Ho Chi Minh truc thudc B Gido duc va Pao tao;

Cén cir Quyét dinh s6 70/2014/QD-TTg ngay 10 thing 12 ndm 2014 cta Tha
twéng Chinh phii v& viéc ban hanh Piéu 1é truong Pai hoc;

Cén cir Thong tw s 10/2009/TT-BGDDT ngay 07/5/2009 cia B Gido dyc va
bao tao vé viéc Ban hanh Qui ché dao tao trinh dé tién s;

Can ctr Thong tw s6 05/2012/TT-BGDBT ngay 15/02/2012 ctia Bb Gido duc va
bao tao vé viéc sira d6i, b6 sung mot s6 didu cia Quy ché dao tao trinh dd tién si ban
hanh kém theo Théng tw s6 10/2009/TT-BGDDT ngay 07/5,/2009 cia Bo truong Bo
Gido duc va Pao tao;

Xét nhu cau cdng tic va kha ndng cin bd;

Xét de nghi cta Trwdng phong Pao tao,

QUYET DINH:
Diéu 1. Giao dé tai luin 4n tién si va ngudi hwéng din cho:
Nghién clrusinh  : Trdn Thanh Lam
Nganh : Ky thuat co khi Khoa: 2017 - 2020
Ténludn 4n : Nghién ciru cdc thong s6 anh hwing va dé xudt giai
phdp cin bang déng rotor truc mém
Ngudi HD thi nhét (HD chinh): PGS.TS Lé Chi Cwong
Nguwdi HD thir hai : PGS.TS Pdng Thién Ngén
i gian i :17/5/2017 dén 17/5/2020

Diéu 2. Giao cho Phong Pao tao qudn Iy, thuc hién theo diing Qui ché dao tao
trinh dg tién s7 ctia B Gido duc & Pio tao da ban hanh.

biéu 3. Truwéng cic don vi, phong Pao tao, cic Khoa quan nganh tién si va cac
Ong (Ba) c6 tén tai Pigu 1 chiu trach nhiém thi hanh quyét dinh nay.

Quyét dinh c6 hiéu lwc ké tir ngay ky. /. \K o
Noinhdn :
- BGH (dé biét);

- Nhue digdu 2, 3;
--Luu: VT, SDH (4b).




BO GIAQ DUC VA DAO TAD CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG DAI HOC SU" PHAM KY THUAT Pédc lap - Tw do - Hanh phic
THANH PHO HO CHi MINH
S8:J§00/QD-DHSPKT Tp. H6 Chi Minh, ngdy 2€ thdng 12 nam 2018
QUYET PINH

Vé viéc déi tén ludn an cho nghién ctru sinh khéa 2017
HIEU TRU'ONG TRUONG DAl HOC SU’ PHAM KY THUAT TP. HO CHi MINH

Can cr Quyét dinh s6 426/TTg ngay 27 thing 10 nim 1976 cta Thi tudng
Chinh phid v& mét s6 van dé cdp bach trong mang luéi cac trwdng dai hoc va Quyét
dinh s6 118/2000/QP-TTg ngay 10 thang 10 ndm 2000 ciia Thi twéng Chinh phu vé
vigc 16 chire lai Pai hoc Qudc gia Thanh Phé Hé Chi Minh, tich Trudng Pai hoc Su
pham Ky thuat Thanh phé H6 Chi Minh trye thude Bo Gido duc va Pao tao;

Can c Quyét dinh s6 70/2014/QD-TTg ngay 10 thiang 12 nim 2014 ciia Thu
tuwdng Chinh phit vé viéc ban hanh Piéu 18 trudng Pai ho;

Can ci* Quyét dinh s6 937/QD-TTg ngay 30 thing 6 nim 2017 vé viéc phé
duyét dé 4n thi diém d6i méi co ché hoat dong clia Trudng Pai hoc Su pham Ky
thudt Tp. H6 Chi Minh;

Cin cir Théng tw s6 10/2009/TT-BGDDT ngay 07/5/2009 ctia Bb Gido duc va
Dao tao vé viéc Ban hanh Qui ché dao tao trinh do tién sT;

Can cir Théng tw s6 05/2012/TT-BGDDT ngay 15/02/2012 cta Bé Gido duc va
Dao tao vé viéc sira doi, bd sung mdt sé didu ciia Quy ché dio tao trinh dé tién si ban
“hanh kém theo Thong twr s6 10/2009/TT-BGDD®T ngay 07/5/2009 cla Bd trudng Bd
Gido duc va Dao tao;

Xét nhu ciu cdng tac va kha ning can bd;

Xét dé nghi ctia nghién ciru sinh va Trwdng phong Pao tao,

QUYET PINH

Piéu 1. DG tén ludn 4n tién si cho:

Nghién ctru sinh  : Tran Thanh Lam

Nganh - K§ thudt co khi Khod: 2017 - 2020

Ténludndnmdi : Nghién ciu cdc théng sé anh hwéng ctia mdt can béng
dén dé bén mdi rotor

Ngudvi HD thir nhat (HD chinh): PGS.TS Lé Chi Cwong

Nguwdi HD thir hai : PGS.TS Ddng Thién Ngon

Théi gian thue hién . 17/5/2017 dén 17/5/2020

Diéu 2. Giao cho Phong Dao tao quan 1y, thuc hién theo ding Qui ché dao tao
trinh d¢ tién si clia B Gido duc & Pao tao di ban hanh.

biéu 3. Trwréng cic don vi: phong Pio tao, khoa quan nganh, phong KHTC va
cac Ong (Ba) cé tén & Pidu 1 chiu trach nhiém thi hanh quyét dinh nay.

Quyét dinh cé hiéu luc ké tir ngay ky. 6(

Noi nhan:

- BGH (dé chi dao);
- Nhuw diéu 3;

- Luu: VT, SBH (3b).

b P
el O

-S55S, TS L2 Hiéu Giang




LY LICH CA NHAN

THONG TIN CA NHAN

Ho va tén: TRAN THANH LAM Phai: Nam
Ngay/thang/ndm sinh: 03/10/1978 Noi sinh: Tp.HCM
QUA TRINH PAO TAO

1996 — 2002: Hoc dai hoc tai Pai hoc Bach Khoa, TP. HO Chi Minh, Khoa:
CKM.
2003 — 2006: Hoc cao hoc tai Pai hoc Bach Khoa, TP. HO6 Chi Minh, chuyén
nganh: Ché tao may
2017 — nay: Nghién ctru sinh tai Pai hoc Su pham k¥ thuéat, TP. HO Chi Minh,
chuyén nganh: K¥ thuat co khi

QUA TRINH CONG TAC
2004 — nay: giang vién bo mon CNCTM, Khoa Co khi ché tao may, Pai hoc Su
pham k¥ thuat, TP. H6 Chi Minh.

TP. HCM, ngay 10 thang 5 nam 2025

Tran Thanh Lam



LOI CAM POAN

T6i cam doan day 1a cong trinh nghién ciru cua riéng toi dudi sy huéng dan cia
tap thé cac nha khoa hoc va cac tai liéu tham khao di trich dan. Cac két qua nghién
ctru duoc trinh bay trong luan 4n 13 trung thie, khach quan va chua timg cong b trén

bat cir mot cong trinh nao khac.

Tp.HCM, ngay 10 thang 5 nam 2025

Tac gid luan an

Tran Thanh Lam



LOI CAM ON

Trude tién toi xin goi 1oi cam on sdu sic nhat dén PGS.TS. Lé Chi Cuong va
PGS.TS Ping Thién Ngon vi nhirng chi dan va gop ¥ quy bau trong toan bd qué trinh
thue hién luan 4n. Dong thoi toi cling xin goi 16 cam on dén cac thanh vién trong
nhom nghién cru REME Lab di gitip d& trong viéc cong bd bai bao qudc té.

T6i ciing xin goi 161 cam on dén Khoa Co khi Ché tao may cung cac Phong, Ban,
Khoa va toan thé ban be, déng nghiép tai truong Pai hoc Su pham K§ thuat TP. HCM
no6i riéng, cling nhu cac truong dai hoc khac néi chung, di giup dd va tao diéu kién
thuan loi cho tdi trong sudt qua trinh hoc tip va nghién curu.

T6i xin danh 16 c4m on chan thanh dén quy thay, quy co trong hoi dong danh gia
cac cip da danh thoi gian quy bau ciia minh dé doc, gop ¥ va dua ra nhitng nhan xét
sdu sic, nhitng 101 khuyén rét ¢ gid tri trong qua trinh thyc hién luan 4n.

Cudi cling, toi xin cam on gia dinh da ung ho, gitp d& va thong cam vai nhiing
khoé khédn xdy ra trong toan bg thoi gian thyc hién luan an.

Tac gia luan an

Tran Thanh Lam

Vi



ABSTRACT

In rotary drive systems such as motors, gearboxes, or turbines; particularly in
power transmission shafts; dynamic unbalance frequently occurs due to
manufacturing errors, inherently asymmetric designs, misalignment during assembly,
uneven wear, or improper mass distribution. Unbalance induces cyclic vibrations and
generates time-varying stresses, which are among the primary mechanisms leading
to fatigue failure. While numerous studies have focused on fatigue modeling and
analysis of shafts under static and dynamic loading, the specific impact of imbalance
on fatigue strength remains to be further clarified. Therefore, investigating
unbalance-related parameters, such as unbalanced mass and rotational speed, and
their effects on the fatigue life of rotating shafts is essential to ensure the reliability
and service life of drivetrain systems, particularly the rotating shaft. Several key
contributions of this dissertation to the research field are outlined as follows:

- Identify the technical parameters that directly affect the dynamic unbalance in
rotating shafts, including rotational speed, eccentric mass, and the position of
the unbalanced mass.

- Vibrations become unstable when the rotational speed approaches the critical
speed, resulting in a significant increase in displacement amplitude.
Furthermore, an increase in the unbalance grade G/ balance quality grade G
(up to G40) leads to higher displacement amplitudes. In the case of G41.3, the
vibration amplitudes reach X =£0,109 and Y = 0,135, which are even higher
than those observed at the first critical speed (X = £0,101; Y =£0,119). These
amplitude levels should be avoided during operation to ensure stable and long-
term performance of the rotor.

- Variations in the initial phase angle of the trial mass position during operation
can lead to variations in the vibration phase, which may cause increases or
decreases in bending stress. Such fluctuations can potentially result in failure

of the rotating shaft.

Vii



These research findings also demonstrate that the Newmark-p method
provides a highly reliable approach for analyzing the behavior of rotor
systems, offering unconditional stability, rapid convergence, and high
computational accuracy, with a deviation from experimental results of less
than 6%.

A novel experimental test rig was developed to study the fatigue life of
unbalanced drive shafts at testing speeds of up to 3000 rpm. Moreover, a new
drivetrain alignment tool was also designed to assess the impact of unbalance.
Fatigue test results show a reduction in fatigue limit and fatigue strength of
specimens under the influence of imbalance factors; including test mass,
operating speed, and load radius; compared to pure bending shafts. Based on
these results, an S—N fatigue curve was constructed for C45 steel shafts under
the unbalanced loading.

In addition, displacement amplitude was found to increase with load cycles,
likely due to the initiation and propagation of fatigue cracks, which amplify

the effect of imbalance forces on the shaft.

viii



TOM TAT

Trong cac hé truyén dong quay nhu dong co, hop $6 hay tuabin; dac biét 1a truc
truyén lic, hién trong mat can bang dong thudng xuyén xay ra do sai sb ché tao, do
ban than thiét ké khong ddi ximg, do qua trinh lp rap léch tim, mai mon khong dong
déu hoic phan bd khéi lwong khong hop 1y. Mit can bang gy ra rung dong tuin hoan,
tao ra ing suat co sy bién thién theo thdi gian — mét trong nhitng co ché chinh din
dén hu hong moi. Nhiéu nghién ciru di tap trung vao mé phong va phan tich méi cia
tryc dudi tic dong cua tai trong tinh va dong, nhung anh hudng riéng biét cia mat
can bang dén d6 bén moi vin can dugc lam rd hon. Do d6, nghién ctru cac thong sb
giy mat can bang bao gom khdi luong mat can bang, van téc quay. .. anh huong dén
dd bén méi cua truc quay la mot van dé cép thiét nham dam bao do tin cay va tudi tho
lam viéc ctuia hé théng truyén dong; cu thé 1a cho truc quay. Mot vai diém noi bat ma
luan an dong gop cho linh vuc nghién ctru dugc néu sau day:

- Xac dinh cac thong sb k¥ thuat anh hudng truc tiép téi mat can bang dong
trong truc quay: toc dd quay, khéi lwong léch tam va vi tri khoi luong mat can
bang.

- Rung dong tré nén khong on dinh khi téc do quay dat dén tdc do téi han va
bién do dich chuyén ting dang ké. Pong thoi, luong mat can bang ting (dén
G40) dan dén bién d6 dich chuyén ting. Bién do dao dong trong trudng hop
G41.3¢6 X =+0,109; Y = + 0,135 tham chi con 16n hon so véi bién dd dao
dong tai tdc dd téihan 1: X=+0,101; Y =+0,119. Day la bién d dao dong
can tranh trong qua trinh van hanh dé dam bao rotor hoat dong 6n dinh, 1au
dai.

- Goc pha ban dau cta vi tri khéi lugng thir nghiém, néu xay ra thay doi trong
qué trinh van hanh, s& dan dén cac bién thé khac nhau cta pha rung dong khién

{rg suat uon ting hodc giam c6 thé dan dén hong hoc xuat hién trén truc quay.



Céc két qua nghién ctru nay ciing chimg minh rang phuong phap Newmark -
B duogc sir dung dé phan tich hanh vi ctia hé thong rotor véi do tin cdy cao, 6n
dinh khong diéu kién, thoi gian hoi tu nhanh va do chinh xac cao; voi sai $6 s0
v6i thue nghiém < 6%.

Mot may thir nghiém moi méi dé nghién ctiru do bén méi cua tryc truyén dong
khong can bing da dwgc phat trién. Mot coéng cu cin chinh trinh diéu khién
moi ciing duoc thiét ké dé danh gia nhitng tac dong khong can bang nay.

Két qua thir nghiém vé do bén moéi cho thiy gi¢i han méi va d6 bén moi cua
mau giam dudi tic dong cla cac yéu t6 khong can bang; bao gom khéi luong
thu, tc do van hanh va ban kinh tai thir; so Véi truc quay ubn cong thuan tay;
tir 46 xay dung dugc duong cong moéi cua truc quay bang thép C45 dudi tac
dung cia luc tac dong do mat can bang.

Ngoai ra, bién d6 dao dong ngay cang 16n hon khi chu ky tai ting 1én. Piéu
nay c6 thé dugc giai thich bang sy xuét hién va lan truyén cia cac vét nit té

vi, khuéch dai anh huong cua cac luc khong can béng Ién truc.
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CHUONG 1. GIOI THIEU CHUNG

1.1Pat van dé

Dao dong la mot hién tuwgng thuong gap, XuAt hién phé bién trong ca tu nhién lan
linh vuc k§ thuét. Cac két cAu nhu nha cao tang, thap day vang, tram kiém soat khong
lwu va gian khoan ngoai khoi thuong xuyén chiu tac dong cia tai trong, séng bién va
gid, tir d6 dan dén cac trang thai dao dong. Trong cong nghiép va xiy dung, nhiéu
loai thiét bi nhu may cong cu, may in mach, robot va phuong tién giao thong cling
van hanh trong diéu kién dao dong. Khi dao dong xuat hién trong qua trinh lam viéc,
n6 c6 thé gay anh hudng tiéu cuc dén hiéu suat hoat dong, 1am giam tudi tho thiét bi
hoic gay ra sai 1éch trong san pham. Ddi vai cac cong trinh xay dung, dao dong khong
kiém soat c6 thé dan dén hién twong nit, hu hong hodc tham chi 14 pha hiy cong
trinh, gdy thiét hai nghiém trong vé kinh té va tiém an rai ro 16n ddi voi con ngudi va
xa hoi.

Trong d6, thiét bi quay 12 mot trong nhitng co cau co khi c6 chuyén dong quay
dién hinh 13 hé thong banh ring trong hop giam toc 13 pho bién, duoc ing dung rong
rii trong nhiéu thiét bj cong nghiép. Hiéu suit va do on dinh trong qu4 trinh van hanh
ctia loai co cau nay c6 anh hudng truc tiép dén toan hé théng. Khi phat sinh rung
dong, n6 khong chi lam suy giam chét luong san pham ma con c¢6 thé dan dén sy co
k¥ thuat hodc hong hoc nghi€ém trong.

Rung dong ¢ day c6 thé do rat nhiéu nguyén nhan: mat can bang, khong dong
truc, khong déng nhat vé cau trac vat liéu, truc cong, do va dap khi hoat dong, 6 do,
mai mon, lép long, ... Trong do, mét can béng dugc xem la mdt trong nhitng nguyén
nhan chinh giy ra rung dong. Theo tiéu chuan ISO 1940/1 — 2013, gi6i han vé mirc
mat cin bang du cho rotor da duoc xac 1ap [1]

Céc sy cd hong hoc cia co cau quay thudng xay ra trong nhiéu ung dung nhu
dong co hang khong, 6 to, tau thuy, tuabin hay may bom... khong chi gdy tén kém
dang ké vé chi phi stra chira ma con tiém an nguy co de doa dén an toan tinh mang

con nguoi. Diéu ndy c6 nghia la cdc nganh cong nghiép danh rat nhiéu ngudn luc vao



viéc nghién ctru dong luc hoc cua rotor dé tinh toan pham vi hoat dong an toan trudc
khi may di vao hoat dong va ca cac phuong phap phat hién hong hoc sip xay ra.

DPong luc hoc rotor nghién ciru vé may quay déng vai trd quan trong trong toan
bo thé gidi cong nghiép hién dai. Nhitng dai lugng quan trong ding dé phan tich do
rung cta hé thong bao gom tdc dd quay cuia rotor (dic biét 1 tdc do téi han), mirc do
6n dinh tong thé ctia hé théng, va phan tng cta hé khi c6 hién twong mat can bang [2
- 5].

Mot trong nhitng dang pha hiy chinh trén co ciu quay d6 1a pha hay truc quay.
Theo quan sat thuc té, khoang 90% céc su ¢6 hu hong & truc quay, bao gdm nirt giy
va phé huy, bat ngudn tir hién twong nirt méi nhu minh hoa trong Hinh 1.1. D bén
moi cla truc quay duoc xem 13 yéu td thiét yéu khi phan tich va dy doan thoi gian
lam viéc cua hé théng co khi va ciing 1a mot dac tinh co hoc quan trong can duoc
nghién ctru. Pha hiy moi xay ra khi chi tiét may phai lam viéc dué6i diéu kién tng
suat dao dong theo chu ky. Qua trinh nay khéi dau tir cac vi nit hinh thanh tai nhirng
ving chiu Gmg suét 16n, thuong phat sinh trén bé mat ngoai va lan dan vao bén trong
vat liéu. Khi s6 chu ky tai l3p ting dan, qua trinh tién trién cta cac vét nit trong vat

lidu tré nén rd rang hon theo thoi gian, dan dén sy c6 giy hong cua chi tiét [6, 7].
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Hinh 1.1 Cac dang pha huy trén truc quay



Vi thé, viéc phan tich - danh gia cac thong sd anh hudng dén dong luc hoc cia
rotor cO y nghia quan trong dén d6 bén moi tao co s& cho viée uée lugng tudi tho cua
chi tiét, gop ph?m lam co s& cho viée hoach dinh chién luge san xuét va bao tri mot
céch ti uu. Trén co so dinh huéng d6, dé tai “Nghién ciru cdc théng sé anh huwéng
clia mdt cin bang dén dé bén méi rotor” di dugc dé xuit véi muyc tiéu khao sat cac
thong sd anh huong mat can bang nhu téc do quay, goc pha ban dau, vi tri mét can
bang, khdi lugng mat can bang va xung luc kich thich s& anh huong dén d6 bén moi
cta rotor trong thuc tién.

1.2 Muc tiéu nghién ciru

e Muc tiéu chung

Nghién ctru tinh todn danh gia cac thong s6 anh huong mat can bang dén do bén
moi trén rotor bang tinh toan va thuc nghiém.

e Muc tiéu cu thé

Xuét phat tor muc tiéu téng thé cua luén én, nghién ctru xac 1ap cac muc ti€u cu
thé nhu sau dé nham tung budc dat duoc dinh hudng da dat ra:

- Téng quan vé cac loai co ciu quay.

- Nghién ctru va phén tich dic diém cua cac loai co ciu quay, dic biét 1a nhimg
tryc quay hoat dong & tbc do cao von duogc tmg dung phd bién trong cac hé
thdng cong nghiép.

- XAy dung m6 hinh toan cho ddi tugng nghién ciru.

- Tinh toan md phong bang Matlab cac thong sé anh huong dén hién tuong mat
can bang cua tryc quay.

- Thiét ké va ché tao mé hinh may nham phuc vu cho qué trinh thi nghiém thyc
té.

- Thuc hién danh gia thuc nghiém nham phan tich tac dong ctia cac thong )
chinh dén dic tinh hoat dong cua rotor.

- Xac dinh quy luat anh huéng ctia mot s6 thong sé chinh dén do bén moi trén

rotor, tao co s& khoa hoc cho viéc danh gid anh hudéng cua céc thong s6 nay



dén tudi tho (thoi gian 1am viée) dé c6 thé xac dinh duoc ché do hoat dong phu

hop cho ning suat cao nhat.

1.3Pham vi nghién ctru

Trong gidi han ve thoi gian va pham vi cua dé tai, nghién ctru sé€ tip trung trién

khai cac ndi dung chinh sau:

Vat liéu: thép C45.

Téc d6 quay < 3000 vong/phut.

Céc ndi dung nghién ctru tap trung vé cac thong sd gay anh huong dén mit can
bang trén rotor phd bién hién nay duoc cac don vi cAn bang trong va ngoai
nudc str dung.

Thiét bi duoc thiét ké va ché tao nham phuc vu cho céc thi nghi¢m la may khao

sat dao dong va may khao sat do bén moi.

1.4 Huéng tiép cin va phwong phap nghién ciru

Poi twong nghién ciru

Truc quay va cac loai chi tiét quay dién hinh 13 két cdu tryc-banh ring trong
hop giam tbc .

Céc co cau va may quay tdc do cao, ca trong nude va qudc té, co lién quan dén
ndi dung nghién ctru sé dugc tham khao va phan tich.

Phwong phap nghién ciru

Nham dat dugc cac muc tiéu nghién ctru da dé ra, tac gia trién khai cac phuong

phéap nhu sau:

Trudce tién, tién hanh thu thap va nghién ctru céc tai li€u hoc thuat lién quan

dén hi¢én tugong moi trong co cau quay, nham phan tich cac cong trinh da dugc cong

bo, tir d6 xac dinh cac ndi dung da dugc lam rd va nhan dién nhirng van dé con chua

duoc giai quyét — ddy s& 1a co so dinh hudng cho nghién ctru. Ciing voi dé, viée khao

sat cac diéu kién vat chat va hé thdng thiét bi sin c6 duoc thuc hién dé lya chon

phuong an trién khai twong thich véi gidi han va ning lyc ciia dé tai.



Tiép theo, van dung céc thiét bi sin co dé tién hanh gia cong mau thir nghiém

phtt hop véi diéu kién thuc té; dong thoi két hop kiém tra cac dic tinh co 1y va danh

gia cau truc vi mo cua vat liéu kim loai.

Sau d6, xay duyng mé hinh toan va so sanh véi két qua thuc nghiém, tiép theo

thie nghiém va két hop véi xtr 1y s6 lidu thue nghiém thu duge nhiam thiét 1ap phuong

trinh dudng cong moi phan dnh dnh hudng cia cac thong so lién quan dén mat can

bang. Qua dé, xac dinh Gng suét tic dung va sé chu ky phu hop cho ting diéu kién

lam viéc cu thé.

1.5 Y nghia khoa hoc va thue tién

Y nghia khoa hoc

Pé xuét cac thong sd can khao sat dé danh gia dong luc hoc rotor.

Nghién ctru anh hudng cia cac yéu to gdm tde do quay n (vg/ph), vi tri va goc
pha ban dau cia khéi luong thir gdy mét can bang, cung véi lugng mat cin
bang du, xung luc kich thich dén ng suét thay d6i hanh vi dong luc hoc cua
hé thong.

Pé xuat duogc cach thire tinh toan sy thay doi cua tng suét, qua d6 gilp xac
dinh mbi quan hé giita (g suat pha hity moi voi cac thong sd dic trung.
Thong qua két qua thuc nghiém, thiét 1ap duoc mdi quan hé giira cac thong sd
dong luc hoc vo1 do bén méi.

Y nghia thue tién

Xac dinh duge moi lién hé gitra dap trng dong luc hoc vaoi do bén méi trén truc
quay.

DPoéng vai trd nén tang trong viéc xay dung ké hoach san xuét ciing nhu chién

lugce bao tri thi€t bi, mdy mde phuc vu cho cac don vi trong va ngoai nudc.

1.6 Ciu triic trinh bay ciia lun 4n

Luéan an bao gém 6 chuong, dugc minh hoa béng 52 hinh vé€ va 22 bang s6 liéu.

Noi dung duoc td chure theo bd cuc nhu sau:

Chuong 1: GIOI THIEU CHUNG



Noi dung chuong ndy gidi thiéu tinh cip thiét cua linh vuc lién quan dén dé tai.
Tir cac phan tich nhiing ton tai dang c6, tir 46 dé ra muc tiéu nghién ciru trong tim
ctia d8 tai va dé xudt cAu tric cua luén 4n.
Chuong 2: TONG QUAN

Noi dung chuong ndy trinh bay tinh hinh nghién ctru cac linh virc lién quan dén
dé tai. Cac khai niém vé rung dong, moi va pha huy duoc dé cap. Tir cac phan tich
nhing khoang trong dang co, tir d6 dé ra dinh hudng nghién ciru.
Chuong 3: MO HINH HOA PONG LUC HQC HE THONG ROTOR

Noi dung chuong nay x4y dung mé hinh toan cho ddi twong nghién ctru bao gém:
tir dé xuét, xdy dung mo hinh; thong s6 thiét ké; phuong phép tinh; két qua tinh, kich
thudc tinh toan va két qua cudi cling.
Chuong 4: KET QUA PANH GIA DAO PONG TU TINH TOAN VA THUC NGHIEM

Mot thiét bi do chuyén vi dugce dé xuat thiét ké va ché tao. Cac yéu td danh gia
anh huong dén luong mat can bang trén rotor trong luan an ding trong nghién ctru
mo phdng va thuc nghiém dugc gidi thiéu trong chuong nay.
Chuong 5: KET QUA TINH TOAN VA THUC NGHIEM PANH GIA O BEN MOI

Mot thiét bi méi dung dé do d6 bén mai cho rotor khi bi mat can bang duogc dé
xuat thiét ké va ché tao. Két qua thir nghiém vé d6 bén moi cho thiy gii han moi va
d6 bén moi ciia mau giam dudi tac dong ciia cac yéu té khong can bang; bao gdm
khéi luong thir nghiém, tbc do van hanh va ban kinh tai.
Chuong 6: KET LUAN VA HUOGNG PHAT TRIEN

Chuong nay trinh bay tong két cac két qua nghién ctru chinh dat duoc trong khudn
khé luan an. Pong thoi, mot s6 dinh hudng nghién ctru tiép theo ciing dugc dé xuat
nham mo rong va phat trién cac van dé da dugc nghién ciru. Bén canh d6, cac cong
bb khoa hoc lién quan dén noi dung ctia lun an, bao gdm cac bai bao ding trén tap
chi va hdi nghi chuyén nganh, dugc liét ké nhdm minh chung cho tinh khoa hoc va

muc d¢ dong gdp cua luan an.



Chuong 2. TONG QUAN

2.1 Gié6i thiéu chung

2.1.1 Khai niém vé rotor

Rotor (xuat phat tir “rotate” — nghia 1a quay) 1a bo phan chuyén dong cua may,
dong vai tro 12 phan quay trong céc thiét bi nhu dong co dién, may phat dién, hodc
tryc truyén dong trong cac co cau nhu hop giam tc va hop diéu chinh tdc do.

Truc trong hop giam tdc hay hop tc do 1a chi tiét may co tac dung mang cac chi
tiét khac va truyén chuyén dong. Truc trong hop giam tdc chiu tac dung cua luc uén
va moment Xoan tao (mg suat thay doi trong mot chu ky din dén xuat hién do bén
moi.

Céu tao ctia mot hop giam tde dién hinh duge trinh bay trong Hinh 2.1, trong d6

c6 thé quan sat rd cac chi tiét quay va truc quay chiu tai trong thay doi theo thoi gian.

Chi tiét quay

Truc quay

Hinh 2.1 Hop giam toc



2.1.2 Khai niém vé trang thai mit cin bang trén co ciu quay

Hién tugng mat can bang & co cau quay xay ra khi khéi luong khong duge phan
bd ddng déu xung quanh truc quay cta nd. Sy mit cin bang nay c6 thé bit ngudn tir
nhiéu yéu t6 nhu sai sé trong qua trinh ché tao, 1ap rap khong chinh xac, sy khong
dé)ng nhét vé vat liéu, bién dang hinh hoc hoac hao mon trong subt qué trinh van hanh.
Céc yéu tb thuong dugc sir dung dé danh gia tinh trang mit can bang bao gém: do
léch tam, cac két cau khong ddi ximg, sai s dung sai trong gia cong va lap rap, tinh
khong ddng nhat trong ciu truc vat lidu, tic dong co hoc (va dép), hién trong mai
mon, hodc lap ghép khong chit. ..

Céc nguyén nhéan chinh bao gom:

v Trong thiét ké (mot sé bd phan co thé khong dbi ximg)

v Cong nghé (vat lidu khong dong nhat)

v Dung sai ché tao va lap rap

v Su thay d6i co cdu quay khi van hanh (bién dang nhiét, sy an mon, xudng
cap hay bam bui)

Muc tiéu chinh ctia phurong phap can bang 14 xac dinh vi tri (goc pha @) va luong
mat can bang du, dugc biéu dién theo biéu thirc U = m.r trong d6 m 1a khéi lwong mat
can bang va r 1 ban kinh tir khdi luong d6 dén truc quay. Rotor dugc phén loai thanh
hai nhém chinh: rotor truc ctng (rigid rotor) va rotor truc mém (flexible rotor). Sy
phan loai nay phy thudc vao mdi quan hé giira toc d6 quay (vong/phut) cia rotor va
tan s6 dao dong riéng cia no.

Rotor dugc phéan loai thanh rotor truc ctng néu truc quay khong bi bién dang
dang ké trong qua trinh thay d6i toc do quay va khong van hanh gan tan s cong
huong. Nguoc lai, rotor truc mém c6 xu huéng bién dang khi toc do thay d6i hodc
lam viéc gﬁn véi tan sd cong huong. Ddi v6i cac rotor truc mém, viée thuc hién can
bﬁng can duoc tién hanh & toc do gﬁn véi tde do van hanh thuc té dé dam bao hiéu
qua. Theo quy udc chung, cic rotor van hanh duéi 70% toc do t6i han duoc phan loai
1 rotor truc ctng, trong khi cac rotor 1am viéc gan hodc vuot ngudng nay cé thé chiu

bién dang dan hoi dang ké va do d6 dugc phan vao nhom rotor truc meém.



Can bang dong 12 mot phuwong phap thiét yéu nhim han ché rung dong trong cac
thiét bi quay. Cho dén nay, cac nghién ctru 1y thuyét lién quan dén phuong phap nay
d3 dat duoc nhiéu budc tién dang ké [8—10]. Trong thdi gian gan diy, cic hudng
nghién ctru chu dao tap trung vao hai noi dung chinh:

i. Nang cao hiéu qua cin bang thong qua cac k¥ thuit hién dai nhu phuong phap

can bang khong can chay thir (no add trial mass and test runs)

ii. Phuong phap diéu khién c4n bang chu dong (nhu k¥ thuat sir dung 6 d tir chu

dong-Active Bearing Method hodc can biang theo nguyén li tim quay 40).
2.2 Phwong phap cin bing

Vé mat két cu, can béng hién nay duogc hoat dong dua theo 2 két cau co ban sau:
2.2.1 Can bang sir dung nguyén ly gbi d& cirng

So d6 nguyén 1i cia may can bang gbi dd ciing duoc minh hoa nhu Hinh 2.2.
Truyén dong cho rotor dugc sir dung 1 bo truyén dong dai, tryc ciing, cam bién quang
do pha, cam bién do rung tai 2 géi d& dé xac dinh vi tri va lugng mét can béng.

Diu do pha

Phai é :
41N GiAv phan
I I_I 7 quang
Piu do rung

[H_E

I My cin bang déng I

Piu do rung._|

Giao dién

di¢u khi¢n B diéu khién |
USB
R ——...

Hinh 2.2 Nguyén li may can bang gdi d& cling
Viéc can bﬁng phai dugc thuc hién tai van tdc quay thép hon nhiéu vén tdc t&i
han th( nhit ctia cum vat quay - u do, phan luc dong do vat quay tac dong 1én cac géi
d& duogc xac dinh nho vao cac cam bién do luc (st dung vat liéu ap dién - piezoelectric

material) riéng ré gan tai cic gdi d&. Pa sd cac loai may can bang dong hién co trén



thi truong thudce loai nay [11]. Uu diém ndi bat cua chung la su 6n dinh trong van dé
truyén dong, d& hiéu chuan va cé két ciu nhin chung rat cing virng. Nho vy, hé
thdng hai cam bién do luc rung dong tich hop trén may c6 tudi tho lam viée cao.
2.2.2 Can bing sir dung nguyén 1y gbi do mém

So d6 nguyén i cia may can bang gdi d& mém duoc minh hoa nhu Hinh 2.3.
Khac biét co ban so v6i may cin bang gbi dd cung 1a két cau gdi d& c6 thé dich
chuyén tu do theo phuong vudng goc voi truc quay. Dao dong cua cac gbi do duoc

nho vao cac cam bién chuyén vi, cdm bién van toc hay cam bién gia toc.

Hinh 2.3 Nguyén li may can bang gdi & mém

2.2.3 Cén bang rotor truc mém

Khi tan sé tu nhién caa mot phan cia may ciing bang véi toc d6 quay hoic mot
s6 tan sé rung dong khéc, xuét hién diéu kién cong huong. Toc do quay ma tai do
rotor di vao cong hudng duoc goi 12 tbe do t6i han (critical speed). Trong trudng hop
nay, ta thuc hién viéc can bang tai van toc quay vuot qua cac toc do toi han caa cum
vat quay — gbi d&. Mot rotor truc mém can bang ¢ mét toc do van hanh cé thé khong
duoc can bang khi van hanh ¢ toc do khac. Diéu nay 1a do khi rotor udn cong hozc bi
léch hudng, trong lwong cua rotor dugc di chuyén ra khoi truc trung tim dang quay
tao ra mot diéu kién khéng can bang méi. Sy mat can bang méi nay c6 thé duoc diéu
chinh bang cach can bang lai. Tuy nhién, rotor sau d6 s& khdng can bang & toc do
cham hon, noi khong c6 bién dang. Giai phap duy nhat dé dam bao hoat dong tron

tru ¢ tat ca cac toc do 1a phai thuc hién cac sy diéu chinh can biang trong cc mat

10



phang that su mat can bang. C4c chi tiét quay dic trung mang tinh chit caa rotor truc
mém c6 thé ké dén d6 1a cac loai tuabin hoi va khi, may bom li tim nhiéu ting, may
nén khi...

2.3 Co ché pha hity méi trong chi tiét may

Hién tuong moi duoc ghi nhan 1 mot trong nhitg nguyén nhan phd bién din
dén pha huy cu kién véi tan suat dang ké; trong cac sy ¢d cua hé thdng co khi cong
nghi¢p, anh huéng truc tiép dén do an toan van hanh, hiéu suét san xuit va thim chi
1a stc khoe con nguoi. Chinh vi mirc d¢ nghiém trong do, qua trinh moi da tr¢ thanh
d6i tugng nghién ctru chuyén siu trong sudt hon mot thé ky qua. Nhimg déng gop
som cia cac hoc gia nhu Schutz [6], S.Suresh [7] Toth va Yarema [12] da dat nén
mong cho nhén thirc vé pha huy moi tir thoi ky dau cia cach mang cong nghiép.

Viéc nghién ciru hién tugng mai trong kim loai bat dau tir thé ky XVIIL, véi cac
ng dung dau tién tap trung chu yéu trong nganh cong nghiép khai thac khoang san.
Mot cot mde quan trong trong lich str nghién ctru moi 1a cac cude diéu tra sau khi xay
ra hang loat su ¢ giy truc trén cac toa xe lira, duoc nghi ngd do tac dong cia (ng
suét lap lai theo chu ky. Nhitng nghién ctru ndy da cung cp bang chtng thuyét phuc
vé co ché pha hiy do moi, dong thdi dit nén mong cho su phat trién cia linh vuc co
hoc moi trong thiét ké va phan tich két cau co khi.

Ké tir d6, linh vuc nghién ctru moi da dugc mo rong sang nhiéu linh vuc cong
nghiép bao gdm co khi ché tao, cong nghé 6 to, hang khong — vii try va xay dung
cong trinh. Nhiing cong trinh khoa hoc nay da dong gop nhiéu kién thire gia tri, cung
cap co so k¥ thuat thiét yéu cho cac nha khoa hoc trong viéc tinh toan, thiét ké nham
han ché nguy co pha hity moi trong céc chi tiét may va két cau ky thuat.

2.3.1 Khai niém

Hién twong moi duoc hiéu 14 qué trinh suy giam dan tinh toan ven cta vat liéu do
chiu tic dong clia ing suit bién thién theo thoi gian. Sy bién thién lién tyc cia tng
suit ndy dan dén su hinh thanh céc vi nirt moi trong cAu trac vat liéu. Theo thoi gian,
cac vi nut nay tiép tuc phat trién va lan rong, cudi ciing gy ra sy pha huy hoan toan

ctia chi tiét. Loai hu hong nay duogc goi 14 phé hity do méi.
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2.3.2 Bén chat
Phén 16n cac chi tiét may trong thuc té van hanh thuong 1am viéc duéi diéu kién

g suit dao dong theo chu ky. Trong nhitng trudng hop nhu vay, chi tiét c6 thé bi

hu hong ngay ca khi Gng suit tac dong nho hon déng ké so véi Gmg suat tinh gdy pha

huy. Qua quan sat thuc nghiém, ngudi ta nhan thay rang khi chi tiét chiu tng suit
thay ddi lap lai, cac vi niit ban dau thuong hinh thanh tai nhitng ving chiu Gng suét
tuong dbi cao. Theo thoi gian va sd chu ky tai ting 1én, cic vét niit ndy c¢6 xu hudng
phat trién, 1am suy giam kha ning chiu luc cta chi tiét va cudi ciing dan dén giy hong

— hién twong nay duoc goi 12 pha huy do moi. Kha ning cua vat liéu trong viéc chong

lai su suy yéu do qua trinh méi gy ra duoc goi 1a dd bén moéi (hay strc bén moi) [13].

Thong s6 nay c6 ¥ nghia dic biét trong viéc phan tich do bén cua chi tiét dudi anh

huong cia ing suat dao dong.

Tir cac két qua nghién ciru lién quan dén hién tuong pha hity do maéi cia vat liéu,
c6 thé tong hop mot s6 nhan dinh quan trong sau:

- Qua trinh pha hily moi thuong khoi phat tir cac vi nit cuc nho trong cau tric vat
lidu, do d6 nhirng vét nirt nay khong thé quan sat bang mét thuong. Ching dan mo
rong theo su gia tang sb chu ky trng suat, va dén mot thdi diém nhat dinh, su phat
trién ctia vét nirt s& dan dén pha huy chi tiét.

- Vatliéu c6 thé bi pha hity bai ing suat thay doi 1ap lai mac du gia tri ing suat cuc
dai omax nho hon nhiéu so véi gidi han bén hodc tham chi thap hon ca gii han
chay, néu sb chu ky tai da 16n.

- Mot sb vat liéu nhat dinh thé hién su ton tai cua ngudng Ung suat moi, néu ung
suét tac dong dudi mirc nay vat liéu co6 kha nang chiu dugc $6 lugng chu ky tai
trong rat 1o6n ma khong xay ra hién twong pha huy — ddy duoc xem 1a gigi han moi.

2.3.3 Pic diém ciia bé mit giy do méi
Hién tugng moi thuong dan dén pha hiy trong diéu kién (mg suat & mic trung

binh hoic thap. Khi do, chi tiét c6 thé bi giy hoan toan hodc xuat hién cac vét niit 16n

1am mat chirc ning 1am viéc. Qua trinh phat trién vét niit moi dién ra am tham va rat

kho nhan biét bang quan sat théng thudng, tuy nhién khi dat dén mirc gii han, sy
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pha huy xay ra mdt cach dot ngot tai mot hoac vai tiét dién cu thé. Tai cac vi tri nay,
vét nit lan sdu vao trong chi tiét, lam giam dang ké dién tich chiu tai, khién chi tiét
khong con du kha ning khang tmg suét tac dung.

Tong quan lai, co ché pha hiy do moi xay ra mot cach tiém tién va bao gom céc
giai doan chinh sau day:

+ Sau mét s6 chu ky tai nhat dinh, cac vi tri ¢6 tp trung tng sudt trén chi tiét bat
dau hinh thanh céc vét nit vi md ban dau.

+ Cdc vi nut nay tiép tuc lan rdng theo thoi gian, lam giam tiét dién chiu luc hiéu
dung cua chi tiét, tir d6 1am gia ting ing suit phan bd trén phan tiét dién con lai.

+ Khi tiét dién con lai khong thé chiu dugc ung suit do tai trong gay ra, chi tiét s&
bi phé hity hoan toan do mat kha ning chdng méi.

Bé mat gdy do moi thé hién nhimng dic trung khac biét 13 rét so voi pha huy dudi
tac dung cua tai trong tinh. Cu thé, trong trudng hop vat li€u déo bi tac dong bdi tai
tinh, khu vyc gay thuong xuat hién hién tuong co thét cuc bd. Nguoc lai, voi vat liéu
gion, mit giy thuong twong dbi phang va hau nhu khong c¢é sy bién dang hinh hoc o
nét.

Khi phan tich bé mit gy do méi, thudng co thé phan biét ba viing dic trung (xem
Hinh 2.4): ving dau tién c6 bé mit tuong ddi nhén, ciu trac hat min, tuong tu hién
tuong gy trong vt liéu gdm — day 1a khu vuc ma vét nit moi phat trién dan theo thoi
gian, duoc x4c dinh 13 ving pha hiy do moi. Ving tht hai ¢6 dic diém thé hon, c6
thé xuét hién van thé hodc hat 10n — 1a két qua cta qué trinh pha hay dot ngot khi tiét
dién con lai khong du chiu tng suat, duoc goi 1 ving pha hity do tai trong tinh.

Tuy vay, trong mot sb trudng hop cu thé, bé mat gdy do mai c6 thé dugc phan
chia thanh ba ving riéng biét: (1) Ving dau tién thuong c6 bé mat nhan, dai dién cho
giai doan khai sinh va phét trién cham cuaa vét niit moi; (2) Vang thi hai thé hién bé
mat thd hon, phan anh téc do lan truyén caa vét nit da tang 1én dang ké; (3) Vung
cudi ciing, vai dic trung go ghé rd rét, twong wng voi khu vie bi pha huy nhanh dudi
tac dong cua tai trong tinh khi tiét dién chiu luc khong con du kha ning khang tung

SUAt.
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Thong qua viéc quan sat hinh dang tong thé ctia bé mat giy, c6 thé suy luan vé
mirc d6 qua tai ma chi tiét may da phai chiu trong qua trinh lam viéc. Trudng hop
ving pha hiy do méi chiém wu thé so véi khu vuc hong do tai tinh cho thay chi tiét
da chiu Gmg suat vuot nhe gidi han moéi trong mot khoang thoi gian dai trudce khi xay
ra pha huy hoan toan. Nguoc lai, néu viing pha hiy tinh chiém phan 16n dién tich bé

mat gdy, c6 thé két luan rang chi tiét da phai chiu ing suit cao trong thoi gian ngan,

Hinh 2.4 Bé mat gdy moi

dan dén pha hiy sau s6 chu ky lam viéc twong ddi thap.

2.3.4 Gi6i han méi
Gidi han moéi cua vat liéu & mot diéu kién nao d6 13 gia trj 16n nhit cla ing suat
thay dbi theo thoi gian tuong (mg véi mot s6 chu ky tmg suat co s ma vat liéu khong

bi pha hity. Mdi loai vat liéu c6 sb chu ky tmg suit co so riéng. Goi N 13 sé chu ky

ing suat co so, ta c6 Bang 2.1 [13].

Bang 2.1 Bang gia tri N ing v6i mot s6 kim loai k¥ thuét phd bién

TT DANG VAT LIEU N
1 Thép c6 ham lugng cacbon thap 2.108
2 Thép cacbon murc trung binh 2.106
3 Thép hop kim héa 2.108
4 Kim loai phi sat 5.106
5 Gang k¥ thuat 1,5.106
6 Vit liéu composite 1,5.10°
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2.3.5 Céc yéu td quyét dinh do bén moi
- Vat liéu va qua trinh xtr 1y nhiét
- Trang thai ing suit: tng suit dan hoi va ing suit moi.
- Cau triic té vi clia vat liéu
- Kich thuée
- Hinh dang két cdu
- Cong nghé gia cong co khi va xir Iy bé mit
- Oxi hoa va thoat cacbon
- Anh hudng cua hién tuong Fretting (hién twong moéi - mon — ri)
- Ung suat du, chu yéu 1a ing suat du 16p bé mit
Trong gi6i han cua dé tai nghién ctru, ta chi xét anh huong cua Gmg suat tic dong,
ing suat gay ra do mat can bang, dén d6 bén mai cia chi tiét.
2.4 Tong quan tinh hinh nghién ciru
Trong giai doan hién nay, phan tich d6 bén moi déng vai tro thiét yéu trong viéc
danh gia kha nang 1am viéc bén viing cila cac chi tiét co khi. Pay ciing 1a mét linh
vuc nghién ctru nhan dugc su quan tam sau rong tir cong d@)ng khoa hoc trong va
ngoai nudc. Mot sd cong trinh tiéu biéu trong linh vuc nay c6 thé ké dén nhu: nghién
ctru cuia DS Puc Tuén [14] tap trung vao danh gia d6 bén va d6 bén moi cua két cau
bd phan chay trén dau mdy va toa xe thudc nganh duong sat Viét Nam; nghién ctru
Pham L& Tién [15] tai Truong Pai hoc Giao thong Van tai, phan tich do bén moi cua
tryc banh xe trén diu may xe ltra D19E; nghién ctru do Tran Hoai Béo [16] thuc hién
lién quan dén hién twong nit moi & cac chi tiét co dang truc va 10 xo xoan; va nghién
clru cua Nguyén Vinh Phéi tai Truong Pai hoc Su pham Ky thuat TP. HCM [17],
danh gia anh hudng cta 16p phu bé mat dén kha ning chiu moi ctia cac chi tiét dang
truc.
Mic du da c6 nhiéu cong trinh nghién ciu vé do bén moi, tai Viét Nam hién nay
van chua c6 cong trinh nao tap trung phan tich anh hudng cua rung dong, dic biét la
c4c yéu td mat can bang, dén kha nang chiu moi cua rotor. Nham danh gia toan dién

hién trang nghién ciu trong linh vuc ndy, phan tiép theo s& trinh bay va phan tich céc
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cong trinh tiéu biéu trong va ngoai nudce, qua dé 1am rd xu hudng phét trién ciing nhu
nhitng khoang tréng can tiép tuc nghién ciu.
2.4.1 Cac nghién ctru ngoai nuée
Vé rung dong do méit can bing
Trén thé gi6i, ba phuwong phap can bang rotor duge cong nhan rong rii bao gom:
+ Phuong phap cin bang theo dang dao dong riéng (Modal Balancing — MB),
dugc gidi thiu boi Bishop [18].
+ Phuong phap sir dung hé sb anh huong (Influence Coefficients Method —
ICM), do Lund dé xuét [19].
+ Phuong phap tiép can can bang két hop (Unified Balancing Approach —
UBA), dugc phat trién boi Mark Darlow [20]

Pay duoc coi 1a 3 phuong phap nén tang cua can bang dong. Trong d6, cin bang
dao dong riéng va phuong phap hé sd anh hudng 1a hai phwong phap can bang co
dién v&i mot s6 1an chay thir nghiém (test runs).

Ba phuong phéap néu trén dugc xem 1 nén tang co ban trong linh vuc can bang
dong. Trong d6, phuong phap can bang theo dang dao dong riéng (MB) va phuong
phap hé s6 anh huong (ICM) dugce coi 1a hai phuwong phéap truyén thong, déu yéu cau
thuc hién mot s6 1an chay thur nghi¢m.

Déi véi phuong phap MB, viée xac dinh lugng mat can bang cia rotor chiu anh
huong dang ké tir dic tinh cua gbi d, dic biét trong cac hé thong c6 hé sb giam chan
cao. Nguoc lai, phuong phap ICM khéng bi tac dong boi dic tinh hd tro cua gbi d&
trong qué trinh xac dinh mat can bang. Tuy nhién, néu cac vi tri dit cam bién do
khong dugc lira chon hop 1y, diéu nay c6 thé 1am cho ma tran hé sé anh huong tré
nén suy bién, din dén su khong kha thi trong giai phap can bang. Mot vu diém cia
ICM 1a phuong phap nay yéu cau kién thirc hé thong it hon va da duogc phat trién
dang ké trong thuc tién [21]. Mic du vay, diém han ché chinh cua phuong phép la
can thyc hién nhiéu 1an chay thir nghiém hon so véi phuong phép can bang theo dang

dao dong riéng, vén doi héi it 1an thir hon [22].
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Khac vé6i cac phuong phap can bang truyén théng, phuong phap can bang két hop
(UBA) do M. Darlow dé xuét cho phép khai thac tdi da thong tin lién quan dén rotor
trong qua trinh can bang. Tuy nhién, phuong phap niy van yéu cau thuc hién it nhat
mot 1an chay th.

Viéc tién hanh chay thir nghiém khong chi tdn kém vé mit chi phi va thoi gian
ma con 1am giam tudi tho ciia may quay, dic biét nghiém trong trong trudng hop cac
may phat dién turbo ¢& 16n, noi ma thoi gian dimng may kéo theo thiét hai kinh té dang
ké. Trudc nhu ciu ngay cang cao vé do tin cdy, hiéu suit va téc do hoat dong trong
cac hé théng quay hi¢n dai, viéc du doan chinh x4c dic tinh dong luc hoc cua may
tré nén ngdy cang thiét yéu.

Du cac m6 hinh 1y thuyét va k¥ thuat hién nay di dat trinh d6 phat trién cao,
nhung viéc mo phdng chinh xac hanh vi dong hoc cua thiét bi van con han ché, chu
yéu do thiéu dit liéu day du vé lugng mat can bang, do ciing tong thé ciia hé thong,
cling nhu hé sb giam chan con lai. Vi vay, vi¢c dinh lugng chinh xac cac yéu t6 nhu
mat can bang, d6 cimg va hé sb giam chén 1a rit quan trong trong viéc ning cao do
chinh xac cia du doan dong hoc d6i voi cac thiét bi quay.

Viéc dinh luong chinh xac cac tham s6 nhu d6 mét can bﬁng, do cting va hé sb
giam chan dong vai tro then chdt trong vi¢c nang cao d¢ chinh xac ctiia du doan vé
dac tinh dong luc hoc cua cac hé théng quay.

Hién nay, cac huéng nghién ctru trong linh vuc nay tap trung chii yéu vao hai noi
dung chinh:

- Nang cao hiéu qua qué trinh can bang, dic biét thong qua viéc phat trién cac
phuong phap hién dai khong yéu cau khéi luong thir hodc cac lan chay thi
nghiém (no add trial mass and test runs)

- Ung dung cac k¥ thuat diéu khién chu dong trong cin bang, tiéu biéu 1 phuong
phap sir dung 6 d& tir ch dong (Active Magnetic Bearing — AMB).

Mot s6 phuong phap tiép can trong nghién ctru vé mat can bang nhu sau:
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A. Diéu khién chi dong Luc trong vong bi/gdi dé: Xu [23]

Xu va cac cong su trinh bay phwong phap sir dung gbi d& tir chu dong (AMB)
dung lyc dién tir thay thé lyc co khi c6 thé hiéu chinh d& dang, giam rung dong trong
qua trinh hoat dong cua rotor.

Tuy nhién, viéc xac dinh mit can bang thanh cong bang cach sir dung phuong
phap trén doi hoi cac thong s phuong thire chinh xéc, chi c6 thé dat dugc théng qua
phan tich phuong thirc, thir nghiém hé thong rotor khong phii hop cho céc rotor van
hanh.

B. Khong cin khdi lwong thir: Khulief [24]; Xiaofeng Li [25]

Céac nhom nghién ctru da két hop gilta mo hinh phan tir hitu han, phan tich dang
dao dong tu thyc nghiém, do rung dong va cac k¥ thuat xac dinh toan hoc nham xay
dung quy trinh thtr nghiém va phén tich k¥ thuat phuc vu cho viéc can bang cac rotor
truc mém hoat dong & tbc d6 cao. Mot mo hinh dong rotor duogc thiét 1ap dua trén 1y
thuyét phan tir hitu han. Phuong trinh vi phan chuyén dong ctia né sau d6 duoc mo
rong dua trén cac hinh dang phuong thirc. Hon nita, & pho tin s6 phat hién tai khong
can bang trong mién tan s6 thu dugc bang cach str dung bién ddi Fourier nhanh (FFT)
va FFT nghich dao. Cudi cung, lugng mat can bﬁng rotor da duoc xac dinh,

Céac phuong phap dua trén tng xtr dong hoc cua rotor cung cap nhiing ¥ tudng
nghién ctru méi cho can bang rotor ma khong can chay thir nghiém. Nhitng phuong
phap nay c6 ging tinh toan sy mat can bang rotor bang cach giai mot tap phuong trinh
duoc xay dung dua trén phuong phéap Ricatti hoic FEM véi cac dao dong gan vong
bi.

Tuy nhién, d§ chinh xac trong viéc xac dinh lugng mét can béng con phu thudc
dang ké vao do ctng thuc té va hé s giam chan ciia hé thong 6 d&. Xac dinh hé sb
géi d& duoc biét dén rong rai nhu mot van dé kho khan. St dung céc h¢ s6 anh huong
g6i d& thu dugce tir cac sach hudng dan thiét ké hodc cac thuc nghiém trong phong thi
nghiém, khac biét voi cac hé ) trong thyc té, dan dén giam d6 chinh xac nhan dang

khi can bé‘mg rotor va tham chi that bai khi can béng.
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Vi vay, cac phuong phap cho phép ddng thoi uwéc luong lwong mat cin bang con
lai, 46 cting ctia gbi d& va hé sb giam chan di duoc nghién ctru va phat trién, dé xuat
mot phuong phap xac dinh sy mét cin bang rotor; dd cting va hé sb giam chin dwa
trén phuong phap ma tran Ricatti. Pap ing mat can bang cua cac gbi d& (bearing
blocks) dugc do va phuong trinh dugce xay dung bang phuong phap ma tran Ricatti
hoic FEM va da dang toc d6 quay trén mot pham vi rong dé c6 duge phuong trinh
day du.

So sanh véi cac phuong phap lién quan trong cin bang, thuat toan dugc dé xuat
cung cap mot phuong tién hiéu qua dé theo ddi truc tiép (online) cac hé s6 anh hudng
khong can bang ma khong can c6 kich thich bén ngoai, chay thir hodc thay dbi toc do
quay.

Céc rotor thuc té, chang han nhu canh quat c¢6 truc khong dong nhat, cac canh
quat c6 nhiéu dia hodc céc truc co cac phan khac nhau va canh quat ¢ nhiéu tang,
thue té va phuc tap hon. Nghién ctru vé cac van dé vé thuan va nghich dao cua cac
rotor lién tuc nhu vay da dugc thuc hién trong cac nghién ctru sau. Cac khoanh khic
hdi chuyén c6 thé hoat dong trén dia cimg ciing nhu lién tyc trén mit cit ngang truc.
Do d6, diéu nay nén dugc xem xét trong mé hinh cua truc lién tuc dé nghién ctu
thém.

C. Bat Pang Huéng — Genfeng Lang [26]

Muc tiéu can bang dong nham ting cudng hiéu ing giam rung khi hoat dong.
Trong s6 tt ca cac yéu td c6 thé tham gia, su bit dang hudng hé thong da duogc xac
nhan 13 mot trong cac yéu té quan trong nhét c6 thé anh hudng nghiém trong dén két
qua can bang.

Trong khi d6, can bang chi tiét quay dang hudng cling da thu hit sy cha ¥ cia
cac nha nghién ctru trén khip thé gidi, hop nhat thong tin thu dugc tir hai huéng xuyén
tam vudng goc va st dung phuong phap hé s6 anh huéng nho nhat 1én ké hoach can

bang, sir dung thong tin tién str clia cac phan lién quan dé can nhic hé bat dang huéng.
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D. Khuyét tat/vét nirt trén rotor: [27-31]

Jean Sinou [27] ap dung phuong phap Alternate Frequency Time domain (AFT)
két hop véi ky thuat path-following dé md phong vét nit mé (crack breathing), gidp
tinh toan hiéu qua hon so véi phuong phap tich phan sé thong thuong (nhu Runge-
Kutta), dic biét khi hé c6 tinh phi tuyén. Két qua cho thay ung suat c6 dang bat ddi
xang trong truc khi quay. Chao Fu [28] d3 phan tich dap Gng trang thai 6n dinh cua
rotor ¢ vét nit v4i cac tham sb khong chic chan nhung b1 gidi han sir dung mot dai
dién phuong phép da thirc. Mot da thirc thay thé cho hé thdng rotor nirt v6i cac tham
s6 UBB dugc xdy dung. M6 hinh phan tich rotor FE dugc coi 1a hop den va chi chay
& cac diém mau. Tinh chinh x4c tinh toan cua “ham da thuc thay thé” duoc xac nhan
bang cach so sanh véi cac phuong phap khac. Phuong phap thay thé c6 thé giai quyét
véi mot sd luong 16n cac dai luong khong chic chan véi hiéu qua. Mobarak va cong
su [29] chi ra rang vét nit méi thudng phat sinh trén truc quay do tai trong tac dung,
g suét xodn va rung dong ngang do mat can bang khdi luong quay. Ho dd nghién
clru vé mat sd co ché thé cta vét niit ngang trong rotor hai dia bang mé hinh phan tir
hitu han ba chiéu, xem xét cac tac dong két hop cta lyc mét can bang va trong luong
rotor. Phat hién ctia ho cho thdy qua trinh thé vét nirt chiu anh hudng rat nhiéu boi
nhiéu yéu td, bao gém vi tri truc va goc cua vét nut, ty 1€ dg sau vét nut, ty 1€ luc mét
can bang va vi tri goc ciia luc mat can bang. Bén canh d6, H. Wu va cong su [30, 31]
da phat trién mot mo hinh truc khong can bang dé nghién ctru tac dong tir vi tri va
g xtr co din ctia vét niit dudi tac dong cua luc khong can bang; di nghién ctru co
ché co dan ciia vét niit trén truc quay bang moé hinh phan tir hitu han 3D, xem xét
ddng thoi anh hudng cua trong lugng rotor va luc mat can bang. Két qua cho thiy
hanh vi thé phu thudc manh vao vi tri va goc vét niit, 46 sdu nat, vi tri va cuong do
luc mét can béng. Sau d6, ho phat trién mo hinh truc mat can béng dé phan tich cu

thé anh hudng ctia vi tri vét nit dén hanh vi thé dudi tai khong can bang.
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E. Holo Balancing — Phé Holo: Shi Liu [32]

Shi Liu trinh bay mdt phuong phap can bang (holo balancing) dwa trén nghién
ctru vé phd holo (holo spectrum), str dung vector pha ban dau (Initial Phase Point -
IPP) ctia quy dao 3 chiéu trong khong gian dé biéu dién dap (mg mat can bang.
F.Luwec Kkich thich ngoai: Shachar Tresser [33]

Trong phuong phap ndy, tic gia trinh bay mot k§ thuat méi dé wdc tinh cac théng
s6 mat can bang rotor (bién do va géc pha) + Bo loc Kalman. Can bang dong cua cac
cAu triic quay siéu t6i han sir dung dit liéu tbc do cham thong qua kich thich tham sé.
Nhom nay dé xuat mot phuong phap can bang méi cua rotor linh hoat, khéng yéu cau
may quay & téc do cao. V&i phuong phap nay, rotor chi quay & toc do thap, trong khi
phai chiu dung mot tap hop céc luc diéu khién bén ngoai. Cac lyc bén ngoai bao gém
mot bo diéu chinh, dap tng phu thudc, kich thich tham s va do climg phi tuyén gidi
han /c6 thoi han. Kich thich tham s c6 thé ¢ lap bat ky ché o mong muén nao,
trong khi van giit dap tng truc tiép lién quan dén s mét can bang. Mot phan mém
kiém soat do cting phi tuyén gidi han boi dap Gmg, do d6 ngan chin rotor tré nén
khong 6n dinh. Nhitng luc nay da do nhay can thiét dé phat hién phép chiéu cua sy
mat can bang trén bat ky mode/ché 46 mong mudn nao ma khong can thiét bi quay ¢
tdc do cao. Phan tich, sb va két qua tht nghiém duoc hién thi dé x4c nhan va ching
minh phuong phép nay. Bo khuéch dai tham sb khuéch dai dang ké dap ung ctia hé
théng & bat ky ché 46 mong mudn nao, trong khi van giit dap ing phu thudc vao phép
chiéu cua sy mat can bang & ché do mong mubn. Bang cach ap dung bo kich thich
tham sd truc giao dén cac ché do khong mong mubn, bd khuéch dai tham sb c6 thé
cho phép phat hién chiéu sy mat cAn d6i trén bat ky ché d6 mong mudn nao (pha va
bién dJ).

Phuong phap nay doi hoi phai thuc hién cac luc & tan s cao (2 1an tan sb tu
nhién cta ché do/mode mong mudn), va tai bién do tuong dwong vai vai phan tram
d6 cting phuong thirc/mode 1an chuyén vi mong muén. Céc luc yéu ciu ciing phu

thudc vao mirc d§ gidm chan va vi tri noi ap dung thuc hi¢n. Cac luc nay c6 thé kho
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dat dugc d6i v6i cac rotor 16n va rotor cing/khéng bién dang, theo cong thirc hién
tai.
G. Cin bing khéng cin chay thir: B. Xu [34]

Mot cong nghé can bang dong ao duoc phat trién dua trén phuong phap hé sb
anh huong. Hé sb anh hudng dugc tinh toan bing cach phén tich phan hoi trong mo
hinh FEM nhdm xac dinh vi tri va d6 16n ciia mit can bang. Mot phuong phéap cin
bang dong a0 ma khong ¢ trong luong thir nghiém cua truc nhiéu rotor dua trén phan
tich mo hinh phan tt hitu han duoc phat trién trong bai bao nay. Ngoai ra, khong d&
thiét 1ap mo hinh phan tir hitu han chinh x4c va hop 1y cta truc quay nhiéu rotor vi
cac yéu t cb hitu (von c6) nhu hé théng dan dong va cau trac hd tro (bé d&). Hon
nira, chiing ta c6 thé nghién ctru thém vé cach xay dyng mé hinh phén tir hiru han phu
hop voi dac diém dong luc hoc cua rotor thuc té dé cai thién hiéu qua can bﬁng trong
tuong lai.

H. Can bang nhiéu mit phiang: Guangfu Bin [35]

Mo hinh hoa su mét can bang trong hai mit phang riéng biét va sir dung hé sd
anh huong (ICM), gitip tinh toan hiéu chinh khéi lwong cin bang di dugc nhiéu nhom
thuc hién [36]. Bin dua ra phuong phap hé s6 anh huong da miat phang theo cac toc
do khéac nhau duogc tinh toan dua trén cadc du doan dap Uing trang thai 6n dinh tr FEM
thay vi st dung cac dap ing do duoc nhu duoc st dung trong cac phuong phap can
bang truyén thong khac. Cac dap (g mat can bang ban dau dugc yéu cau dé xac dinh
ham muc tiéu. Khdi lugng hi¢u chinh doc theo truc dugc xac dinh hau nhu dé can
béng hé théng truc voi hiéu qua cao va toan by hé théng duoc can béng & toc do cao.
Giam trung binh bién d6 dao dong vong bi 1a 25% va giam t6i da 13 50% duéi 2.700
vong/phut, cao hon tdc d6 quan trong thir tu cta hé thong truc.

Phuong phap cn bang dong duoc dé xut co hiéu qua cao, chi phi thap va ton it
thoi gian hon. Viée xay dung mot md hinh dong co rotor chinh x4c bao gdm mang
dau va bé linh hoat dé c6 duge hé sd anh huong chinh xac dong mot vai trd quan

trong.
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I. Can bing bing diéu chinh sai léch tim quay ao: Rajiv Tiwari [37]

Mot phuong phap diéu chinh sai 1éch thir nghiém ao dé xac dinh sy mét can bang,
cam bién va su sai léch 6 truc tir hoat dong cung voi cac thong s6 do ctrng cua no
trong mot h¢ théng rotor linh hoat.

Mot thuat toan nhan dang dua trén mé hinh bét nguén tir ké hoach thu nghi¢m
sai 1éch ao (Virtual Trial Misalignment - VTM) duoc phat trién dé xac dinh do 1éch
du cua rotor, 6 d& tir (AMB), cac thong s6 dich chuyén va do cung hién tai cua chiing.

Phuong phap 4o nay nhiam cung cip sai léch thir nghiém cho réto dang tin ciy va
hiéu qua hon so v&i sai 1éch thir nghiém vat 1y, vi phuong phap nay khong can chay
thir nghiém va mé hinh chinh xéac ctia hé thong mang cam bién rotor.

M6 hinh toan hoc cho cic cam bién dich chuyén khong tiép xtc bu dap tir tim
rotor ciing dd duoc trinh bay va tham chi s6 lugng bu dap dugc xac dinh bang cach
sit dung phuong phap mdi nay. Pé minh hoa cho phuong phép luan duoc dé xuat,
mot hé thdng rotor linh hoat khong cén bang va bi 1éch dugc gin trén nhiéu AMB da
dugc xem xét. Su khong déng tam gitra truc van hanh cua rotor va truc cua cac AMB
duogc hd tro 1a nguyén nhan chinh gy ra 161 1éch (két hop giira song song va goc).

Phuong phéap phan tir hitu han v6i so dd ngung tu dong con quay hdi chuyén dugc
str dung dé thu duoc dang rit gon ctia hé phuong trinh. Cac dép tng mién tan sé duoc
tao bang sd duoc sir dung thém trong thuat toan nhan dang dé wdc tinh hé thong rotor
- AMB va cac thong sb 16i. Bén canh d6, cac mirc dd khac nhau cua tin hiéu nhiéu
ngau nhién cling nhu 16i mo hinh rotor dugc thém vao trong phuwong phap luan dya
trén VTM da phat trién dé kiém tra tinh hiéu qua va do nhay cia tin hiéu trong mé
hinh rotor thuc té.

G. Rung dong do xoin, dao ddng ngang va doc trén rotor:

Cac truc truyén dong trong hop s6 hoat dong & nhiéu tdc do khac nhau va nhiéu
loai tai khac nhau. Mot sb yéu t6 c6 thé gy ra hong truc truyén dong trong qua trinh
van hanh. Mot trong nhitng nguyén nhan chinh gay ra hu hong 14 rung dong. Céc ché

do rung don va rung két hop gy ra cac van dé vé moi, gay va ma sat trén toan bo hé
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thdng truc. Cac ché do rung don va rung két hop c6 thé duoc phén loai theo nhiéu
cach, bao gdm rung xodn, rung doc va rung ngang cia truc quay [38-52].

Su mét can bang truc 1a mot trong nhitng nguyén nhan chinh giy ra rung dong.
N6 thudng xdy ra trong qua trinh van hanh truc quay trong hop sé va c6 thé 1a do
banh ring bi mon hodc nirt [38]. Friswell et al. [39] dd cung cAp mé ta co ban vé dong
Iie hoc rotor va thir nghiém mé hinh don gian bang cac phuwong phap phan tich hién
dai. Ngoai ra, Yuan [40] va Hong [41] d4 nghién ctru hé thdng rotor véi mé hinh dong
Iie hoc trong d6 dia rotor duogc dit & gitta truc dan hoi khong khdi luong. Cac phuong
trinh chuyén dong dugc thu dugce tu dong luc hoc Lagrange cho dao dong ngang -
xoan. Han [42] da dua ra phuong trinh chuyén dong bang cach gia dinh rang hé thong
truyén dong dong co diesel co thé duoc tiép can nhu mdt mo hinh rotor don gian nhu
rotor Jeffcott. Bén canh d6, Das [43] dd mo hinh héa mot hé théng truc roto linh hoat
chiu uén cong va xoan két hop véi truc va dia di chuyén ra khoi diém gitra cia truc.
Trong cac nghién ctiru duge mo ta & trén, co thé thiy rang rung dong gay ra sy dich
chuyén ciia truc van chua duoc phan tich diy du. Do dé, can phai diéu tra chi tiét su
dich chuyén cua truc do mét can bang trong nghién ctiru dong luc hoc rotor.

Nhin téng thé, cac dic tinh mat can béng c6 thé anh huong manh mé dén su léch
tam, hiéu qua truyén dong cling nhu mic d6 rung dong cua truc. Cac thong sd mat
can bang trong tryc truyén dong c6 thé dan dén sy dich chuyén cua truc trong qua
trinh quay. Sy dich chuyén cia truc c6 thé dan dén moi, niit, hong va ma sat trong
toan bo hé thdng truc [44-52].

Vé @9 bén méi do tai thay doi:

Céac nhom nghién ciru vé 6 bén moi do thay ddi tai ddn dén tmg suat thay doi co
cac hudng nghién ctru chinh nhu sau:

A.Dj bén méi do thay doi tai don (single load): [53, 54]

Hakan GOKMESE [53] nghién ciru anh hudng ciia céc tai trong khac nhau dén
d6 bén moi cuia vat liéu thép 1040 sau khi thiét ké va ché tao thiét bi kiém tra d6 bén
moi quay. Trong nghién ciru ndy, thr nghiém méi duoc thuc hién dé xac dinh tudi

tho moi cua cac phﬁn tor may hoat dong dudi tai trong dong, dé xac dinh tinh chat moi
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ctia vat liéu kim loai va dé co duge duong cong S-N, thiét bi kiém tra moéi khi udn
quay da dugc thiét ké va ché tao. Gia tri tai thay doi c6 thé dugc ap dung cho mau,
trong khi téc d6 khong d6i duoc sir dung trong thiét bi thir nghiém sau khi thiét ké va
ché tao. Sau khi nghién ctru ché tao, nguoi ta da xac dinh dugc réng dd bén moi cla
vat liéu thép 1040 1a twong thich khi ting tai va s6 chu ky thdp. Cung véi thi nghiém
nay; nhom S. Mutasher ap dung cho vat liéu nhom [54].

B. Do bén méi do thay ddi tai da truc (multi loads): [55 - 57]

Fumio Ogawa [55] d4 phat trién mot may thir nghiém moi méi dé thuc hién cac
thir nghiém moi da truc chu ky cao & tan s 50 Hz, nham giam thoi gian thir nghiém.
May dugc phat trién c6 thé két hop tai trong udn + xodn va thyc hién cac thir nghiém
moi ¢ tan sb cao, trong cc diéu kién tai ty 1& va khong ty 18, trong d6 huéng tng sut
chinh thay doi trong mot chu ky. Trong nghién ctru nay, hiéu qua ciia may thir nghiém
da duoc xac minh bﬁng cach thyc hién cac thir nghiém trong céc diéu kién tai trén, sir
dung cac mau thir 12 thép can nong loai 490A va thép khong gi loai 304. Tudi tho moi
lién quan dén tai trong udn thu duoc bang cach sir dung may thir nghiém méi duoc
kéo dai hon mot chut so véi tudi tho thu dugc bang cach s dung may thir nghiém
moi thong thuong. Tudi tho moéi do két hop giita uén va xoan co thé so sanh véi tudi
tho thu dugc khi str dung may thir nghiém moi thong thudng, mic du di quan sat thiy
murc giam gidi han moi 1a 100 MPa so véi nghién ctru trudce day.

Nhom cua Aleksander Karolczuk, Jan Papuga, Thierry Palin-Luc [56] da cai tién
trong tinh toan tudi tho moi bang cach ap dung thay doi cac thong sé vat liéu phu
thudc vao tudi tho cho mot sb tiéu chi moi da truc. Khai niém nay phan anh su bién
d6i ctia cac co ché hu hong lién quan dén muc tai tic dung va ciing lién quan dén
mitc 46 déo khac nhau. Muc tiéu ctia nghién ctru nay 1a dé ching minh loi ich cua
viéc dua céac thong sb vat lieu phu thudc tudi tho vao tiéu chi moi da truc dua trén
g suat dé du doan tudi tho moi cia vat liéu. Két qua thuc nghiém méi cia cac bai
kiém tra d6 bén trén hop kim nhom 2124-T851 xac nhén lgi thé cua khai niém phu
thudc vao tudi tho trong danh gia tudi tho so voi khai niém c6 thong s trong luong

c0 dinh.
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Viéc dua céac thong s6 vat liéu phu thudc vao tudi tho vao tiéu chi do bén moi da
tryc mo rong kha niang tmg dung cta ching trong mot loat cac tudi tho moi theo cach
turong d6i don gian cho cac tng dung k§ thuat. Diéu nay c6 thé c6 tac dong to 16n dén
viéc danh gia dung thiét hai khi chiu tai trong bién do thay ddi, dai dién cho tai trong
thuc dugc ap dung trén cac bg phan.

Nhom Aleksander Karolczuk, Marek Stonski [57] d3 du doan tudi tho moéi véi
ude tinh x4c suét hong hoc cho cac vat li¢u chiu tai trong da truc 1a mot nhiém vy
quan trong trong thiét ké k¥ thuat vi né lam giam chi phi tai chinh bang cach loai bo
céc thir nghiém thuc nghiém dat tién. Do cac co ché hu hong phuc tap ctia hu hong
do moi, cac mo hinh dy bao tudi tho moi hién cé thudc loai thuc nghi¢m hodc ban
thyc nghiém va kha nang ing dung cia chung bi gidi han trong vi¢c xac nhan diéu
kién chat tai va vat liéu. Viéc lya chon mo hinh moi khong dung cach cé thé dan dén
dy doan tudi tho khong than trong véi hau qua tai chinh cao va tham khoc. Dé giai
quyét van dé nay, mot cach tiép can sang tao dua trén quy trinh Gaussian dé du doan
tudi tho moi duéi tai da truc duge trinh bay.

Céc tinh ning vén c6 cua quy trinh Gaussian trude khi img dung cta nd vao dy
doan tudi tho moi duéi tai da truc nhu mot cach tiép can khoa hoc va thuc té dé tranh
van dé trong vi¢c lya chon mé hinh moi tham sb ban thuc nghi¢m déy du. Mo hinh
da duoc xac nhan trén hai b dir li€u thuc nghiém thu dugc bﬁng thr nghiém moi cua
thép S355N va hgp kim nhom 2124 T851 dudi tai don truc va da truc. Trong qua
trinh dao tao mé hinh, chi dit liéu thu duoc theo tai tudn hoan don truc va xodn thuin
tiy méi duoc ap dung. Do dir liéu dau vao dua trén vat Iy duogc trién khai, co lién
quan dén cac thanh phan Gng suit tic dong 1én mit phang t6i han cua vét niit, md
hinh di du doan chinh x4c tudi tho moi cua hai vat liéu duoc thi nghi¢m bﬁng cach
thue hién ham hiép phuong sai sé mii binh phuong. Ngoai ra, tudi tho moi cling dugc
tinh toan bang cach sir dung bén tidu chi do bén moi tham s6 (mod hinh Crossland,
Matake, Carpinteri va cong su, va Papuga). Tuy nhién, do tinh chat da vo huéng phirc
tap ctia su tich tu hu hong do méi, viée ap dung cac phuong phap duoc dé xuat dé du

doén tudi tho bi gidi han trong vi¢c xac nhan chat tai va vat li¢u. Vi vay, lya chon mo
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hinh khéng pht hop din dén wéce tinh tudi tho khong bao toan. Dé tranh van dé lya
chon mé hinh, cac nd luc gan day di duoc thuc hién dé phat trién cac phuong phap
tiép can chung c6 thé ap dung & cac ché do moi chu ky thip va cao va da trén sy két
hop ctia cac thanh phan dan hoi va déo cla cac trang thai bién dang va Ung suét.

Pham vi hoat dong ctia cac mo hinh méi di biét nay ciing duoc mé rong bang
cach thay thé cac thong sb vat chat khong d6i cua ching bang cac thong s vat chat
phu thudc tudi tho. Tuy nhién, cac mo6 hinh nay dua trén cac ham dinh san dugc xéac
dinh va xac nhan cho céc diéu kién thu nghi¢m da cho, diéu nay han ché kha nang ap
dung cua ching. Vai tro va tinh ndng ctia cac churc nang nay dugc mo ta bén duoi.
> Cac mo hinh moi hién nay c6 hai dic diém chung:

Pau tién, ching dua trén cac thong sb vat liéu thu duoc tir cac thu nghiém don
truc va dugc biéu thi bﬁng cac duong cong bién dang - tudi tho hodc ung sudt - tudi
tho. Cac ham nay duoc sir dung dé hinh thanh méi quan hé gitra tai trong theo chu
ky: két qua tudi tho moi thong qua mot ham cua bién do bién dang hodc ung suét
(hodc gia tri 16n nhat) va sé chu ky gia tai dén khi hong.

Thar hai, cdc mé hinh nay, dudi trang thai img suat/bién dang da truc, sir dung
ham vo huéng dé giam trang thai ing suat/bién dang khong gian vé trang thai don
tryc trong duong. Ham v6 hudng nay str dung cac dai luong tng suat/bién dang khac
nhau (vi du: (mg suat bat bién, thanh phan tng suat/bién dang trén mat phang tdi han
va cac tham s6 dya trén nang luong), dugc tinh todn tir cdc thanh phan tensor ting
dan, tirc 14 bién do va gia tri trung binh hodc 16n nhat (d4nh gid chi tiét co thé duoc
tim thay [58].

Tuy nhién, cic cau hoi dang duogc dat ra vé su can thiét cta viée phat trién céac
mo hinh m&i trong gidi han ctia cac ham tham s6 ¢6 dinh.
> Nghién ctru tiép theo trinh bay mot danh gia vé cac tiéu chi hu hong do moi da

truc dua trén khai niém mat phéng to1 han.

Tiéu chi hu hong do méi da tryc theo thong sb trang thai tai ap dung c6 thé duge

chia thanh ba nhom, tirc 13 tiéu chi dua trén Gng suat, bién dang va ning luong.
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Trong sb cac tiéu chi ndy, c6 thé phan biét mot loai dugc goi la phuong phap tiép
cAn mit phang t6i han. TAm quan trong cua cach tiép cin nay da ting lén trong nhitng
nam qua, vi tinh hi€u qua va pham vi tng dung rong rai cua nd. Muc dich chung ctua
tiéu chi dua trén khai niém mat phang toi han 13 giam trang thai ung suit da truc
xudng trang thai don truc tuong duong.

C.Dung phé phan tich méi rung: — M.Decker [59]

Nhom phan tich méi rung thiét ké va kiém chimng c6 thé duge thyc hién bang mo
phong va thir nghiém. Di voi ca hai, tai thiét ké phai duoc mé ta theo cach thé hién
bién d6, sé chu ky va phan bd tan s cua tai hoat dong.

Pho dap g dugc trinh bay cho nhiém vu nay, khong mo ta ban than céc tin hiéu
dau vao, ma 1 cac phan Gng tiém ning ma tai c6 thé gy ra trong cau tric ao.

Tir phd phan Gng tham chiéu, tai dau vao twong dwong moi phi hop cho mé
phong va thir nghiém duoc suy ra véi sy tap trung cu thé vao mat dd phd cong suat
PSD. Qua trinh dugc mo ta va xac nhan ddi véi céac loai tai hoat dong khéac nhau va
cac ung dung c6 thé co ciia phd phan tng cho cac phan tich sau thir nghiém duoc hién
thi.

D.Dung tii tac dung két hop gy méi rung: [60 - 68]

M. da Fonte, L. Reis [60, 61] nghién ctru sy phat trién cua vét nit moi dudi tai
trong ubn quay trén hop kim nhém 7075-T6 va anh huéng ctia xoan 6n dinh. Két qua
cho théy xo04n 6n dinh 1am cham qua trinh nut.

Cung v6i do, nhém M. Freitas [62] cling nghién clru, phan tich anh hudng cia
xo0an 6n dinh dén sy khéi phat va phat trién vét nirt moi trén truc chiu uén quay, dac
biét trong diéu kién tai trong da truc. Két qua cho théiy x0dn 6n dinh anh huong 10 rét
dén su phat trién ctia ca vét nut nho va vét nut dai. Mot thong s6 méi dua trén bién
do cuong do bién dang hiéu dung da duogc dé xudt dé mo ta tot sy phat trién cua vét
nit nho trong diéu kién tai hdn hop. Phuong phép nay gitip du doan chinh xac hon
tudi tho moi cua truc trong thiét ké va bao tri.

Rubio va cong su [63] dd bao cdo rang tai trong tac dung két hop véi mét can

bang khéi lwong thuong xuyén, 1a mot trong nhimng ngudn rung dong truc pho bién
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nhét, c6 thé khoi tao va lan truyén cac vét nit moi. Theo nhom tac gia ciia Yongyao
[64] da nghién ctru hién turong mai ctia thanh piston trong tua bin Kaplan, do mé men
xodn ctia canh khong 6n dinh, khong can bang va khong dong bd. Ho két luan rang
céc phan gy cua thanh piston thé hién dic diém cua sy hong hoc méi do tai trong
xen k& dinh ky. Nguyén nhén c6 kha ning xay ra nht 1a tai trong ap sut khong 6n
dinh tac dong 1é€n cac canh.

Daging va cong su [65] dd bao cdo rang hién twong moi truc xay ra do mat cin
bang gitta tng suat udn va Gmg sudt xodn tai méi ndi cua khuyu tay han gia cb. Niu
va Yang [66] chi ra rang hanh vi rung dong phi tuyén tinh va su lan truyén vét nit
moi bi anh hudng dang ké bai nhiéu thong sd, bao gom téc do quay, do 1éch tam mat
can bang, goc dinh huéng va giam chan. Radgolchin va Anbarsooz [67] cling bao cdo
rang moi 1a ché d6 hong hoc pho bién nhét trong cac canh quat ly tim, do hoat dong
mat can béng tan s6 cao, 16 lép dit hodc cac bién thé trong diéu kién van hanh may
nén. Jiregna va cong su [68] néu rang do udn quay, cic vét nit moi bat dau trén bé
mat, dac biét 1a khi céac truc khuyu nho ra bi 1éch hoac mat can béng do hiéu trng ddi
trong. Do d6, thong sd mat can bang c6 tac dong dang ké dén hong hoc moi.

E. Phuwong phap Newmark-f

Phuong phap Newmark-pB, mot k¥ thuat tich hop s6 dugc sir dung rong rii trong
phan tich phan tt hitu han (FEM), dic biét hiéu qua dé mo phong cac hé thong dong.
Mot nghién ctru ciia Kong va cong su da sir dung phwong phap nay dé phan tich céc
dic diém dong cuia hé thong banh ring thing va banh ring xodn [69], trong khi mot
nghién ciru tiép theo tip trung vao anh hudéng cua do linh hoat ctia vé hop sé dén
dong luc truyén dong banh rang [70]. Ma va cic dong nghiép di ap dung mot phuwong
phap Newmark-p cai tién dé giai quyét dong luc hoc phi tuyén tinh va giam thiéu
rung dong xodn cua truc khuyu [71]. Sau d6, mot phién ban nang cao ctia phuong
phap nay da duoc dé xuat cho cac mo phong dai han [72], cung cap kha ning hoi tu
dugc cai thién trong viéc danh gia cac tic dong ciia tinh phi tuyén tinh dén hanh vi

xoan cua truc khuyu dong co.
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2.4.2 Tong quan céc cong trinh nghién ciru tai Viét Nam

A. Vé dao ddng do mét can bang, mét s6 nhdm nghién ciru dao dong dién

hinh bao gom:

1. Ngb Kiéu Nhi, Thiét ké ché tao mdy cin bang, PHBK Tp.HCM, 2000 [73].

- Dbi twong nghién ctru: rotor tryc cing

- Phuong phap st dung: phuwong phap hé sé anh huéng ICM

- Yéucau phai chay thir nghiém nhiéu lan >3 lén) dé tim dugc hé sb anh huong

chinh xac = phu thudc rat 16n vao diéu kién thir nghiém.

2. Nguyén Van Khang, Tran Van Luong, Nghién ciru cdn bang dong rotor truc mém,
LVTS, bHBK Ha No¢i, 2000 [74].

- Pbi twong nghién ctru: rotor truc mém

- Xay dyng duoc md hinh toan giai tich sé.

- M5 hinh don gian; thiéu giam chan; sai s6 1on.
3. Lé Pinh Tuan, Thuc nghiém cdn bang tiy déng vmg dung cho monorotor Ién,
DHBK Tp.HCM, Dé tai NCKH cap Bo, 2005 [75].

- Pbi tuong nghién ctiru: Monorotor 16n

- Két qua dat duoc: thyc nghiém cho rotor 16n v6i kha nang tiy dong.

- Luong can bang du chua dugc kiém ching
4. Nguyén Tuén Kiét, Ma Vin Viét, Cdin bcing rotor truc mém, LVThS, DHBK
Tp.HCM 2005, [76].

- Pbi twong nghién ctru: rotor truc mém

- Po ludng thyc té cho rotor truc mém.

- Phuc vu cho mé hinh trong phong thi nghiém, thiéu danh gi sai sé.
5. Pham Huy Hoang, Nghién citu can bang déng rotor truc mém, DPHBK Tp.HCM,
Dé tai NCKH cap Truong, 2012, [77].

- Pbi twong nghién ctru: rotor truc mém

- Xay dung mé hinh toan cho rotor truc mém.

- M0 hinh thi nghiém don gian.
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B. Nghién ciru vé hién twong méi:

e V& nhom nghién ciru lién quan dén do bén moi cua thép C45 trude va sau qua
trinh t6i cing. Nhom nghién ctru gdbm Truong Chi Céng, Nguyén Vin Thing,
Tran Thi Thu Thily va Nyianou Blongher tir Khoa Co khi — Trudng Pai hoc Cong
nghiép Ha Noi [78] da tién hanh danh gia kha ning chiu moi cua thép C45 dang
truc trudce va sau xu Iy nhiét té1 cung. Thir nghiém dugc tién hanh trén thiét bi st
dung nguyén 1y udn hai diém nham xéc lap dic tuyén moi cia vat lidu trong ca
hai trang thai. Céc két qua thu duoc dd dugc phan tich nham 1am 13 su thay doi
tinh chat moi cta thép sau xt 1y, tir 46 cung cap co sé tham khao hiru ich cho cac
k¥ su trong viéc xac dinh chinh xac gidi han moi cua thép C45 khi tng dung vao
thiét ké co khi st dung loai vat liéu nay.

e Nghién ctru ciia nhém Nguyén Vinh Phéi — Truong Pai hoc Su pham K§ thuat
TP.HCM [17]

Nhom nghién ctru do Nguyén Vinh Phéi dimg dau da tién hanh khao sat tic dong
ctia 16p phu bé mat ddi voi dd bén moi cua cac chi tiét may dang truc, trong d6
thép C45 dugc su dung lam vat liéu nén. Qua trinh thtr nghiém dugc thuc hién
trén thiét bi 4p dung nguyén 1y uén bén diém nham danh gia su thay doi tinh chat
moi do 16p phu gay ra.

2.5 Cac khoang trong va dinh huéng nghién ciru

Qua khao sat cac cong trinh nghién clru trong va ngoai nudc, ta ¢ thé két luan

mot sb van dé sau:

Pay 1a linh vuc nghién ctru d va dang duoc nghién ctru rit nhiéu boi cac chuyén

gia trong va ngoai nudc.

Nhu cau thi nghiém moi cac chi tiét may trong nganh co khi, giao thong van tai

& Viét Nam 1a rat 1on. Cac két qua thi nghiém moi s& dong gop dang ké trong cong
nghé ché tao co khi, van hanh va bao tri may moéc trong nudc: giam tiéu hao ning
luong bang cach thiét ké ti uu chi tiét may dé giam tai trong va udc tinh duge tudi

bén moi trong van dé van hanh, bao tri thiét bi.
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Théng qua phén tich cac tai liéu nghién ctru ¢ thé nhan thiy ring, cic nha khoa
hoc di trién khai nhiéu phuong phap khac nhau nham giam thiéu dao dong gay ra baoi
hién twong mét cin bang, trong d6 phan 16n tap trung vao viéc danh gia anh huéng
clia mét cAn bang dén hai gbi da.

Bén canh d6, nhiéu nhém nghién ctru ciing di tién hanh khao sat do bén moi cua
cac chi tiét quay bang cach thay d6i dang tai trong tac dong, chang han nhu tai don
truc hodc tai da truc.

Két qua khao sat tai liéu cho thdy van chua c6 cong trinh nao tip trung phan tich
tac dong cua cc yéu t6 gy mat can bang dén kha niang chiu moi cta co ciu quay. Vi
trong thuc té, cac rotor trude khi van hanh déu duoc can bang va trong qué trinh van
hanh déu c6 ké hoach bao tri (vé cin bing); ngoai ra 1 sb co cAu quay quan trong/thiét
yéu can gan thiét bi giam sat tinh trang tryc tuyén (Online Condition Monitoring-
OCM). Yéu cau dit ra ltic nay 1a nghién ciru s& tap trung phén tich tic dong cta céac
yéu t6 gdy mat can bang dén kha ning chju moi ciia co ciu quay, nhimng co cdu khong
thé can bﬁng khi van hanh hodc khi van hanh bi mat can bﬁng do su tai phan bd clu
trac, do déng nhat vat liéu ... Vi du dién hinh nhu céc truc truyén dong trong hop 30,
hop toc do...

Do d6, viéc nghién ctru va phan tich cic yéu t6 anh huong cta hién twong mat
can bang dén d6 bén moi cua rotor 14 hét strc can thiét. Tinh cap thiét cuia van dé cang
duoc nhdn manh bai thuc té rﬁng hién nay tai Viét Nam van chua cé cong trinh ndo
nghién ctru chuyén sau vé anh hudng ctia mit cin bang dén kha ning chiu moi ca

truc quay duoc ché tao tir thép C45.
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Chwong 3. MO HINH HOA PONG LUC HQC

HE THONG ROTOR

3.1X4ay dung mé6 hinh toan
3.1.1 Dé xuéAt mé hinh

May cong cu, hop ) thuong co nhiéu cum truc — banh rang hoat dong & tdc do
kha cao nén thudng gay ra tiéng 6n va rung dong. Mot trong cac 1y do d6 13 do cac
chi tiét quay bi 1éch tam, khong can bang gay nén. Hoat dong lau dai trong tinh trang
trén s& gay ra tinh trang hu hong do pha huy mai... Pé ¢ thé du doan kha ning moi

clia ctia cum chi tiét truc — banh ring ta xét hop toc do nhu Hinh 3.1,

Hinh 3.1 Cum truc — banh ring trong hop toc do
Tu Hinh 3.1 ta théy, cum truc — banh rang thuong cé két cu nhu sau:
- Truc gbi dau 1én 2 6 d& ¢ 2 bén (1, 5).
- Banh rang (2, 4) lap trén tryc 3.
Tir d6; d6i twong nghién ctu 12 truc truyén dong mang cip banh ring an khép
dugc d& bai gbi do tai hai dau; trong thuc té khi an khop banh riang sé& xuat hién

cac lyc tac dong nhu mé ta ¢ Hinh 3.2.
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Hinh 3.2 Phan tich cac luc tac dung Ién truc quay

Trong dé: F,, luc huéng kinh va Fy, Ia luc tiép tuyén tai diém khao sat thi i.
3.1.2 X4y dung mo hinh
Tur két cdu ciia Hinh 3.2, ta phac thao mé hinh truc — banh rang nhu Hinh 3.3:

/f f L

2
= == tg) = =1

————————"
I
|

———— e —

7
T E = = 2 n-1 n
7 )) ! 77
D
| |
| |
| |
| |
| |
L_ J
L L, L L, Ln Lo

Hinh 3.3 M6 hinh phac thao cia hé thong truc quay — nhiéu dia.
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Ta c6 chuyén vi tong quat tai 1 diém trén moé hinh la:
q; =[x,y ai]”
Véii=1, ...,n

Trong do:

Vecto chuyén vi theo phuong x, y, goc xodn a tai cac vi tri khao sat 1a:

x; = [x]";
yi = [yl
ap = [Oli]T:

Véi:
x;: chuyén vi ngang tai diém i cia truc;
y;: chuyén vi dung tai diém i cua truc;
a;: gbe xodn tai diém i cua truc;

Phuong trinh xac dinh goc quay cta hé thong 1a:

®l(t) = Qq; + (Uit + Q)Oi
Trong do:

+ @;(t): gbc quay tai vi tri i theo thoi gian t;
+ @o,: goc pha ban dau tai vi tri i;
+ a;: gbc x0dn tai vi tri i
+ w;: van tde goc tai vi tri i;
Pong nang cua hé luc nay [79,80]:
T=T,+T,

Trong do: , ’
+ Tt - DPong nang do chuyén dong tinh tién tao ra.

+ Tr- Pong niang do chuyén dong xoay tao ra.
Khi do6:
1,. o 1. . 1., ,
T =T, +T, = 2@ M0 + 2 G MO + 2 (@ U1}
Voi:

+ [Mc] : ma tran khéi luong tai cac diém khao sat.
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+ [Je] : ma trdn moment quan tinh tai cac diém khao sat.

Thé ning dan hdi cia hé:
V. = LT IR0 + 208K, [0 + 2 e K@) (3.6)
Trong do:

—k, ... k,_,: d0 cing chdng udn tai cac diém khao sat trén hé.

— ky, k,,: d0 ctng tai vi tri gbi d&.
Hé sb tit dan ¢ dugc xac dinh:

C C

AN

Trong d6: Cr: giam chan téi han

(3.7)

Tuong tu; ta c6 phuong trinh ndng lugng ti€u tan cua h¢:
1, S R oy L .
D = 2[17[CIEH + 2 (317[¢, ]} + S 1@ [, (3.8)
Phuong trinh Lagrange loai 2 cho hé thong dwogc thé hién [81 - 83]:
d(aT) 6T+6D+6V
dt\o{q;}/ olq;} 0{q;} 09{q:}

Fi: luc suy rong trng vadi bac tu do thiri (i: 1 +n)

Phuong trinh vi phan chuyén dong cia rotor lac nay [84, 85]:

[MI{G} + [Cl{q} + [Kl{q} = {F} (3.10)
Trong do:
+ [M] : Ma tran khoi luong ctia hé
+ [C] : Ma trdn giam chan
+ [K] : Ma tran 46 cing
+ {q} : Vécto chuyén vi bao gdm cac chuyén vi x, y va goc xoan.

+ {Fi} : Vécto ngoai luc

Voi:
MC 0 0 Cx O 0 Kx O O

[M] = [ 0 M, 0]; [c]=|0 C Of [K]=|0 K, O (3.11)
0o 0 /. 0 0 G 0 0 K

36



3.1.3 Dé xuit thong so thiét ké mé hinh

Viéc dénh gia d6 bén moi clia vat liéu kim loai c6 thé thuc hién dua trén céc tiéu
chuén qudc t& phd bién nhu ISME S002, ASTM E739 va ISO 1143:2010. Trong sb
d6, tiéu chuan ISO 1143:2010 duoc ap dung rong rai hon ca va co tinh tuwong thich
cao voi tiéu chuan qubc gia TCVN [86].

Tiéu chuan ISO 1143:2010 mo ta chi tiét cac phuong phap thir nghiém moi bang
ubn, bao gém: uén mot diém, udn hai diém va ubn bén diém. Cac phuong phap nay
déu co thé ap dung cho hai loai miu khac nhau (xem Hinh 3.4): mau dang tru (a, b,
¢) va mau dang yén ngua (d, e, f).Trong nghién ctru ndy; tai tac dong 1a tai c6 chu ky
bat d6i xtng do vay dé xuat mau thi nghiém phu hop 1a miu dang c: Gng suét tap

trung tai viing c6 tiét dién nho va co ché pha hity moi do tai c6 chu ky cao.

2

“ o | Zelt tl o It

Hinh 3.4 Cac dang mau sir dung trong thir nghiém do bén moi theo
tiéu chuan ISO 1143:2010.

Pé xuit cym tryc - banh ring voi 2 banh ring lap trén tryc nhu Hinh 3.1 ¢6 mo

hinh 1y twéng nhu ¢ Hinh 3.5.
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L Ln

F;,

Ln+1

Hinh 3.5 M6 hinh hoa cum tryc — banh rang véi 2 banh rang

Theo tiéu chuan ISO 1143 — 2010 vé truc mau & Hinh 3.4 va két hop mo hinh ¢
Hinh 3.5, ta d¢ xudt cum truc — banh ring nghién ctru d6 bén moi nhu Hinh 3.6. Trong
Hinh 3.6, mo hinh khao sat chi xem xét 1 luc tac dong vao dia do 1a luc F theo phuong

huéng tam, luc tiép tuyén Fr duoc bo qua dé tap trung phén tich anh huong cua luc li

tam dén trng xur cua h¢ thong.

Fy

Hinh 3.6 Céac diém khao st trén rotor: a) M6 hinh phan tir truc véi 2 dia

b) Mat cat ngang thé hién vi tri khoi 1éch tAm

Céc gia thiét:
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+  Truc la mdt thanh dan hdi tiét dién tron déu c6 mé dun dan hdi E, mé dun truot
G, tiét dién A(z) (thay doi theo z), md men quan tinh I(z), mé men cuc lp(2) V6i
0 <z < L :toado doc truc. Truc c6 thé bién dang udn va xodn véi diéu kién bién
hai dau 1a: chuyén vi va goc xoay = 0.

+ Cap banh rang 13 2 dia ctng, khong bién dang, duoc xem 1a khéi luong tap
trung va mo men quan tinh tai cac vi tri xac dinh sinh ra lyc 1éch tam F, (t). Dia 1 tai
z = z,, khéi lugng my, 1éch tdm 1y, pha a;. Pia 2 tai z = z,, khéi luong m,, léch
tdm r,, pha a,. Hai dia cung toc do gbc quay so voi truc. (véi 0 < z; < z, < L).

Vi hé théng truc quay la mot hé lién tuc theo khéng gian, nén ap dung cac
phuong phap giai s6 dé roi rac hda thanh hé nhiéu bac tu do. Qué trinh nay cho phép
biéu dién hé lién tuc bang mot hé nhiéu bac tu do (multi DOF system). Tir thiét ké
néu trén, Hinh 3.7 dé xuat khao sat 7 diém dic trung doc theo truc quay, bao gdm:

- Piém 1 va diém 7: vi tri 2 gbi dd.

- Piém 2 va diém 6: vi tri gin cac dia — noi tap trung khéi luong va moment
quan tinh.

- Piém 3 va diém 5: vi tri co tiét dién 16n nhét trén truc - anh huong dén phan
bb d6 cung va rung dong.

- Diém 4: vi tri c6 tiét dién nho nhat, 1 noi chiu ung suét cao nhat — vi tri khao
sat d0 bén moi cla truc.

Xay dyng mé hinh vat 1y tir mé hinh thuc té & Hinh 3.6; ta c6 [87, 88]:

Y my IEE iy 3 Z ny s g g f i Tg’/
0 a
X kne k;}/{ k‘;:;g{ ky €4 ff_a:;g{ k@,;é/{ ks, c;

Hinh 3.7 M6 hinh vat 1y truc va 2 dia
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Giai bai toan trén:
Theo cong thirc (3.1) ta c6 chuyén vi X, Y, gbc xo0dn a trong trudng hop nay:
q; =[x, yo 1"
Trong d6, chuyén vi theo phuong X, Y va gdc xoan tai cac vi tri khao sat theo (3.2):

— T
X = [x1; X2,X3, X4, X5, Xg, x7]

_ T
Vi = Y1, Y2, Y3, Y4 V5, Y6, V7]
ai = [all aZI a3; a4l aS; a6; a7]T
Véii=1=+7;

Vi {xi =X, 0T X; = X\, + €,CO0SP,

Yi=Yn 0T Y; = Yy + €pCoSPp,

Trong do:

n=135"7; m=2,46

em : d6 1éch tAm tai diém khao sat m (m = 2, 4, 6) phat sinh do sai s6 lap ghép giita

truc va dia tai cac nat 2 va 6;

Luc nay ta c6 chuyén vi:

X1 1 i Y1
X, + e,c05¢@, YV, + e,8ing,
X3 V3
X; = |X4 + €408, ; y; = | Vs + eysing, | ;
Xs Vs
Xg + €6COSPg Ve T €6SiNnQg
X7 . L Y7
Van tde:
[ X1 ] [ V1
Xy — €20,5inQ, Vo + e,0,c05¢,
X3 V3
Xi = | X4 — €404SINQ, | | Vi =|Va T €404C08¢Q,
Xs Vs
Xe — €6PeSINQPg Ve T €6P6COSPg
% L
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Van toc goc:

w, + a,
Wy + ay
we + g

‘Pj:

Dong nang cua h¢ luc nay:
T=T,+T,
Khi d6 cong thire (3.5) trd thanh:
1., . . vy L. .
T = (T IMCES + S 03 MG + 5 (9 U (9)

Voéi:

ul
S O O O OO

,_|

IS

.

I

I !
O O O O OO »—\E
S O O OO NS o
S O O O 3 o O
o O O § o O O
o O 3 oS O O O
o 3 O O O OO

1, + mye? 0 0
[Ic] = 0 ]4 0
0 0 Jg+ mgel

Jc: Moment quén tinh tinh ddi vai cac diém khao sat 2, 4, 6:

Theo cong thirc (3.6) thé ning dan hoi cua hé:

Ve =~ (IR} + 037K, [0 + 5 (@) [Ke D {e)
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K, =K,

[(ky + ky) -k, 0 0 0 0 07
-k, (ky + k3) —k; 0 0 0 0
0 —k; (ks + ky) —k, 0 0 0
= 0 0 —k, (ky + ks) —ks 0 0
0 0 0 —ks (ks + k¢) —kg 0
0 0 0 0 —kg (k¢ +k;) O
0 0 0 0 0 0 k|
Trong do:

—ky, k3, kg, ks, kg: d0 cing chéng udn
— ky, k,: d6 clng tai vi tri gbi d&

by = 3 NZEL LGB 3B 36
2B (L) o e
Luc nay; tir md hinh vat Iy & Hinh 3.7; ta khao sat doan truc quan trong tir diém
2 dén diém 6.
Tir Hinh 3.6, khao sat cac lyc va cham sinh ra do tiép xuc giita truc quay va vong

trong; xuat hién hién tuong co xat_va cham (rub_impact) nhu Hinh 3.8 [89]

y y

Hinh 3.8 M6 hinh twong tac truc - 6 d& tai diém khao sat 1 va diém 7:
a) Léch tam gitra truc va 6 do. b) Va cham tiép xdc giira truc va 6 d
Nhu vdy; trong bai toan nay; truc quay bi xoin (v6 cung bé) do cac luc xuat hién

tai diém 1 va diém 7 giy ra trén mo hinh.
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V& gbc xoay, ta tip trung khao sat doan truc giira 2 dia: tir diém 2 dén diém 6.
Tai day; xem goc x0dn tai vi tri nit 3 va nat 5 1a vo cung bé: a3z = as = 0; 3 vi tri con

lai Iuc nay can khao sat 1a diém 2, diém 4 va diém 6.

aj = [a, a, ag]” Voi j=2,4,6.

Hinh 3.9 M6 hinh héa doan truc khao st bi xoén tir diém 2 dén dén 6

- Luc nay, thé nang dan hoi cia mé Hinh 3.9:

1 1 1
V= Ektzag + >k, (az — a,)? + ke (ay — ag)? (3.12)

Pao ham:

av

a_cxz = ktzaz + kt4 (ay — ay)

av

8_a4 = _kt4(052 —a,)+ kt(,(aél — ag)

av

a_% = —ky, (ay — ag)

Do ciing chdng xoan cia truc:
ktz + kt4_ _kt4_ O
Kt = _kt4 kt4 + kt6 _kt
0 _kt kt

6

6 6

Véi:
Gl, Gl Gl

k, =—Lk =——P . = P
A AT A L My
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Trong do:
Glp: do cung chong xoan cua truc

- Nang lugng tiéu tan cua hé:

1. S O .
D = 1[A17[C16) + 2 176 ) + S (a7 6 (3.13)
Cy =0,
-_(Cl + Cz) _CZ 0 0 0 O O-
_CZ (CZ + C3) _C3 0 0 O O
0 —C3 (c5+cy) —C, 0 0 0
= 0 0 —Cy (cq +C3) —Cs 0 0
0 0 0 —Cs (cs + cg) —Cq 0
0 0 0 0 _C6 (CG + C7) 0
0 0 0 0 0 0 Cy
Luc nay; ta c6 nang luong tiéu tan cia giam chan trong Hinh 3.9:
1, . 1 . . 1 . .
D == ECtzaz + ECtZ (az - 6(4)2 + ECt3 (a4_ - a6)2 (314)
Khi d6, giam chin chong xoan lic nay:
Ctz + Ct4 _Ct4 0
Ct = _Ctz Ct4_ + Ct6 _Ct6
0 _Ct6 Ct6
Trong do:
Ce,; Ci,; Cp, la giam chan chdng xoan tai cac vi tri 2, 4, 6 nhu khao sat.
- Phuong trinh Lagrange loai 2 ctia hé thong lic nay:
L=T-V
d(@T) 6T+E)D+6V_F
dt\o{q;}) 0{q;} 0{q;} od{q}
Phuong trinh vi phan chuyén dong cta rotor lic nay (3.10):
[MI{g} + [C1{q} + [KHq} = {F} = {F,,} + {F,} + {Fn}  (3.15)
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Trong do:

+ [M]y7417 : Ma tran khéi luong cia hé

+

[Cl17x17 : Ma tran giam chan

+

[K]17517 : Ma tran d6 cung
+{q}1751 : Vécto chuyén vi bao gdbm cac chuyén vi X, y va goc xoay.
+ {F;}1751 : Vécto ngoai luc

_ = =

Fi=F4 + Fy + Fp,
Trong do:
- F,,;: Lyc do trong luong khéi diém i gay ra.
- F,;: Lyclitam do mat can bang.

- Ep,: Lyc tac dong ngoai

Véi:

[M] =

=

M, 0 0
[

C, 0
0 M, 0‘;[0]: 0 ¢, O0f
0 0 J, 0

o o
o o
N oo

S 3
N
S &
ogq

333
(2 B — N V)
Q Q @«
Cﬁjozﬁj

3
)}
Q

&
>

o3
Q
o

{P"gi} = {Fui} = Fuyz {Fmi} =

(3.16)

I
=NeNeNeNoNeNeX=R=]
!
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Phuong trinh (3.16) viét lai:

= m,e, (@3 cos cos ¢, + §, sinsing, )

Uy,
F, = mye,(@2 cos cos ¢, + $4 sinsing, )
Uy, 4% 4 4 4 4 4
F,. =mges(@Z cos cos o, + @ sinsing, )
Uy, 66\ %6 Pe 6 Pe
F,, = mye,(¢3sinsing, — @, coscos e, )
Uy, 2€2\ P2 P, — P2 @,

_ . 2 . . .o
Fuy4 = m464(<p4 sin sing, — @4 cos cos ¢, )

_ . 2 . . .o
Fuy6 = mée6(<p6 sin sin o, — Qg cos COS ¢, )
Fuw2 =m,e, (x2 sin sin ¢, — y, cos cos ¢, )
Fum = m4e4(x4 sin sin ¢, — Y, cos cos ¢, )

Fu% = m6e6(9€'6 sin sin ¢, — yg cos COS ¢, )
3.1.4 Phuong phap tinh toin
Str dung phuong phép phan tich theo budc thoi gian Beta — Newmark giai cho
phuong trinh (3.15) nhu sau:
[MI{G} + [CHa} + [K]{q} = {F} + (R} + ()
Cho biét: {q,},{q,},[M),(Cl,[K],{Fg},(F.},{Fn} AL, t,y,B

Tinh:
G = M7 (=[CH4:} — [K){ai} + {Fy} + (R} + {Fy)) (3.17)
( G4y = a4, +Atq, + (0,5 = DAL, + B, A% g,y = g, + (1 - P)ALG, +
YALg MG,y +Cq, +Kq = Fin (3.18)

Khai trién:

[M + CyAt + KBAt?]§iyq = Fipq — Clg; + (1 — y)AtG;] — Klq; + Atq; +

(0,5 — BIAt?G;] (3.19)
Viét lai phuong trinh (3.19) thanh:
[K1{d,1} = {Fis1) (3.20)

Trong do6: [R ] la ma tran d6 cung hi€u dung:

[K] = [M + CyAt + KBAt?]

46



{F 41} vector lyc hiéu dung dugc tinh nhu sau:
- . ) . 1 )
Fiy1 = Fyy — C|lg; + A —py)AtG;] — K [Qi + Atq; + (E - ,3) Atqu'”

Véi y, B: cac tham sé diéu chinh trong qué trinh xir Ii vong lap. Cho: y=0,5; p =
0,25; At = 0,01 : 6n dinh khong c6 diéu kién [90, 91]. Ta c¢6 luu do giai thuat nhu
Hinh 3.10.
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Nhap cac diéu kién bién va ban dau qqVva qo,
s0 budc thoi gian, kich thudc cua budc thoi
gian hoac gia so At va gia tri caay, p

Tinh toén gia téc ban dau
4 = (M} ({Fo} — [K1{qo})

Véi i=1, Tong s6 budc thoi gian.

Giai phuong trinh (3.18) cho q;,4, hoac la
giai phuong trinh [K]{§;41} = {Fi41}

Giai phuong trinh (3.19) va (3.20)
cho g1 Va 41

Dung

Xuat ra chuyén vi q;, van toc ¢;, va
gia toc §; v4i budc thoi gian |

Két thic

Hinh 3.10 Luu d6 giai thuat mo hinh toan
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3.2 Két qua tinh toan
3.2.1 Kich thwdéc va thdng sé tinh toan
> Khéi lwong twong dwong; dd cirng twong dwong: xem chi tiét tai Phu luc A
[92 - 94]
- Khéi luong twong duwong tai CAc nGt: m1; Mz; M3; Ma; Ms; Ms; M.
+ Ta c6 cong thic tinh khéi luong tai nat:
m; = Z ME + Z M,
k i#]
- Tinh khéi luong tai nGt i =1 (nat 1):

1 AL 5
m; = My; + My, +E(M13 + M) =(2+2+05(1+ 1))% = g,DAL

Bang 3.1 Két qua tinh khdi luong tap trung tai cac nat (g)

my m, ms my ms mg my,

13 28 67 30 67 28 13

- Do cung twong duong tai cac nut:

Ning luong bién dang ubn cua dam Euler-Bernoulli:
1t (A2
U=—=| EI d
2,];J ( dx? x

Dua trén nguyén 1y ning luong twong duong va phuong phap phan tir hitu han

FEM, ma tran do ctiing phan tir K duoc xay dung tir nang luong bién dang. Cong thic
tich phan xac dinh phan tir ma tran do cang Kij c6 dang:
EI ! 14 14
Ky =5 | Mm@z

Tuong ty; ta co két qua tinh d cimg tuong dwong trinh bay & Bang 3.2
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Bang 3.2 Két qua tinh toan d6 ctmg tuong duong tai cac nat (N/m)

ky k, ks k4 ks ke k;
4,7.10° 1,3.107 9,6.10° 9,6.10° 1,3.107 1,3.107 7,5.10°
- Giam chan tuong duong tai cac nit:
Tir cong thuc:
C =2&8/mk
Ta c6 két qua tinh giam chan nhu Bang 3.3.
Bang 3.3 Két qua tinh toan giam chan tai cac nit (Ns/m)
Cq c, C3 Cy Cg Ce Cy
20,9 34,8 17,5 17,5 34,8 20,9 20,9

> Ung suit tac dong tai vi tri nguy hiém:
Sau khi tinh duoc chuyén vi tai vi trf nguy hiém (diém 4); ta c6 mdi quan hé giira

chuyén vi va bién dang theo phwong X doc truc (1D):

= dq 3.21
£ = T (3.21)
T bién dang qua (ng suat:
o=E.¢ (3.22)

Nhu vay; ta c6 méi quan hé tir chuyén vi q = bién dang ¢ > ng suat o= chuyén

vi cang 16n thi bién dang cang 16n dan dén (ng suat tac dong cang lon [95].

Luc nay, tai diém 4; vi tri c6 ti€t dién nho nhat; ta ¢6 bai toan truc vira chiu udén vira

chiu xodn dugc trinh bay nhu Hinh 3.11 [96]:
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F,

4 4 s s 2
- w ’ l -

| i : : |

\ I I I
F1I a , b L, b L, a Fq
T ¢ ? y =

' | | |

| | | |

: | L | _1‘

| } i |

|

! \

. ® i |

(Q)
F S

l’iw (M)

I

Hinh 3.11 Biéu db luc cit va mo men udn trén truc tai nit 4.

—

Cong thirc tong quat cho bai toan truc chiu udn va xoin dong thoi:

Tmax:%:% /(Ub)2+4rz
=%\/[%{Mm+(2—j)1<f.m}r+4LT1; {T +( )KfsT}r
_ndg\/[M +( )foM] [T +( )KfST] (3.23)

Vi :
My, =0, M, =M;T,, =T;T, =0; 7, = 0,5.0y

Suy ra:
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Ty 0,5. cry 16
tmax T T RS T nde [0+(ae)Kf M] [T+( )Kfs 0]

- 2 ()] v

Trong do:

+  Tpae: UNQ SUAL tiép 16N nhét trong truc (Mpa)
+ d: duong kinh truc (m)
+ Kg: hé s tap trung (ng suat uén
+ Kpg: hé so tap trung ng suat xoan
+ 0y : gidi han chay (Mpa)
+ 0, : (g suat twong duong/ tng suat cho phép (Mpa)
+ M = My: md men udn thay doi theo chu ky (N.m)
+ M,,: md men udn trung binh (N.m)
+ T, = T: mb men xoan trung binh (N.m)
+ T, :mo men xoan thay doi theo chu ky (N.m)
+ Ty gi6i han chay khi cit (Mpa)
+ T, :ung suat cit cho phép (Mpa)
Ldc nay:

e Ung suét cat cuc dai:

T(Z) F
Tsmax S(Z) n-dZ
4
Trong do:
+ Tg, ... 0Ng suit tiép cuc dai (Mpa)

+ T(z): md men xoan tai tiét dién z (N.m)
+ S(z): md men chdng xoan tai tiét dién z (m°)

+ F: luc tac dung (N)
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e Ung suit xoin cuc dai tai vi tri khao sat (diém 4): tai diém khao sat, md men

x0an M = 0 (khong dang ké), do d6 (g suat xoan ldc nay:

T= . =0
Wi

Trong do:

+ 7:1ng suat xoan (Mpa)

+ M,: md men xoén tac dung (N.m)

+ W,: md men chdng xoin (m3)

e Ung suat kéo (Tension stress):

n
o) =22

Trong do:

+ o(2): ang suat kéo tai tiét dién z (Mpa)

+ F(2): luc kéo tac dung tai tiét dién z (N)

+ S(z): dién tich tiét dien ngang (m?)

e M6-men uén cuc dai:

wmay = F-Q

Trong do:

+ M, __:mdmen ubn cuc dai (N.m)

+ a: canh tay don (m)

e Ung suat uén cyc dai:

o — Mumax — Umax
e = T, =
32

Trong do:
+ oy, iNg suat uon cyc dai (Mpa)

+ W, md men chdng ubn (md)
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e Ung suit twong dwong cuc dai:

Ocq = \/(ab +o7)?+a. (12 +152) = \/(ab)z + a.(1,)?

Trong do:

+

+

+

+

+

Ocq - UNQ suit tuong duwong cuc dai (Mpa)

ob: ng suat uén (Mpa)

op: tng suat kéo (Mpa)

T4 Grng suat tiép (Mpa)

(3.24)

a: hé s6 hiéu chinh; véi tiéu chi Von Mises, @ = 3; vdi tiéu chi Tresca, a =

4.

> Kich thwoc tinh toan

Kich thudc ciia rotor dung dé khéo sat va nghién ctru duge dé xuat nhu Hinh 3.12

2 3 4 5 s
M12
\ 6 @10
8 45 40 35 35 40 45 .8 |
256

Hinh 3.12 Kich thudc truc va 2 dia.

- Cac diém can khao sat: 2,4, va 6

- Céc thong s can khao sét tai diém 4: chuyén vi: truc X; truc y va goc xoin a

Céc thong sb k§ thuat chinh rotor gdom:

- Khéi lwong: m = V.p (kg)

- Goc pha ban dau tai 2 diém khao sat: @,, @ (rad);
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Dbi voi G ta c¢6 d6 1éch tam cho phép e (n = 2000 v/ph) la:

_8_ Y 4osa0-
€= o 209 MR M

Theo [97] ta cO:

Giam chin tai gbi d&: C1, C7 (N.m/s)

Giam chén do truc bj udn: Ca, Cs, Ca, Cs, Cs (N.m/S)
Giam chin do truc xodn: Ct,, Ct,, Cr, (N.m.s/rad)

Hé s6 ma sat p tai 6 d: u;

E,s = uN = 0,002.10 = 0.02 N;

Khe hé 6 truc (chuyén vi tai gbi d&): emax (um) [98].
Téc d6 quay rotor (nz = 2000 vong/pht):

2mn_ 2.3,14.2000
60 60

Tuong tu ta co6: w,; = 84 rad/s (n1 =800 vong/phit); w, = 157 rad/s (n2 = 1500

w3 = 2nf = =209 rad/s

vong/phut) va ., = 313 rad/s (n.., = 3000 vong/phat);

Luc kich thich: luc li tim do thém khéi lugng thur; xung luc kich thich tao ra tu
luc nam cham: E, ,F,_, Fy,, Fy,

Ta c6 Bang 3.4 tong hop thong s6 k¥ thuat cua rotor khao sat nhu sau [99]
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Bang 3.4 Thong sb k§ thuat cua truc va dia

Théng s6 ky thuit Gia tri Pon vi
L Chiéu dai truc 0,256 m
li=1s “ 0,008 m
=17 “ 0,045 m
Is=1s “ 0,040 m
li=1s “ 0,035 m
dshaft Duong kinh truc 0,012 m
Duisk Duong kinh dia 0,1 m
B Bé day dia 0,02 m
027 Goc pha ban dau tai diém 2 0 rad
Ds Goc pha ban dau tai diém 6 0 rad
e, D¢ 1éch tam 4,7.10° m
e, D¢ 1éch tam 4,7.10° m
es D¢ léch tam 4,7.10° m
Emax Khe ho 6 truc 0,013.10°3 m
k1 Do clng go6i do dan hoi N/m
k7 « N/m
Kx “ 7.10° N/m
ky “ 7.10° N/m
Ko “ 1,7.10° N/m
ke, D0 cliing do truc X04an N.m/rad
ke, “ N.m/rad
ke, “ N.m/rad
Kr D6 clng cua truc 7.107 N/m
Kb Do cung ciia gbi d 7,2.10° N/m
Kt Do cung X04n cua truc 0 N.m/rad
C Giam chan gbi d& 20 N.s/m
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VI Hé sd ma sat 0,002
v Hé sb Poisson 0,3
Yol Trong lugng riéng 7,8.10° kg/m3
Mshaft Khoi luong truc 0,285 kg
Maisk Khoi lugng dia 0,2 kg
m Khéi lwong truc va dia (rotor) | 0,685 kg
mi=m7; [Khoi lugng nat 1 va nut 7 0,015 kg
mz=mes [Khdi lvong nit 2 va nat 6 0,035 kg
mz=ms [Khoi lugng nat 3 va nit 5 0,08 kg
m4 Khoi lwong niit 4 0,025 kg
g Gia toc trong trudng 9,81 m/s?
lp Moment quan tinh 2,5.107 m*
[ Moment quan tinh 1,2. 107 m*
E Modun dan hoi Young 2,1.101 N/m?
Gt Modun xoin 7,7.10%0 N/m?
Cx Giam chan tai goi d& 20 N.s/m
Cy Giam chan tai gbi d& 20 N.s/m
Ci Giam chan xoén cua truc 0 N.m.s/rad
®n Toc do quay 209 rad/s
Ne,  [T0cdo toi han tha 1 3009 vong/phat
R, =Rs [Bankinh dia 0,05 m
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3.2.2 Két qua mé phong
Két qua tinh toan bang matlab: chuyén vi tai truc X (Hinh 3.13) , chuyén vi tai
truc Y (Hinh 3.14) va gbc xoay tai diém 4 (Hinh 3.15) ¢ tc d6 2000 vong/phit (bd

qua anh hudéng cta gidm chan).

Chuyén vi tai diém x,

0.05 T T !
‘ : ‘ Chuyén vi tai diém x

Chuyén vi tai diém x4

| l i i
0 100 200 300 400 500 600
Thoi gian (s)

Hinh 3.13 Chuyén vi truc X tai diém 4

Chuyén vi tai diém y,
0l :

| —— Chuyénvitai diém y,

Chuyén vi tai diém Va

0.1 [ | l | |
0 100 200 300 400 500 600
Tho gian (s)

Hinh 3.14 Chuyén vi truc Y tai diém 4
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Goc xoay tai diém 2, 4,6

o 1205 |
g : :
% 41.95 | N\ '
; ‘ s ‘ |
><4185 o et s A0 4 -
8 ; } ! !
O s | | | | \
0 100 200 300 400 500 600
Thoi gian ()
Hinh 3.15 Géc xoay tai diém 2, diém 4 va diém 6
Bang 3.5 SO liéu tinh toan chuyén vi va goc xoay tai diém 4
Chuyén vi Chuyén vi Goc xoay | Goc xoay
Vi tri Gia tri
X (mm) Y (mm) (rad) Do)
i Min -0,045 -0,053 0,059 3,38°
biem 4
Max 0,042 0,065 -0,048 -2,75°
Panh gia:

Dua trén két qua tinh toan thu dugc, c6 thé nhan thiy rang cac thong sé dic trung

tai diém 4; bao gdm chuyén vi theo phuwong X, chuyén vi theo phuong Y va goc xoay;

dugc thé hién 6 trong Bang 3.5. Trong do, gia tri goc xoay tai diém 4 1a rat nho, nam

ngoai gidi han do luong cua cac thiét bi thuc nghi¢m hi¢n c6. Do do, trong pham vi

nghién ctru ndy, anh hudng cua gdc xoay tai diém 4 dugc xem 1a khong dang ké va

c6 thé bo qua. Viéc phén tich va danh gia dong hoc tai diém nay sé& tap trung vao hai

thong s6 chuyén vi tuyén tinh theo phuong X va phuong Y nham dam bao d6 chinh

xac va tinh thyuc tién cia mé hinh nghién ctru.
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Chuong 4. KET QUA PANH GIA DAO PONG TU

TiINH TOAN VA THUC NGHIEM

4.1 Thiét ké va ché tao may do dao dong
4.1.1 Thiét ké may do dao dong
Tir cac thong sd ki thuat ¢ chuong 3 va Bang 3.4, dé xuét thiét ké 1 may do dao

dong tdc do cao chuyén dung dé do chuyén vi tai truc X va chuyén vi tai truc Y thé
hién nhu Hinh 4.1 véi cac thong sb:

- Kich thude: 1200x800x800.

- Tbc d6 quay n: 0 - 6000 vong/phlt.

- Piéu chinh toc do: nhanh, vo cép.

- Do 6n dinh cao, it rung dong.

9 8 7 6 h) A4

Py —

Hinh 4.1 Két cdu 3D may do dao dong
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Céc thong sb chinh cua may duoc thiét ké bao gém:
1.Khung chinh - 2. Tu dién diéu khién- 3. Giao dién diéu khién - 4. Péng co- 5.
Encoder- 6. Cam bién Keyence do chuyén vi truc X - 7. Cam bién Keyence do chuyén
vi truc Y - 8. Rotor - 9. Cam Bién gia toc do rung - 10. Cam bién quang - 11. DAQ

e (Céc dic trung k¥ thuat chinh cta hé thong thiét bi sau khi ché tao:
- Dong co Spindle 3 pha 220VAC - 1,5 kW - 24000 vong/phdt;
- Bién tan Sinamic V20;

- B0 Encoder;

- DPuong kinh truc quay: 0,012 m;

- Chiéu dai tryc: 0,256 m;

- DPuong kinh dia quay: 0,1 m

- Chiéu day dia Bp = 0,02 m;

- Msnart = 0,285 Kg;

- Maisc = 0,2 kg;

- Optical sensor LK — G35;

- Cam bién do luc Erbessd Instruments.

- Khéi luong may: 50 kg;

- Kichthuécmay: L=1,25m; B=0,36 m; H=0,5m;

Thiét bj nay chu yéu duoc sir dung dé phan tich dao dong ngang — dang dao dong
phé bién cua truc quay — trong khi cac dang dao dong x0an va doc truc khong duoc
xét dén trong pham vi nghién ctru.

4.1.2 Cac by phan chinh cia may do dao dong

Trong nghién ctru nay, mot hé théng thi nghiém duoc thiét ké va ché tao nham
muc dich khao sat dao dong va danh gia hién twong mat can bang cua tryc quay trong
cac co cAu quay. Hé thong bao gdm céc thiét bi chuyén dung, cac cam bién do dao

dong va chuyén vi, ciing v6i phan mém hd tro thu thap va xir 1y dit lidu.
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Hinh 4.2 trinh bay thiét bi chuyén dung duoc st dung dé do dac va phan tich hién
tuong mét can bang trong hé théng quay. Thiét bi bao gdm: cam bién rung
(accelerometer), bo phat laser do toc do quay, gia d& cam bién tir tinh, bo thu nhan
tin hiéu dao dong (DAQ), va phan mém x 1y tin hiéu trén may tinh. Di liéu thu dugc
tir cac cam bién duoc truyén vé may tinh dé hién thi cac théng s6 nhu van toc rung,
bién d6 dao dong va pha, hd tro qua trinh chuin doan va cin bang dong.

Pé do chuyén vi cta truc trong qua trinh quay, cam bién dich chuyén khong tiép
xic LK-G35 (Keyence) duoc sir dung va bd tri nhu Hinh 4.3. Cam bién duoc gin ¢
dinh trén khung nhom dinh hinh, tach biét hoadn toan véi cac thiét bi khac dé tranh
nhiéu tin hiéu, cho phép do khoang cach véi do phan giai cao va toc do phan hoi
nhanh, dap tng tét yéu cau do dao dong trong thoi gian thuc. Vi tri lap dat duogc lua
chon tai khu vuc c6 bién d6 dao dong 16n, giup ghi nhan chinh xac cac thay ddi nho

trong chuyén vi ctia truc quay.

Hinh 4.2 Thiét bi chuyén dung do mét can bang duoc san xuét bai Erbessd Inst
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Hinh 4.3 So d6 b6 tri cam bién LK—G35 trong hé thdng

Cudi ciing, Hinh 4.4 trinh bay toan bd hé thong thiét bi thuc nghiém duoc st dung

dé do dao dong va khdo sat hién tugng mét can b@fmg cua tryc quay. Hé théng duoc

lap dat hoan chinh véi cac thanh phan chinh nhu sau:

1.

Khung may: 1a két cau gia d& chinh, dugc ché tao bang thép hinh, dam bao

d6 clmg virng can thiét dé giam thiéu rung dong khong mong mubn.

. Cam bién quang hoc (Optical Sensor): dugc sir dung dé phat hién vi tri goc

pha va téc do quay.

. Cam bién gia toc (Acceleration Sensor): gin truc tiép 1én khung bé d& gan 6

truc dé do bién d¢ va tan s6 dao dong phat sinh trong qua trinh van hanh.

. Rotor: 1a miu quay, dong vai trd mé phong truc quay thuc té trong céc Gmg

dung cong nghiép.

. Motor: cung cip chuyén dong quay cho rotor voi kha ning diéu chinh toc do

linh hoat.
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6. Encoder: thiét bi do tbc do va vi tri gbc pha cua rotor

7. Cam bién Keyence (Laser Sensor LK-G35): dung dé do chuyén vi vi mo
khong tiép xuc trén bé mit truc quay voi do phéan giai cao.

8. DAQ (Data Acquisition — Bo thu thap dir li¢u): thu nhan tin hiéu tir cac cam
bién va truyén vé may tinh.

9. May tinh: thiét bi xtr Iy va hién thi dit liéu do.

Hé théng nay cho phép thu thap va xir 1i dir liéu dao dong trong diéu kién thuc

nghiém khac nhau - tir d6 danh gia anh hudng ctua mat can bang dong va cac yéu tb

lién quan.
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1.Khung may — 2. Optical Sensor — 3. Acceleration Sensor — 4.Rotor — 5.Motor — 6.
Encoder —7. Keyence Sensor — 8.DAQ — 9.May tinh

Hinh 4.4 Thiét b thuc nghiém do dao dong
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4.2 Cac yéu to anh huéng
4.2.1 Anh hwéng do toc dd quay (Tdc dd téi han — Critical speed)
Khi rotor hoat dong gan véi téc do téi han 1 (mode 1), hinh dang dao dong cua

no s€ twong tng voi md phong trinh bay trong Hinh 4.5

[ Fal

Ym:

Hinh 4.5 Hinh dang dao dong cua rotor tai ché d6 téi han 1 (mode 1)
Trong truong hop bé qua anh hudng cia hé s6 giam chan ¢, tdc do téi han bac

mot ¢ thé duge xac dinh theo cong thire [2]:

k E.A 2,1.10%1,3,14.0.012
Wep, = |— = = =313 rad/s

m Lm 4.0,256.0,680

Trong d6: k: @6 cung rotor; m: khdi luong rotor; L: chiéu dai truc; A: tiét dién truc
Luc nay, gi tri toc d6 quay cua rotor twong tng la:

60.w; 60.313

M =T T 23,14

= 3000 vong/phut

Nhiam dam bao rotor trong mo hinh hoat dong mdt cach on dinh va phu hop véi
cac dai tdc do quay thuc té thuong gap trong thiét bi co khi, cac muc tde d6 duoc lua
chon cho thi nghiém bao gdm: n1=800 vong/phut, n2 = 1500 vong/phut va nz = 2000
vong/phiit. Luu ¥ rang toc d6 n3= 2000 vong/phit nho hon 70% cia Ner,, tUC 12 van
nam dudi nguong tdc d6 t6i han [4, 5]. Cac két qua thu dugc tir qua trinh do dac thyc
nghiém tai 3 tbc do nay cho théy rotor van hanh 6n dinh, diéu nay dugc thé hién rd

trong Bang 4.1 va Hinh 4.6.
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iém (Bang 4.1) cho thay két

Tir két qua tinh toan (Bang 3.5) dén két qua thuc nghi

Nhan xé&t:

qua tinh toan va két qua thyc nghi¢m tai chuyén vi truc X 1a tin cdy.
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Sai sb tuong dbi tai chuyén vi truc X (n = 2000 vong/phut) 1a:
0,046 — 0,043
~ 0,046
4.2.2 Anh huéng do mit cin bang

= 6%

Duya trén tiéu chuan ISO 1940/1 — 2013 vé giéi han mat can bang, khdi lugng thir
Meriat va d6 1éch tAm cho phép e tuwong tmg véi cac cap d6 can bang G1, G2.5, G6.3,
G16 va G40 da dugc xac dinh thong qua tinh toan [1].

Déi v6i G1, do 1éch tim cho phép emin (N3 = 2000 vong/pht) 1a:

Gl 1
Cmin = o =509 = 4,7.1073 mm

Tuong tu; d6i voi G40; do 1éch tam cho phép 16n nhat emax (N1 = 800 vong/phtt)

la:

G40 40
Cmax = (1)_ = Q = 0,47 mm
1

Trong do, ddi véi cép do G16, khoi luong thtr Mirial dugc tinh tai tde do quay thép
nhat 1a ny = 800 vong/phiit dugc xac dinh nhu sau:
k.9,54.G16. My o10r

Meriar = T =2061g
1-

Do d6, cac gia tri khoi luong thir duoc lua chon l1an Iuot 1a 10g, 20g va 30g; ap
dung cho cac murc toc do quay di dugc dé xuit trude d6. Két qua thu thap tir qua trinh

do duogc trinh bay trong Hinh 4.7.

Trwong hop I: Thiét 1ap khéi luong thir dit ddi ximg ( vi tri 09— 0°)
Céc s liéu vé lugng mat can bang cta rotor tai vi tri 0° — 0°, twrong Gng véi timg

murc tai khac nhau, dugc trinh bay trong Bang 4.2

Bang 4.2 Gia tri mat can bang ghi nhan khi thir nghiém tai vi tri 0° — 0°

Khéi lwgng thir Téc dd G=epow
TT . .
(gram) (vong/phut) (mm/s)
1 800 0,58
0
2 1500 1,12
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+ | Khoilwgng thir Tée do. G=¢eno

(gram) (vong/phat) (mm/s)
3 2000 1,34
4 800 0,9
5 10 1500 4,9
6 2000 20,5
7 800 1,1
8 20 1500 9,4
9 2000 32,8
10 800 2,2
11 30 1500 14,3
12 2000 41,1

Hinh 4.7 trinh bay giao dién phan mém do va phan tich mat can bang do hing
Erbessd - Instruments phat trién. Phan mém duoc thiét ké dé phuc vu cho céc tmg

dung giam sat va can bang dong truc quay trong moi trudng cong nghiép.

Giao dién tich hop dong thoi nhidu cong cu phan tich,bao gdm céac biéu do pha —
bién d6 (polar plots) tai cic mit phang do, dang song thoi gian (time waveform) hién
thi tin hiéu rung dong theo thoi gian thuc, pho tan sé (frequency spectrum) xac dinh
cac thanh phan dao dong dic trung trong mién tan sd. Bén canh do, cac thong sé rung
dong dic trung nhu gia tri RMS, bién d6 cuc dai (Max), va tc do quay (Tachometer)
duoc hién thi rd rang. Pay 1 cong cu hd tro truc quan qué trinh can bang dong rotor,
cho phép danh gia chinh x4c tinh trang mat can bang (G) va xac dinh khéi lugng hiéu

chinh can thiét tai trng mit phang.
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Hinh 4.7 Giao dién do mét can bang trén 2 mit phang tai vi tri 0° — 0% myiar = 30g.
Tai vi tri 0° — 0°; thtr nghiém vé6i khéi luong thir Muial = 20g; twong Gmg véi cac
tdc d6 n1, N2, N3 ta duge két qua nhu sau:

Bang 4.3 Két qua do chuyén vi tai nat 4 v6i Myia = 20g; & toe do 800, 1500 va 2000
vong/phat.

STT Téc dd Mitrial Chuyén vi tai x4
(rpm) (grams) (mm)
1 800 20 + 0,055
2 1500 20 +0,073
3 2000 20 + 0,098

Tuong tng ta co két qua do chuyén vi tai diém 4:
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Hinh 4.8 Chuyén vi theo phuong X ctia nit 4 v6i Myia = 20g & toe do 800, 1500 va
2000 vong/phat
Panh gia:

Tir Hinh 4.8 va Bang 4.3 thé hién su thay ddi ctia chuyén vi theo phuong ngang
(truc X) tai nut 4 & cac tbe do van hanh khac nhau. Tai tde dd quay nz = 2000
vong/phiit, dao dong cua rotor trong trang thai mat can bang dat gia tri 16n nhat, véi
chuyén vi do tai diém 4 theo truc X do duoc 1a + 0,098.

Trwong hop 2: B6 tri khdi luong thir 1éch pha (vi tri 09— 90%; 0° — 180°)

Khi thay d6i vi tri gan tai thir ban dau, vi tri lac nay 0° — 90% 0° — 180° (tirc 1a

didu chinh goc pha), cac thong sé mat can bang thu dugc duoc trinh bay dudi day

[100].
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Bang 4.4 Két qua thi nghiém khi gin tai thir Myial tai 0° — 0%; 0% — 90°, 0° — 180°

STT Vi tri Khéi lwgng thir \Tf')c do G=enow

dit Meria (9) (vong/phat) (mm/s)
1 00— Q° 2000 20,5
2 0°-90° 10 2000 14,3
3 00— 180° 2000 2,6
4 00— QP 2000 32,8
5 0°-90° 20 2000 28,7
6 0°— 180° 2000 3,7
7 0°—Q° 2000 41,1
8 0°—90° 30 2000 35,4
9 0° - 180° 2000 4,2

Bang 4.5 Két qua do tai diém 4 véi vi tri tai khac nhau; Myia=20g, n = 2000

vong/phdat.
STT Téc dd Vi tri Chuyén vi tai x4
(vong/phat) (mm)
1 0°-0° +0,098
2 2000 0°—90° +0,079
3 0°—180° + 0,054

Tuong tng ta c6 két qua do chuyén vi liic nay 1a:
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Hinh 4.9 Gia tri chuyén vi do duogc tai nat 4 voi meyia=20g; n = 2000 vong/phdt, vi tri
0% -0° 0°—90°; 0° - 180°
Nhan xét:

Két qua do duogc (trinh bay trong Hinh 4.9, Bang 4.4 va Bang 4.5) cho thiy xu
hudng gidm dan vé lugng mat can bﬁng va chuyén vi cua truc. Cu thé, thuc nghiém
tai toc do quay 2000 vong/phat véi tai thir 20g cho thiy rang viéc diéu chinh vi tri dat
tai theo cac goc pha lan lugt tir 0° — 0°, sang 0° — 90°, roi dén 0° — 180° d4 gay ra
nhirng bién ddi twong tng vé muirc d6 mét can bang va gia tri chuyén vi cta rotor:

- Xét vé muc d6 mat can bﬁng, gia tri thr?ip nhét dat dugc tai vi tri 09— 180° 12 G
= 3,7 mm/s, hoan toan phu hop véi cac du doan 1y thuyét da dugc trinh bay
trude do.

- Xétvé chuyén vi, gia tri nhd nhét duoc ghi nhan theo hudng truc X lan luot
tai cac vi tri dat tai 0° — 0%, 0% — 90°, va 0° — 180° tuong Umg la + 0,098; +
0,079; va + 0,054, cho thay xu huéng giam dan khi thay doi goc pha.
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4.2.3 Quy dao chuyén dong
Hinh 4.10 minh hoa quy dao chuyén dong ciia rotor tai tbc d6 ns = 2000 vong/phut

trong hai diéu kién: khi rotor khéng mang tai va khi duoc gin tai 30g tai vi tri 0° — 0°.

0.15 T T T

Original
— 30g(0°-0°)

01

0.05-

Oy (mm)
=

-0.051-

00 -0l -0.05 0.03 0.1 0.15

0
Ox (mm}
Hinh 4.10 Quy dao chuyén dong ctia tim truc twong Ung vai rotor khong tai va

rotor ¢6 tai 30g, vi tri 0% 0° (n3 = 2000 vong/pht)

Bang 4.6 Két qua do chuyén vj tai truc X va truc Y trong 2 truong hop: rotor khong
tai va rotor co tai 30g (n3 = 2000 vong/phat)

Téc dd Khong tai Mirial = 30 grams
(vong/phut) X (mm) Y (mm) X (mm) Y (mm)
2000 + 0,046 + 0,081 +0,109 +0,135

> Nhan xét:

Dit liéu thuc nghiém trinh bay trong Bang 4.6 ching minh quy dao chuyén dong
ctia rotor phan anh 13 su chi phéi cta cac thong s6 anh huéng theo quy luat da dugc
du doan. Hon nita, két qua quan sét ciing cho thiy bién do dao dong voi khdi luong
tai 30g, vi tri 0° - 0°, tdc d6 2000 vong/phiit 16n hon bién do dao dong cuia rotor & toc
d6 to1 han 1: dao dong 1on nhat duoc khuyén nghi khéo sat trong thyc nghi¢m. Béng

thoi lc nay; mat can bang ciing dat dén mirc G41.3, lwong mat can bang nay phai
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dugc tranh trong qua trinh rotor hoat dong dé dam bao an toan va van hanh 6n dinh
lau dai.
Tac dong ciia vi tri dit tii dén dao dong rotor trong qua trinh van hanh

Nham danh gia anh hudng cta vi tri khoi lugng mat can bang dén quy dao chuyén
dong cua rotor, mot loat thi nghiém da duogc thuc hién tai tde do quay 2000 vong/phut.
Trong cac thi nghiém nay, tai trong 30g duoc gin 1én hai dia cua truc quay, voi cac
t6 hop vi tri goc pha khac nhau giira cc tai trong.

Ba truong hop phan b khéi luong mat can bang duoc khao sat, bao gom:

+ Truong hop 1: 0°-Q°

+ Truong hop 2: 0°—90°

+ Truong hop 3: 0°—180°

Quy dao chuyén dong ctia tim truc trong timg trudng hop duoc ghi nhan va hién
thi trong Hinh 4.11. Nhitng quy dao nay phan anh rd rét su thay doi vé dic tinh dao

dong cua rotor dudi anh hudng ctia phan bd vi tri khdi lwong mét can bang khac nhau.

0.2 — Original
—30g(0°-0°)
——30g(0°-90°)
—30g(0°-180°)|]

0.05

Qy (mm)
=
\

-0.05

0.1

-0.15

|
-0.15 -0.1 -0.05 0.05 0.1 0.15

0
Ox (mm)

Hinh 4.11 Quy dao tam truc trong 4 truong hop
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Bang 4.7 Két qua do chuyén vj tai truc X va truc Y trong 4 truong hop

STT Vi Téc dd 2000 (vong/phiit)
X (mm) Y (mm)
1 Khoéng tai + 0,046 +0,081
2 m=30g; 0°- 180° + 0,054 +0,096
3 m=30g; 0°- 90° + 0,090 +0,111
4 m=30g; 0°- 0° +0,109 +0,135

Nhin xét:

Dua trén két qua thé hién ¢ Hinh 4.11 va Bang 4.7, c6 thé nhan thay su thay doi
gdc pha ban dau cua vi tri khéi lugng thir nghiém trong qua trinh van hanh (tuong
g cac vi tri 0° — 0% 0° — 90°; va 0° — 180°) s& dan dén bién d6 dao dong va hinh dang
cua quy dao tam truc bi thay doi 1o rét.

Sy thay d6i nay lam cho tng suit tac dong 1én truc quay ciing bién thién (c6 thé
tang hodc giam), tir d6 tao diéu kién cho qua trinh tich lily ing suét theo thoi gian.
Hé qua 1a cac vét nit vi mo c6 thé hinh thanh va phat trién, dan dén nguy co hu hong

hodc pha huy truc quay trong qua trinh van hanh.
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Chuong 5. KET QUA TiNH TOAN VA THUC NGHIEM
PANH GIA PO BEN MOI

5.1 M6 hinh toan dwdng cong méi cho chi tiét dang truc
5.1.1 M6 hinh héa quan hé S—N doi véi chi tiét c¢é dang truc

Viéc xay dung m6 hinh toan cho dudng cong moi nham muc tiéu thiét 1ap phuong
trinh thé hién mdi quan hé giita ing suit dao dong oa va sb chu ky phé hiy trong tng
Nt. Trong qua trinh danh gid do bén méi dua trén tiéu chi ung suét — bién dang, ba
mo hinh pho bién thudng dugc str dung gom Stussi, Weibull va Basquin. Pay 1a cac
mo hinh kinh dién duoc 4p dung rong rii trong phan tich va du doan tudi tho méi cua
vat liéu.

- M0 hinh Stussi

Theo md hinh Stussi, duong cong moéi duoc xac dinh bang mbi quan hé gitta ing

suat tac dung va s6 chu ky moi N twong tmg [58] :

or + CNPop
o = EEYL R (5.1)
Véi:
oe - Ung sut ing véi chu ky moi N
or - G161 han moéi
ot - Gi6i han bén kéo
C, p - Hé sb chong moéi phu thudc vat liéu
Viéc xac dinh cac hang s6 C, p thuong duoc thuc hién thong qua phuong phép
thir — sai (trial and error), trong d6 gia tri or duoc diéu chinh dan dé dat két qua yéu
cu. Tuy nhién, diém han ché cta cach tiép can ndy 13 yéu ciu thuc hién nhiéu thi
nghiém véi cac mic or bién thién cho dén khi tim duoc gia tri phu hop nham xay
dung dudng cong moi chinh x4c.
- M6 hinh Weibull
Puong cong moi theo md hinh Weibull [6] duoc biéu dién va phan tich trong hé

toa do logarit kép, véi truc hoanh 1a logN va truc tung la logo.
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logN = logk — m.log(og — of) (5.2)
Véi:
N: S6 chu ky
OE : Ung suit
or : G161 han moi
k, m : Hang sb cua vit liéu

Gia tri or thuong dugc xac l1ap thong qua phuong phap thir — sai. M6 hinh nay
chu yéu duoc ap dung trong phén tich d tin cdy, xac suat hu hong do moi cua vt
liéu mau.

- M6 hinh Basquin

Nham xay dung quan hé giita bién d6 tng suat va sé chu ky pha huy tuong ung,

Basquin da dua ra mot moé hinh toan hoc dac trung [101]:
oo = o} (2N;)" (5.3)
Trong do:
oa: Bién d6 g suét
o't : HE 56 d6 bén moi
2Nt : S6 chu ky phé huy
b: Hé s6 mii chong moi Basquin (b = - 0,05 — 0,12)

Nhén xét: a, b - hﬁng sb thuc nghi¢m phan anh déc trung cAu tric cua vat liéu va
diéu kién lam viéc thyc té cua chi tiét moi.

Dang m6 hinh toan hoc theo ham mii nay dugc danh gia 1a phu hop véi phuong
trinh Wohler va hién dang dugc st dung rong rii trong cac nghién ciru lién quan dén
hién twong méi [102, 103]. Tuy nhién, diy 1a mot mo hinh téng quat, ¢ thé ap dung
cho nhiéu dang moi khac nhau nhu moi udn quay, kéo — nén, truc va tam. Trong
truong hop nghién ciru cu thé 1a moi udén quay trén chi tiét hinh try, can phat trién
mot mo hinh chuyén bi¢t vdi cac hé sb dic trung bao gém: ot (dai dién cho do bén

moi) va b (hé sé mii), dugc truy xuat tir mo hinh géc.
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Trong khuén khd mé hinh Basquin, hai dai lwong chinh 14 bién d6 Gmg suit oa va

s6 chu ky 2Nt. Céc h¢ sb orvab phu thudc vao tinh chét vat liéu cling nhu hinh dang

hinh hoc ctia mau thir. Viéc xac dinh chinh xac cac hé s6 nay doi hoi tién hanh thu

nghiém thuc té va xt 1y dir liéu twong Gng dé rut ra cac gia tri can thiét.

Céc mau thir 1a chi tiét quay, dugc dat trong diéu kién lam viéc chju tai trong chu

ky bat di xtng. Trong qu4 trinh chiu tai, cac vi tri chiu luc bén trong chi tiét c6 thé

hinh thanh cac vét nirit vi mo, va khi cac vét nirt nay phat trién dén gidi han nhat dinh,

ching s€ gay ra sy hu hong cua chi tiét. Trén co s¢ hién tugng do, nghién ctiru duoc

thyc hién nham phan tich anh huéng két hgp cua udn, xodn va mat can bang Ién chi

tiét quay trong sudt qua trinh danh gia d6 bén moi nhu minh hoa & Hinh 5.1

26

24
22 }
20t
18 }
16

Max. stress [MPa]

14
12

10

B G- i--3-3-s 5433

Fit
e Experimental

10°

10°

10° 10°
Number of cycle

10°

10°

Hinh 5.1 Pudng cong méi duge thiét 1ap dua trén dir liéu thyc nghiém [101]

5.2 So' @6 nguyén li va thiét bi do dd bén moi

So do nguyén li

Hinh 5.2 trinh bay so d6 nguyén ly cta co ché gay mai trong diéu kién ubn quay

bbn diém, dugc tmg dung trong may thr moéi danh cho chi tiét hinh tru.
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Péng Co Khép Nbi Géi b Mau Th Géi b

Hinh 5.2 Nguyén 1y bd tri tai trong thi nghiém moi dang un quay 4 diém

Puong cong moi (S-N) duoc thiét 1ap duwa trén mdi quan hé giira img suat dao

dong oa va

s6 chu ky gay hu hong N.

Tuy nhién, trong qua trinh thi nghiém, luc tic dung truc tiép 1én mau thir 1a luc

F, do d6 gia tri Gng suat trén mau khong do truc tiép ma duoc tinh toan gian tiép

thong qua lyc F.

Trong chuong 3; NCS di tinh toan cac thong s6 can khao sat chinh dé thiét ké he

théng do do bén moi:

a. Tbc do téi da: 2000 vong/phit

b. Két cau mau thir theo dé xust.

c. Chéng rung + chong cong hudng do bién d6 dao dong lén.

d. Lam mét — giai nhiét.

e. So dd nguyén Ii may moi uén 4 diém theo 1SO 1143-2010

f.  Luc tac dong ngoai 1am cho wng suit tac dong thay doi theo chu ky bat
d6i xing.

Nguyén li tao lwe tac dgng ngoai

Xung luc kich thich trong luan an duoc ap dung la ding 1 thiét bi dién tir (nam

cham dién) dé tao ra 1 xung lyc kich thich theo chu ky. So d6 nguyén 1i nhu Hinh 5.3
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Nam chdm dién, Tai Chiéu quay

Truc quay

Hinh 5.3 So db tao xung lyc kich thich bang nam cham dién
Theo [104]; ttng sudt moi tac dong 1én mau thir theo thoi gian ldc nay s& 1a tng
suat ubn thuan tay trong 1 mat phang do My gay ra:

32F,l
Omin =~ 73~

32(F, + F,)l

Omax = =3 (5.4)

Vi lyc li tdam: F, = mrw? va luc nam cham Frn = 10 N (gid tri hiéu chinh thuc
nghiém tir nam cham dién)

Lac nay, ham tng suat theo thoi gian duoc biéu dién nhu sau:

tmod—tc

td
2

s . t
O'(t) — ) Omin + (O-max - O-min)' (1 - ) vot |tmod - tcl < ;d (55)

Omin
Trong do:
tmoqg = mod(t,T) : phan du thoi gian trong mdi chu ky
t.=T — %d : dinh cua xung
t, = ——.T : chidu rong xung

21r
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Ta c6 biéu d6 wng suat tac dong theo thoi gian trong mo hinh nhw Hinh 5.4

300k Biéu d6 (rng suét theo thoi gian
260

240

Ung suit o (Mpa)

220

O min
200

1 1 1 | 1
0 0.05 0.1 0.15 0.2 0.25

Thoi gian (s)
Hinh 5.4 Ung suit tac dong bat d6i xiing theo chu ky Ién truc quay

Két hop so do nguyén 1i Hinh 5.2 va Hinh 5.3; d¢ xuat 1 so d6 nguyén li may
hoan chinh nhu Hinh 5.5

Q& 2 :

I
I
)
I
I
I
I
Foep + F
\y el 2 ¢le +Flc2

1. Dongco

2. Encoder

3. Khop linh hoat

4. Géida 1

5. Cém bién do rung déng 1
6.Dial

7. Mau

8. Dia2.

|
|
|
|
|
: !
9.Goide 2 1
10. Cam bién do rung dong 2 rLl |J-|

11. Cam bién béo pdy

12. Nam chim dién 1
13. Nam chim dién 2
14. Bong co bude 1

15. Bong co bude 2

Hinh 5.5 So d6 nguyén li may méi véi lyc tic dong bang nam cham dién
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Chuyén dong quay dugc dong co truyén dén cum truc chu dong va truc bi dong
thong qua hé théng khép ndi mém. Luc Fr duge tac dong theo phuwong ngang 1én hai
dia ga“in trén truc quay. Do 16n cua luc Fm, ; tao bdi nam cham dién; s€ dugc do luong
thong qua cam bién luc (Loadcell). S6 chu ky xay ra cho dén khi chi tiét bj pha hiy
do méi dugc ghi nhan bang bo dém sb vong quay (Encoder). Nhitng yéu t6 lién quan
dén luc tac dong (téc do) va s6 chu ky hoat dong s€ duogc hién thi truc tiép trén giao
dién HMI.

Vi thé; thiét bi thtr hai can duoc ché tao trong luan an nay 13 may do do bén méi
(do c6 két cau khac v6i may do dao dong Hinh 4.1). Két cdu may do d6 bén moi duoc
dé xuat nhu sau:

- Kich thude: 1400x800x1000;

Téc d6 quay n: 0 - 6000 vong/phut (c6 téc dd mau thir: 2000 vong/pht)

Diéu chinh toc dg: nhanh, v6 cap.

Chéng rung + chong cong hudng do bién d6 dao dong 16n; giam on.

Lam mat, giai nhiét tot.

Céc chi tiét may sau khi duoc thiét ké (Hinh 5.6) va ché tao hoan chinh (Hinh
5.7) bao gom :
1. Tii diéu khién — 2. HMI diéu khién 3. Step Motor — 4. Loadcell — 5. Péng co truyén
déng — 6. Encoder — 7. Goi do — 8. Mau thir nghiém — 9. Cam bién bdo gdy — 10. Nam
cham dién — 11. Can hién thi
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Hinh 5.7 May thi nghiém moi
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5.3 Thue nghiém va danh gia két qua
5.3.1 Nghién ciru dé xuét két cAu va quy trinh ché tao miu
a. Vit liéu

Thép C45 1a loai thép carbon v&i ham lugng carbon trong khoang tir 0,42 dén
0,48%. Sau qué trinh nhiét luyén phu hop, vét liéu nay dat dugc té hop tinh chit co
hoc tbt, bao gém dd bén cao, 46 déo va do dai tét, cung voi kha nang chiu tai, chiu
udn va chiu xoan hiéu qua. Vi cac dac tinh co hoc uu viét, thép C45 duge st dung
rong rai trong nganh co khi ché tao, dic biét 1a trong san xudt cac chi tiét may lam
viéc trong moi truong ¢ mai mon, chiu tai trong tinh hoac va dap 1én nhu truc, banh
ring va cac bd phan truyén dong khac. Bén canh do, trong thuc té gia cong, thép C45
con ¢6 thé trai qua cac qua trinh xtr Iy nhiét dé nang cao hon nita tinh ning co hoc
tong hop.

Dua trén cac phan tich k¥ thuat néu trén cing voi nhu cau tng dung thuc tién
trong nganh co khi tai Viét Nam, thép C45 duoc lya chon lam vat li¢u nén dé ché tao
chi tiét mau phuc vu cho qua trinh thir nghiém xéac dinh d6 bén moi trong nghién ctru
nay.

Loai thép C45 sir dung c6 ngudn gdc tir Pai Loan, duge san xuit theo tiéu chuan
Nhat Ban va nhap khau vao Viét Nam. Dé xac dinh chinh xac thanh phan hoa hoc
ctia vat liéu ndy, cac mau thir da dugc gia cong va phan tich bang phuong phap quang
phé tai Trung tam K§ thuat Tiéu chuan Do ludng Chat luong 3 (QUATEST 3). Két
qua phan tich chi tiét vé thanh phan hoa hoc duoc trinh bay trong Bang 5.1
Bang 5.1 Thanh phan hoa hoc ctia miu thép C45 san xuat & Pai Loan theo tiéu

chuan Nhat va nhap khau vé Viét Nam

Thanh phan C Si Mn P S Cr Ni Mo
hoa hoc
Mau 1 0,429 | 0,245 | 0,643 |0,015 | 0,004 |0,362 |0,014 |0,003
Mau 2 0,427 | 0,245 | 0,645 |0,015 | 0,004 | 0,361 |0,014 | 0,003
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Do lach tuong dbi| 0,356 | 0,107 | 0,181 | 2,623 | 1,241 | 0,104 | 0,245 | 1,300
(RSD)

Ty 1é trung binh | 0,428 | 0,245 | 0,644 | 0,015 | 0,004 | 0,361 | 0,014 | 0,003
(Rep)

Két qua cho thay thanh phan hoa hoc ctia mau thép C45 nim trong gidi han [105].

b. Thiét ké miu thir cho thi nghiém méi

Mau thir sir dung trong thi nghiém méi udn quay léch tim duoc thiét ké va ché

tao tuan theo tiéu chuan ISO 1143:2010. Theo yéu cau k¥ thuat, mau dang udn quay

phai c6 dudng kinh danh nghia tir 5 mm dén 12,5 mm va dugc gia cong chinh xac

nham tranh hinh thanh céc vi tri tip trung Gng suat khong mong mudn.

Muc dich chinh cia viéc ché tao mau la xac dinh dac tinh moi cia vat liéu thong

qua viéc xdy dung duong cong S—N, phan anh mbi quan hé giita tng suat tic dung

va s0 chu ky pha héng. Trong nghién ctru nay, dua trén hudng dan cua ti€u chuan

ISO 1143:2010 két hop véi diéu kién van hanh thuc té cia thiét bi thi nghiém, mau

thir duoc ché tao tir thép C45, voi két cau hinh hoc duoc trinh bay trong Hinh 5.8 va

mau thuc té & Hinh 5.9.

[O]00t[A]

Mi2x 212:0.11

1.\5/ 0{/ 18 f

0lo02[A]
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s62001
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Hinh 5.8 Thiét ké mau thir moi dam bao phu hop véi cac yéu cau ky thuat
trong 1SO 1143:2010

Hinh 5.9 C4c mau thi nghiém
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c. Pé xuat miu cho thi nghiém kéo - nén

Trong qua trinh x4c dinh do bén moi cua vat liéu, viée du doan trude muc ung
suat khoi dau 1a can thiét dé thiét 1ap cac gia tri ing suét twong tmg cho cac cip tai
trong thi nghiém moi. Mtc (mg suit ban dau nay thudng dugc udc luong dua trén
gi61 han chay cua vat liéu C45, do d6 viéc kiém tra dic tinh chiu kéo 1a diéu bat budc.
Diéu nay dan dén yéu cau phai thiét ké va gia cong mau chuyén dung cho thi nghiém
keo.

Dua trén tiéu chudn ISO 6892-1:2009 [106] cung vé6i kha ning k¥ thuat cua thiét
bi thir kéo, mau thir ché tao tir thép C45 dugc dé nghi cé hinh dang trinh bay trong
Hinh 5.10.

Trong d6, kich thudc 50 mm 1a chiéu dai doan do bién dang (gauge length), dugc
xéac dinh theo tiéu chuan ISO 6892-1:

Lo =5d =5.10 =50mm

o5 63,001 e 63,7201 A0 63,001 -

il

o 193 &

Hinh 5.10 Thiét ké mau thir dung trong kiém tra do bén kéo
d. Quy trinh gia cong chi tiét mau
Luan an tap trung nghién ctru céc loai chi tiét truc duoc su dung phé bién trong
thuc té, chéng han nhu truc chinh, truc gén banh rang,... Cac loai truc nay, tir vat liéu
thép C45, thudng trai qua qua trinh nhiét luyén (bao gdm toi va ram) nham cai thién
toan dién cac dic tinh co 1y nhu do bén, do cing va kha nang chiu va dap. Do d6, quy
trinh nhiét luyén can tich hop diy du vao quy trinh gia céng mau thir dung cho thi

nghiém mai.
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Theo yéu cau ctia ISO 1143:2010 — tiéu chuén 4p dung cho thir nghiém méi uén
quay bbn diém — mau thir cin dam bao tinh dang hudng va d6 dong nhét vat lidu dé
thu duoc két qua co do tin cdy cao. Piéu nay dong nghia véi viéc miu thir can dugc
xtr ly nhiét thich hgp trude khi gia cong co khi.

Dé mo phong sat diéu kién ché tao thyuc té cua cac chi tiét truc trong tng dung
cong nghiép va ddéng thoi tudn thi cac yéu cau k§ thuat cua tiéu chuan ISO 1143:2010,
phoi thép C45 dung cho ché tao mau thir can duge xir Iy nhiét trudce khi gia cong.

Viéc xir Iy nay giup tinh luyén cdu trac vat liéu, 1am nho va dong déu hat, tir d6
dam bao chét luong vét liéu dau vao cho giai doan gia cong co khi tiép theo. Hinh
5.11 mé ta quy trinh ché tao mau thir dugc 4p dung trong nghién ciru thuc nghiém

nay.
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Phoi

l

X 1y nhiét — Lam nho hat

l

Tién tho

l

Tién tinh

l

Mai

Do dd cing

l

Po d6 bén kéo

l

Do dd nham

Mau thi nghiém

Hinh 5.11 Quy trinh san xuit mAu thir nhdm phuc vu cong tac thuc nghiém
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e. Qui trinh xir ly nhiét
T6 chire té vi cua vat lidu & trang thai trudc va sau khi xu 1i nhi¢t dugc quan
sat theo 2 phuong: song song va vudng goc duoc trinh bay trong Hinh 5.12 va Hinh

5.14.

Theo phuong song song véi hudng can  Theo phuong vudng goc véi hudng can

Hinh 5.12 T4 chirc té vi ciia thép C45 ¢ trang thai cung cip

Tham khéo [107], mot qui trinh xtr 1 nhiét méi dugc dé xuét nhu sau:
Thuong hoa 920°C, 15 phut, khong khi tinh & Thuong hoa 840°C, 15 phut, khong
khi tinh & Thuong héa 760°C, 15 phat, khong khi tinh.

1000 920

840
760

800

=
8

s
8

Nhiét dé (°C)

Ngui trong khdng khi tinh Ngudi trong khong khi tinh Ngudi trong khong khi tinh

\ \ \

0 15 3 4 60 75 9 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360

Thoi gian (phut)

Hinh 5.13 Qui trinh xtr li nhiét lam nho hat cho thép C45

91



R OO B L
T S A Ll

A
] s

“;;. A o o {( A e £) Oyt e ‘
~ ..Q % re .-Q.,' - A g ’ .
3 ‘l% %‘Qé “"iﬁx%ﬁ?ﬁxﬁpb 2 lb N '\% YT ae AR
J};;‘? T Z 4 ;L‘. O PR P o £ho N 2 B oy 3 '.. ‘, - e URA "’

: v Lot ”-i;"}:’ 2 '{'%7 tw " .m\"t%knﬁﬁ.‘ : A ‘;é&:&-&"
Theo phuong song song véi hudng can Theo phuong vudng goc vai hudng can

Hinh 5.14 Cau tric vi mé thu duoc ctia thép C45 sau cac budce xir 1y nhiét luyén
f. Kiém tra kha niing chiu kéo ciia miu thir
Viéc do luong do bén kéo ciia miu dong vai trd quan trong trong viée danh gia
gidi han chay ciia thép C45 sau khi trai qua qua trinh xir 1y céu trtc vat liéu. Thong
tin nay cung cép co s6 can thiét dé tinh toan luc tac dung phu hgp khi thyc hién thi
nghiém moi trén thiét bi chuyén dung.

Két qua thir kéo thuc hién trén ba mau thép C45 sau khi xur 1y thd (tham khao

Hinh 5.13) dugc trinh bay trong Bang 5.2.

Hinh 5.15 Mau tht sau khi duge kiém tra d6 bén kéo va nén
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Bang 5.2 Két qua kiém tra kéo cho mau thép C45

_ Gi6i han chay | Gi6i han bén op Dj dan dai
Mau oc(MPa) (MPa) twong dbi (%)
1 441 705 21,8
2 412 700 24,2
3 425 713 25
Trung binh 426 706 23,6

Duya trén két qua Bang 5.2; tng suit t6i da 4p dung trong thi nghiém moi dugc
Iwa chon bang 70% gidi han chay o, tuong duwong khoang 300 MPa. Lua chon nay
dam bao Gng suat 1am viéc cua chi tiét truc ndm trong ving dan hoi cua thép C45,
thda man vé6i diéu kién van hanh thuc té.

g. Panh gia d6 nham va d¢ cirng bé miit

D0 nham va do cling bé mit ctia mau thir duge kiém tra nham danh gia chét luong
gia cong va anh hudng cua cac yéu td cong nghé dén tinh chét co hoc bé mat vat lidu.

Viéc do do nham bé mit duge thuc hién béng may do SJ-210 (Hinh 5.16) ctua
hang Mitutoyo (Nhat Ban). Thiét bi cho phép xac dinh gia tri trung binh do nham bé
mat Ra véi sai s6 do £0,05 pum. Két qua do trén 3 mau thir dugc thé hién trong Bang
5.3.

Tuong tu, thiét bi do d6 cung bé mit st dung trong nghién ctru 1a may do dg cing
Rockwell HR-150A (Hinh 5.17), cho phép xac dinh d6 cung theo thang HRB. Ba
mau thir Khéc nhau da duoc tién hanh do, gia tri trung binh dugc trinh bay trong Bang
54.

Bang 5.3 Két qua do do nham bé mit mau Ra (um) - Sai s6 ciia mdy do: + 0,05 um

Mau thi nghiém 1 2 3 Trung binh

D6 nham (um) 0325 | 0328 | 0324 0,32
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Bang 5.4 Két qua kiém tra d6 cing bé mat mau thu

Mau thir 1 2 3 Trung binh

b6 ciing (HRB) 86 87 86,5 86,5

Hinh 5.17 May do d6 cting Rockwell HR-150A

94



Qua két qua do, c6 thé thdy bé mat miu c6 d6 nham twong doi tot va do cung
dat mic on dinh gitta cAc mau do, phan anh do dong déu sau qua trinh gia cong.
5.3.2 Két qua thuc nghiém
a. Cac chi tiéu phan tich va danh gia

Tir dit liéu thu duogc trong thi nghiém tng suit — s6 chu ky, c6 thé xac dinh kha
nang chiu tai 1ap lai cua vat li€u, duoc goi la do bén tudn hoan. Pai lugng nay, con
duoc biét dén véi tén go1 gid1 han mai vat 1y hoac gidi han moi ngudng, thé hién muc
ung suit 16n nhat ma vat liéu c6 thé chiu duoc trong mot khoang thoi gian van hanh
xac dinh ma khong bi pha huy.

Viéc danh gid 6 bén moi dugc thuc hién thong qua phan tich mbi quan hé gitra
ing suat tac dung va sd chu ky lam viéc, nham xac dinh ngudng tai trong ldp ma vat
lidu c6 thé chju dugc ma khong phat sinh hu hong.

Khai niém do bén lau va gi61 han méi gitp mo ta rdo hon hanh vi cia vat liéu dudi
g suat 1ap: do bén 1au phan anh s6 chu ky (hodc thoi gian lam viéc) ma vat liéu co
thé chiu duoc trude khi xuat hién vét niit moi co kich thudc dang ké hodc xay ra pha
huy hoan toan. Néu tmg suit cuc dai nho hon gidi han moi (omax < [o]); vat liéu co
thé duoc xem nhu c6 kha nang lam viéc 1au dai ma khong gidi han. Nguoc lai, khi
g suat tac dung vuot qua gidi han méi (omax > [o]); tudi tho vat liéu s& bi gidi han
va can duoc xac dinh cu thé.

b. Phén tich

Muc tiéu chinh cta thi nghiém 1a khao sat do bén moi cua thép nén C45 trong
cAu hinh chi tiét tryuc quay, chiu anh hudng dong thoi cua luc ly tam bién doi theo
thoi gian Fy (M, r, @) va luc kich thich ngoai c6 tinh chu ky Fm do nam cham dién tao
ra - gy (mg suat bién thién theo thoi gian tic dong 1én chi tiét = pha huy.

Toan b quy trinh thi nghiém dugc trién khai theo cac tiéu chuan ISO hién hanh.
Thir nghiém moi dugc tién hanh trén may kiém tra d6 bén moi tai phong thi nghiém
Co khi va Méi truong (REME Lab) — Truong Pai hoc Su pham K§ thuat TP.HCM.

Duya trén dit liéu thu thap dugc vé tng suét va sé chu ky phd huy, duong cong

moi cung véi phuong trinh ddc trung theo mo hinh Basquin da dugc thiét lap. Tur do,
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duodng cong dac trung moi va gidi han moi (fatigue limit) ctia vat liéu dugc xac dinh
phuc vu cho viéc ddnh gia tudi tho chi tiét trong diéu kién 1am viéc thuc té.
Dua trén két qua Bang 5.2; tmg suit t6i da 4p dung trong thi nghiém méi dugc
lwa chon bang 70% gidi han chay o, twong dwong khoang 300 MPa.
Omax = 70%.0, = 70%.426 =~ 300Mpa
Ngoai ra, theo Bang 4.2 ta c6 lugng mat cin bang tai tbe do 1500 rpm; khdi luong
thir 30g; goc pha 0°-0% ban kinh dat tai S0mm 1a G = 14,3 (< G16). Ap dung cong
thire (3.25) va (5.4); ta tinh Gng suét tac dong 1én mau thir nghiém:
+ Tbc do: n = 1500 vong/phut;
+ Khoéi luong thir (tai trong): Mg = 0,03 kg;
+ Ban kinh tai: r = 0,05 m;
+ Van tdc goc: w, = 157 rad/s;
+ Khoang cach tir gbi d& dén diém dat lyc F2: a = 0,18 m;
+ Khoang cach tir diém dit lyc F2 dén diém dat luc Fe: b = 0,075 m;
+ Duong kinh truc: d = 0,006 m;
Lac nay; ta co:
e Luc tac dong:
F,=F,=FE,+E,=m.r.w5 +10= 47N

e Ung suat cat:

_ Y ewmp
s =7.a2 = 700062  ~°0ra
) )

e MO06-men udn:
M, = F.a = 47.0,18 = 8,46 Nm

e Ung suat uén:

My _ M, _ 846
T W T wmdd T 70,0063 4
32 32
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e Ung suat trong duong tac dong:

Oeqg =/ (0p)% + a. (15)2 = /3992 + 3 = 1,6 = 399 Mpa > 300 Mpa: tng

suit cho phép.

Tuong tu; ta lap Bang 5.5 thé hién méi lién quan gitta cac thdng sé anh hudng

dén mat can bang dén ung suat tic dong.

Bang 5.5 Qui doi tir cac thong s6 anh huong do mat can bang qua tng suat

Vitri | Taithir | Bankinh | Técddo | Luclitdm | Lyc nam chdam| Ung suit

STT m(g) | tair (mm) (rpm) Fu (N) Fm (N) ¢ (MPa)
1| 0°0° 30 50 1500 36,5 10 399
2 0°0-0° 30 50 1300 27,3 10 317
3 00-0° 30 50 1200 23,7 10 286
4 | 00-Q° 30 50 1100 19,9 10 254
5| 0°0° 30 50 1010 16,8 10 228

Nhin xét:

Tir Bang 5.5; dé xay dung d6 thi thé hién mdi quan hé gitta img suat — chu ky; ta
s& chon murc thi nghiém bat dau ¢ toc d6 1200 vong/phut; vi tri 0°-0%; tai thir 30g va
ban kinh tai 50mm; mirc nay twong (mg véi ing suit o= 286 Mpa (< 300 Mpa).

Sau do; chiing ta s& thay ddi cac thong sé anh hudng dén mat can bang lam Gng
suit thay d6i = anh huong dén do bén moi truc quay. Trong pham vi cta dé tai; ta s&
thay d6i thong s6 anh hudng d6 1a tdc do quay: cu thé 1a chay vdi cac toe 46 nhu sau:
1200 vong/phut; 1100 vong/phat; 1010 vong/phat; 900 vong/phdt va 870 vong/phut.
d. Két qua thi nghiém

Nhu da dé cap trong cac phan trudc, nham dénh gia anh hudng cua cic thong sd
dén do bén méi cua vat lidu, thi nghi¢m duoc tién hanh tai 5 murc ung suét tac dong
khac nhau. Déng thoi, dé dam bao tinh 1ap lai va dod tin cdy cua két qua, mdi mirc

duogc kiém tra trén ba mau thir riéng biét.
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Trong thi nghiém nay, tmg suit tac dung 1én mau thir duoc tao ra tir lyc ly tim

clia tai thir quay cung truc. Do tai thir va ban kinh dugc giit ¢d dinh, viéc thay d6i toc

d6 quay 1a cach tryc tiép va thuan tién nhit dé didu chinh gid tri luc ly tAm, tir d6 thay

d6i mirc (g suat tdc dung 1én mau. Nam gia tri toc d6 quay khac nhau duoc Iya chon

nhim tao ra 5 muc Ung suit phan bd tir cao dén thap, du dé xiy dung dudng cong S—

N theo phuong trinh Basquin.

Tir Bang 5.5, diém thi nghiém dau tién dugc chon twong tng voi tng suit o =

286 Mpa. Sau do, tur dir liu thi nghiém thu dugc (trinh bay trong Bang 5.6 va bang

5.7) ta thiét 1ap duong cong moi dua trén phuong trinh Basquin, v6i sy hd trg tinh

toan va xir 1y s6 liéu bang phan mém Excel. Qui trinh thi nghiém chi tiét tham khao

thém tai liéu [17].

Bang 5.6 Cac thong so trong qua trinh thuc nghiém

Taither| Béankinh | Técddo| Luclitdm | Luc namcham| Ungsuito
STT m(g) | tair(mm)| (rpm) Fu (N) Fm (N) (MPa)
Diém 1 30 50 1200 23,7 10 286
Diém 2 30 50 1100 19,9 10 254
Piém 3 30 50 1010 16,8 10 228
Piém 4 30 50 900 13,3 10 198
Diém 5 30 50 870 12,4 10 190

Dit liéu thi nghiém thu nhan duoc tong hop va trinh bay trong Bang 5.7
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0 Gmg suat (MPa)

Bién d

Bang 5.7 Bang tong hop dir liéu thu duoc tir thi nghiém

Mtre tng Mirc img Mirc img Mirc img Mirc img
Vat liéu suat 1 sudt 2 sudt 3 suat 4 suat 5
_ |0=286 MPa| 6 =254 MPa | 6 =228 MPa | =198 MPa | ¢ =190 MPa
Mau S8 chuky | Séchuky | Sdchuky | Sdchuky |  S6chuky
Thep 1 241.460 651.000 3.913.200 6.885.000 10.000.000
45 2 263.140 715.100 3.151.000 5.540.000 10.000.000
3 229.670 611.000 3.510.000 4.800.000 10.000.000

Dua trén céac dir liéu thu thdp tr qué trinh thi nghiém, dudng cong méi cia vat

lidu thép C45 da duoc thiét 1ap voi s hd trg cia phan mém Excel. Hinh 5.18 minh

hoa duong cong moi twong Gmg véi chi tiét mau truc quay.

300 - Thyc nghiém
v = 1080x:107
R*=10,9617
250
200
150 1 1 1 1 1 ]
200000 400000 800000 1600000 3200000 6400000 12800000
Chu ky (vong)

Hinh 5.18 Puong cong mai thuc nghiém tng vadi vat liéu thép C45

Hinh 5.19 trinh bay cac mau thtr bi pha hity do moi sau khi chiu tai chu ky ¢ tng

suat o = 286 MPa véi toc d6 quay 1200 vong/phut. Vét gy xuat hién rd rang tai ving

lam viéc co tiét dién nho nhat — noi tap trung ng suat 16n nhét trong qué trinh thi

nghiém. Hién twong gdy moi xay ra sau mot s6 chu ky nhat dinh, phan 4nh kha ning

chéng moi giéi han cua vat lidu trong diéu kién tai thay doi va quay lién tuc. Két qua

99



nay la co s&¢ dé danh gia do bén moi va tuoi tho cua chi tiét trong cac ing dung co

cau quay.

Hinh 5.19 Miu giy moi tai (mg suit o = 286 MPa (1200 vong/ph(t)

Phuong trinh biéu dién mdi quan hé Gmg suat — chu ky theo mé hinh Basquin dbi
voi thép C45 duoc thiét lap tir ) liéu thuc nghiém; vi cac tham $6 thuc nghiém duoc

trinh bay trong Bang 5.8:
o, = 1080. N 0107 (5.6)

Bang 5.8 Céac tham s6 md ta dudng cong moi theo Basquin cho thép C45

Mau ¢’f b
(MPa)
Thép C45 1080 - 0,107

Tir két qua thuc nghiém ¢ Bang 5.6 va Bang 5.7, ta c6 mdi quan hé giita cac yéu t6
gdy mit can bang dén tmg suit tic dong va tudi bén moi cua mau. Két qua cy thé

duogc trinh bay & Bang 5.9
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Bang 5.9. M6i1 quan h¢ gifra cac yéu to6 gy mat can bang dén trng suat tac dong va so

chu ky méi trung binh
g7t | Taithu| Bénkinh [ Tocdo| Luclitam |Lyc nam cham Ungsuato | S chu ky
m() | tirmm)| @pm)| Fue(N) Fn (N) (Mpa) | trungbinh
Piém 1| 30 50 1200 23,7 10 286 2,4.10°
Piém2| 30 50 1100 19,9 10 254 659.10°
Piém3| 30 50 1010 16,8 10 228 3,5.106
Piém4| 30 50 900 13,3 10 198 5,7.108
Piém 5| 30 50 870 12,4 10 190 107

Nhan xét:

Tir d6 thi Hinh 5.18 va Bang 5.9 cho thay khi tng suét tac dung ting cao, toc dd

lan truyén ctia vét nut trong vat lidu ciing ting theo, ddn dén hién tuong pha huy chi

ti€t xay ra som hon.

Két qua ciing chi ra rang khi lugng mat can bang (do toc d6 quay) tang, ing suat

tac dung ting dang ké, kéo theo s6 chu ky mai trung binh ciia miu giam o rét.

Tir [108], ta khao sat cac duong cong Moi hién nay trén thé giéi gom co:

» Phuong phap Mitchell:
o = 1051. (2Nf)~*07°

» Phuong phap Medians:
oq = 1059. (2Nf)~%°

> Phuong phap Roesle:
oq = 947.(2Ny)~00°

> Phuong phap Universal Slopes:
oo = 1341. (2N;) ™01

» Phuong phap Theory [58]:
oq = 706.(2Ny)~%08>
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0 (mg suét, MPa

Bién d

So sanh vdi dudng cong moi thuc nghiém vira tim dugc, ta co dd thi nhu

Hinh 5.20

350
Thyc nghiém
——— Theory
300 | y=706x008 Y= 1341.4x912  y=947,13x00 Mitchell
Y =10589¢1% ——— Medians
y=1051.1x007
Roessle
250 | Universal
3 ;\\
200 * \\\\
y = 1080x107
R*=10,9617
150 |
100 . .
10000 100000 1000000 10000000 100000000 1E+09 1E+10
Chu ky (vong)

Hinh 5.20 So sanh d6 thi moi cua thép C45 thu dugc tir thuc nghiém

vai cac mo hinh moi khac
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y = 947x700°

300 ¢ R:=1
Thye nghiém
4 Roesel
5
S 250
S’
=1
2
50
5
=1
;8.
o 200 f
NEY
m
y = 1080x7-107
R#=0,9617
150 1 1 )
100000 1000000 10000000 100000000

Chu ky (vong)

Hinh 5.21 Pudng cong méi thyc nghiém tir thép C45 ddi chiéu duong cong Roesel

Nhin xét:

Két qua thuc nghiém dugc trinh bay trong Hinh 5.21 thé hién mbi quan hé S—N
ctia thép C45 trong diéu kién lam viéc ¢ anh huong ciia cac yéu td mat can bang:
khéi luong thir, ban kinh dit tai, va toc do quay dén d6 bén moi. Puong cong minh
hoa rd su gia ting tmg suit tic dung va su suy giam dang ké tudi tho moi khi xuét
hién cac yéu t6 gdy mat cn bang trong hé théng quay.

So véi duong cong moi cua Roesel, thu duoc tir thyc nghiém bang phuong phap
ubn thuén tiy, két qua cho thiy cac thong sd gdy mét can bang 1én truc quay da lam

gidm do bén moi ciia mau thir so véi mau uén quay thuan tuy.
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Chwong 6. KET LUAN VA HUONG PHAT TRIEN

6.1 Cac két qua dat dwoc
Trong ludn 4n ndy, tac gia di tap trung nghién ctru anh hudng cua cac yéu té giy
mat cin bang dén d6 bén moi cua rotor, cu thé 1a truc quay. Cac théng sé duge khao
sat bao gom: toc do quay, khdi lugng thir (gdy ra mat can bang), goc pha ban dau va
luc tac dong ngoai. Xay duyng mé hinh toan va ap dung phuong phap sé6 Newmark —
B dé giai bai toan trén. Thiét ké va ché tao 2 thiét bi phuc vu cho muc ti€u thi nghiém:
may do dao dong va mdy thir nghiém moi. Céac thiét bi nay dong vai trd quan trong
trong viéc xac thuc mo hinh 1y thuyét va cung cip dit liéu thyc nghiém cho phan tich.
Xay dung dugc mdi quan hé giita ing suat va chu ky (S-N): dudng cong moi thé hién
mdi quan hé gitra cac yéu td anh huéng do mat can bang dén d6 bén moi. Két qua
nghién ctru gop phan lam 1d co ché anh hudng ciia cac yéu to mat can bang lén trang
thai lam viéc cia rotor, tir d6 cung cap co s cho viéc thiét ké, can bang va chan doan
hu hong trong céc co cdu quay cong nghiép. Cac két qua nghién ctru chinh dat dugc
nhu sau:
- Xac dinh cac théng s6 anh huong truc tiép toi mat can bang dong trong truc
quay: toc d6 quay, khéi lwong 1éch tdm va vi tri khéi lwong mat can bang.
- Rung dong tr¢ nén khong 6n dinh khi toc do quay dat dén tdc d6 tGi han va
bién do dich chuyén ting dang ké. Pong thoi, lugng mat can bang ting (dén
G40) dan dén bién d6 dich chuyén ting. Bién d6 dao dong trong truong hop
G41.3¢c6 X =+0,109; Y = £ 0,135 tham chi con 16n hon so véi bién do dao
dong tai tbc d6 téi han 1: X =+0,101; Y =+ 0,119. bay la bién do dao dong
can tranh trong qua trinh van hanh dé dam bao rotor hoat dong on dinh, 1au
dai.
- Goéc pha ban dau cua vi tri khdi luong thir nghiém, néu xay ra thay doi trong
qua trinh van hanh, s& dn dén cac bién thé khac nhau ctia pha rung dong khién

{rg suat uon ting hodc giam c6 thé dan dén hong hoc xuat hién trén truc quay.
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Céc két qua nghién ctru nay ciing chimg minh rang phuong phap Newmark -
B duoc st dung dé phan tich hanh vi ctia hé thong rotor c6 do tin ciy cao, 6n
dinh khong diéu kién, thoi gian hoi tu nhanh va dg chinh xéc cao, sai $6 80 v6i
thuc nghiém < 6%.

Mot may thir nghiém méi dé nghién ciru d6 bén moi cua truc truyén dong
khong can bang dd dugc phat trién. Mot cong cu cin chinh chuwong trinh diéu
khién méi ciing duoc thiét ké dé danh gia nhing tac dong khong can bang nay.
Két qua thir nghiém vé do bén moi cho thdy gii han méi va d6 bén moi cua
mAau giam dudi tic dong cia cac yéu td khong can bang; bao gdm khdi lugng
thir, toc d6 van hanh va ban kinh tai; so vdi truc quay udn cong thuan tay, tir
d6 x4y dung thanh cong dudng cong tng suit — chu ky ddi véi chi tiét dang
tryc quay bang thép C45 chiu tic dung cta lyc gy mat can bang.

Ngoai ra, bién d6 dao dong s& ngay cang 16n hon khi chu ky tai tang 1én. Piéu
nay co thé dugc giai thich bang su xuét hién va lan truyén cia cac vét nut té

vi, khuéch dai anh huong cua cac luc khong can bang Ién truc quay.
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6.2 Hwéng phat trién

Bén canh nhitng két qua dat duoc va pham vi nghién ctru ctia dé tai, huéng nghién

clru cua dé tai ciing con nhiéu linh vyuc c6 thé khai thac:

- Ung dung mé hinh trén trong phat trién hé théng giam sat tinh trang online
(Online Codition Monitoring - OCM), hé théng giam sat rung dong theo thoi
gian VCM (Vibration Condition Monitoring — VCM) hay hé théng gidm sat
sttc khoe két cau (Structural Health Monitoring — SHM) hoic két hop cac hé
thong lai v6i nhau gitp gitp du doan tudi tho con lai, téi wu hoa cin bang
dong, va ddm bao an toan van hanh lau dai.

- Can tién hanh nghién ctru sdu hon dé tim hiéu tac dong cia cac thong s6 khac
nhau dén tudi tho chju moéi cua truc quay trong cac diéu kién van hanh khac
nhau nhu nhiét d6 cao, téc do cao (dac biét la tbc do t6i han 2) hoac vé vat
lidu: vat liéu nhiéu pha (multiphase), 42CrMO04, thép khong gi (SUS 304; 316;
420); hop kim nhdm (6061, 7075) hay vat liéu composite.

- Ngoai ra, chung t6i s& 4p dung k¥ thuat Kinh hién vi dién tir quét (SEM) dé

danh gia cac vét nit mai trong cac nghién ciru tiép theo.
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PHU LUC A

Tinh khéi lrgng twong dwong; dd cirng twong dwong; giam chin twong dwong

g 5 S
] Q| =
S
e PR IS R +— -o—l S PN N 1 .
1
25 | 38 | 45 20| 20| 45 [ 38 | 25 |
L 256 J

Hinh 1A. Théng sé hinh hoc cua truc quay
1. Khéi lwong twong dwong
Tién hanh khao sat doan truc 1 (d=10 mm, L=25 mm)

25

Khéi lugng cua mdi phan tir truc duoc chia déu cho 2 nat dau va cudi cua né (gia
dinh khéi lwong tap trung tai nat). Vi phan te ndt i va (i + 1), khéi luong:
Vector bac tu do Itc nay la:

gq=1[X1 Y2 @ X Y ag|”

Ta c6 cong thic tinh ham dang:
n
x(s) = ) Ni(s).x
i=1

Xuat phat tir cong thirc nang lwong dong hoc lién tuc, ta thuc hién cac budc
sau dé dua vé dang tong quat hé toan cuc st dung phuong phéap phan tir hiru han

(FEM):
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1 1t .
T = EfOL/oA(J'cz(s) + y2(s))ds +§f pl®?* ds
0

Trong d6: p: khoi luong riéng; A: tiét dién ngang; |: mdmen quan tinh tiét dién; L:

chiéu dai phan tir

Trong truong hop nay cho a, = ag = 0 nén vector bac tu do luc nay s¢ la:
gq=1[%a Ya x5 Y8 |7

Cong thirc dong nang lac nay sé la:

1 1 (L
T = EfOLpA.ch(s)als + E] pAy2(s) ds
0
Str dung ham dang ta c6 cong thic:
1
T =2 [y PALITNT (). N($){E} + (3TN (5)- N(s) 3] ds

Pua céc thanh phan khong phu thudc s ra ngoai tich phan, ta thu dugc:

1 L 1 L
T =G ( f pANT(S). N(s)ds) () +5 ) ( f pANT(s).N(s)ds> )

Phan tir trong ddu ngodc vudng chinh 1a ma tran khéi lwong phan tir M,:

M, = (j pANT(S).N(S)dS>

Vi {x(s) = N;.x4 + N,.xp
“y(s) = Ni.ys + Ny yg
Thay vao ham dang ta cé:

1.5 5 1k 5
Tzzfo pA.(N;.x, + N,.xp) ds+§j pA(N;.y, + N,.yp)*ds
0

Vector ndi suy:

x(s) = Nl [32] y(s) = 1|7
X, Y2
Thay vao phuong trinh:
1. . L .
T = Ef" pA(X"NTNx + y"NTNy)ds
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Trong do:
e N=[Ny N]
o X =[x xp]"

e y= [Va YB]T

Xa
e \ \ A As. o XB _ N 0
Tien hanh gom thanh ma tran khoi: g = vl vaN,, = 0 N]
VB

1 .. . .
T = Efo pAd"NT,.N,,.dds
Suy ra ma tran khéi lugng:
L
M= f pANE,N,,ds
0

Xét ma tran khdi luong theo phuong x ta co:

N, N.
", ]pA[ A 2]
N,N, N}

xl
Nl(x) - 1 - Zl

Ny(x) = 2‘6

fLNZd —fL(1 x)zd —fL PR PN
J = ) T L TE)"™ T 33

L L x\2 1 (L 1 13 L
Jszdx=j (—) dx = — xzdxz—.—:—
0 0 L

L d_L xxd_Lx de_lLd 1 LZd
J;Nl.Nz x—fo(l—z).(z) X fi_ﬁ X Zfoxx—(ﬁ)fox X
-0)-0)-
~\2/ \3/ 6

Thay vao phuong trinh khéi lugng theo phuong x ta co:

L
szpr
0

pAL [

| W~
w|t~o| =~
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Két hop theo phuong y ta c6 ma tran khéi luong tong lGc nay 1a:

2 010
pAL

B 0 2 0 1
M_61020
01 0 2

Ta c6 cong thuc tinh khéi luong tai nit:

k

i#j

1
m; = My + = M;;

2
1 pAL 5
m; = My, + My, +§(M13 +My,)=2+2+05(1+ 1))T = gpAL
Tuong tu:
5
m, = gpAL
Suy ra:

L; 5
m; = (—pA) dL
l L 6

Bang 1 két qua tinh toan khdi luong (g):

my m, ms my ms mg

13 28 67 30 67 28

2. bg cing twong duwong

Cong thirc nang lugng uén caa dam (Euler-Bernoulli):

1 (L d?q(x) 2
= — El
U 2,[0 <dx2 dx

Tinh xap xi chuyén vi theo ham Hermite:

Tién hanh chon ham dang bac 3:

q(x) = N;(x)x4 + Np(x)ys + N3(x)xz + Ny (x)yp
Vi
X4, V4. chuyén vi tai diém A; x5, yg: chuyén vi tai diém B.

N;, N,, N3, N,: la cdc ham noi suy Hermite.
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Ham dang chuén hoa theo toa do:

£ =% e [0,1]

Ni(§) =1-3§%+2¢°
No(§) = L(§ — 282+ &%)
N5(§) = 35;2 - 253
N4(§) = L(=§* + &%)
Tién hanh dao ham bac 2 caa N:
N,"(&) = -6+ 12¢
N,"(§) = L(—4 + 6%)
N;"(§) =6 —12¢
N,"(§) = L(=2+6%)
Trong do:
e Cac ham Ny, N,, N3, N, tuong tng véi chuyén vi tai cac nit,
o Viét lai dudi dang vector — ma tran:
q(x) = N(§).d
V6iN=[N, N, N3 Njvad=[Xa Ya Xz Ys]”
Pao ham bac 2 g(x):

d*q d*N 4
dx? dx?’
Do:
d
cox_a (D)
L dx d¢
nén:
d*N 1 d*N
dx? 2 dé&?

Thay vao cong thirc nang luong:

1
U==d
2
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Thay bién x = &L ta duoc

K_leI d2N\" (d?N L4 _Elfl d2N
A a7 ) \@ )15 =1 o \dé2

Ta c6 cong thac tinh tich phan phan ta caa ma tran:
1

Ki.=L3 .

N;"(ON;" (§)d§

Vi du tinh K;;:

TdZNd
)(F)f

EI (! EI (!
K, = L—3J0 (=6 + 128)2 dE = L_3j0 (36 — 144¢ + 144E2)dé

E

= 336§ — 728 +488°]; = 5 (36 - 72+ 48) = 12. 3

13

Tiép theo tinh cac phan tir ma tran con lai, sau khi tinh ta thu duoc:

1 ! L 1 ! L |
2 2
1 L 1 L? 1 L 1 L?
K= 12EI|> 3 2 6
w 1 1 L 1 1 L
2 2
1 1 1 1
L 12— ZI?
2 6 2 3
Ta tién hanh tinh moment quén tinh nhu sau:
md}
Ii =
64
Bang 2 két qua tinh toan Ii (m°)
11 12 13 14. 15 16 17
49.1071° | 1,0.107° | 4,1.107° | 6,4.107** | 4,1.107° | 1,0.107° | 4,9.1071°
Ta tién hanh tinh moment quan tinh phan cuc nhu sau:
ij - le
Bang 3 két qua tinh toan I, (m?)
Ipq L, I3 Ips Ips Ipe Ip7
9,8.1071% | 2,0.107° | 9,8.1071° | 12,8.1071° | 9,8.1071° | 2,0.1071°] 9,8.1071°
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Ta tién hanh tinh d6 cing tai cac diém nhu sau:

El
=T
El
kl == L_3
EI 2,1.10%.1,0.107° p
ky = 73 = T = 3,9.10°(N/m)
EI 2,1.10%.4,1.107° p
3 =L_3= 0.0453 = 9,4.10°(N/m)
EI 2,1.10'%.6,4.1071¢ 5
k=75 = — — 2,1.105(N/m)
EI 21.10'%.41.107° p
5 =L_3= 0.0453 = 9,4.10°(N/m)
EI 2,1.10'.1,0.107° p
ke =5 = T = 3,9.105(N/m)
El
k7 = L_3

Chon k; = k, = 7,5.10° theo tai liéu [104]

Tién hanh tinh d6 cing tai cac nit nhu sau:

K, =K,
(ky +ky)  —k, 0 0 0 0 07
—ky,  (ky+ks)  —ks 0 0 0 0
0 ks (ks+ky)  —k, 0 0 0
=| o 0 —ky,  (ky+ks)  —ks 0 0
0 0 0 —ks  (ks+ky) —ks O
0 0 0 0 kg  (kg+k;) O
0 0 0 0 0 0 k]

Cong thic: K; = k; + k;

K, =k, + k, = 7,5.105 4+ 3,9.10° = 4,7.10° N/m

K, =k, + k3 =3,9.106 4+ 9,4.10° = 1,3.10” N/m
Ky =ks+ ky=9,4.10° + 2,1.10° = 9,6.10° N/m
K, =k, + ks =2,1.105 4+ 9,4.10° = 9,6.10° N/m
Ks = ks + kg =9,4.10°43,9.10° = 1,3.107 N/m
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K¢ = ke + k; =3,9.10° 4+ 6,6.10° = 1,0.107 N/m
K, =k, = 7,5.10° (N/m)
Bang 4 két qua tinh toan do cang Ki (N/m)
K, K, K, K, K K, K,
4,7.10° |1,3.107 |9,6.10° |9,6.10° | 1,3.107 | 1,3.107 | 7,5.10°

3. Giam chin twong dwong
c= ZSM

Trong do:

& hé s6 giam chan

c : hé s6 lyc can (Ns/m)

k : d6 cang (N/m)

m : khéi lugng (kg)

Bang 5 két qua tinh toan giam chan tai cac phan tir (Ns/m)

1 Cy C3 Cy Cs Ce Cy

2,0 18,9 15,9 1,6 15,9 18,9 2,0

C6 duoc giam chan tai cac diém, tién hanh tinh giam chan tai cac nat nhu sau:

¢; = 2.0,01y/13.1073.7,5.105 = 2,0 Ns/m

¢, = 2.0,005,/228.10-3.3,9. 106 = 18,9 Ns/m

€3 = 2.0,005\/67. 1073.9,4.10% = 15,9 Ns/m

¢, = 2.0,005,/30.103.2,1.105 = 1,6 Ns/m

Cs = 2.0,005\/67. 1073.9,4.10% = 15,9 Ns/m

¢s = 2.0,005,/228.10-3.3,9. 106 = 18,9 Ns/m

c; = 2.0,005,/13.1073.7,5.105 = 2,0 Ns/m

125



-(Cl + Cz) _CZ 0 0 0 O
_CZ (CZ + C3) _C3 0 0 O
0 —C3 (c5+c4) —C, 0 0
= 0 0 —Cy (cq +C3) —Cs 0
0 0 0 —Cs (cs + cq) —Cq
0 0 0 0 _C6 (C6 + C7)
0 0 0 0 0 0
C@ng thuec: CU = C; + Cj
Ci=c¢;+ ¢c;=2,0+189 = 20,9 Ns/m
C, =c;+ ¢c3 =189+ 15,9 = 34,8 Ns/m
C;=c3+ ¢c,=159+1,6 =175Ns/m
C4_ = Cy + C5 = 1,6 + 15,9 = 17,5 NS/m
Cs =c¢s+ ¢ =159+ 18,9 = 34,8 Ns/m
Co =cCg+ c; =189+ 2,0 =209 Ns/m
C; =c; =2,0Ns/m
Bang 6 két qua tinh toan giam chan tai cac nat (Ns/m)
C; C, Cs Cy Cs Ce C,
20,9 34,8 17,5 17,5 34,8 20,9 2,0
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PHU LUC B

Thong sé cac thiét bi sir dung trong luan an
Bang 1. bic tinh thiét bi do ¢6 nham bé mat MITUTOYO SJ-210-178-390

Thuéc tinh Théng sé
Luc dau do 0,75 mN
Goc dau kim 60°
Ban kinh dau kim 2 um
Khéi luong 500 g
Hanh trinh do 17,15 mm, 5,6 mm [S]
Pham vi do 16 mm, 4,8 mm [S]
Chicu dai cap 1m Hinh 1. Thiét bi
Pham vi do t6i da (Ra) 360 pum MITUTOYO SJ-
Loai kim Diamond Tip 210-178-390
Ban kinh truot 40 mm

Bang 2. Théng s6 cua may do d6 cing Dechuan Rockwell HR-150A

Thugc tinh

Théng sé

Luc thir ban dau
Luc thu nghiém
Thang do do cung
Rockwell

Pham vi do

Xuat dir liéu
Tiéu chuan thuc hién

Chiéu cao mau thu tbi da
Khoang cach truc

Kich thuéc may

Trong lugng may

10 kof
60 kgf, 100 kgf , 150 kgf

HRA, HRB, HRC

HRA: 20-88,

HRB: 20-100,

HRC: 20-70

Poc bang dong ho chi thi
GB/T230.1, GB/T230.2,
JJG112

190 mm

160 mm

520 x 240 x 700 mm
Khoang 55 kg

Hinh 2. Thiét bi do do
cing Dechuan Rockwell
HR-150A
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Bang 3. Thong s6 cam bién Optical Sensor LK-G35

Thugc tinh

Thong sb

Mau

Khoang cach tham chiéu

Pham vi do
. Loai
Nguon :

san
g Ngo ra

buong kinh vét

(khoang céach tham chiéu)
Tuyén tinh

Kha nang lap lai 3

Thoi gian 1ay mau

Man hinh hién thi dén LED

Bién ddi nhiét do
Vat liéu
Khéi lwong

Chiéu dai buéc song

LK-G35

30 mm (phan xa khuéch tan),
23,5 mm (phan xa guong)
+5 mm (phan xa khuéch tan),
+4,5 mm (phan xa guong)
Laser ban dan mau do

4.8 mW
Xap xi 30 x 850 um

+0,05% cia F.S. (F.S.= +5 mm)*2

0,05 pum (0,01 pm)*3
20/50/100/200/500/1,000 ps

Gan trung tdm do: dén mau xanh
+0,01% cua F.S./°C (F.S.= £5 mm)

Puoc dac khuén nhom
280g (bao gom cap)

655 nm (anh sang nhin thay duoc)

Hinh 3. Cam

bién Optical

Sensor LK-
G35

Bang 4. Cam bién quang Laser (Laser Optical Sensor)

Thong s6 Gia tri
Tin hiéu dau ra K3 thuat s6
Dai tan sb (Hz) 1-5000
Khoang cach hoat dong ~ Téi da 5m
Ngudn cip [5V] 5V
Dong dién tiéu thu (mA) <30
Sut 4p [V] <04
B4ao vé ngan mach Co
Bao vé dao chiéu dién &p 15V — 1 phat
Nhiét d6 hoat dong [°C] 10 — 50
Nhiét d6 Iuu trit [°C] 40 — 85 . L=
Vit licu Nylamid Hinh 4. Cam bler_1 quang hoc
Trong luong 28 ¢ Laser (Laser Optical Sensor)
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Bang 5. Nam cham dién ZYE1-P100/40

Thuéc tinh Théng sb
M4 san pham ZYE1-P100/40
Dién &p cap 12VDC/ 24VDC
Cong sut 5W
Cong suat 12-13W
buong kinh 1000 mm (2000N)
Do day 40 mm (1000N)

Nhiét do téi da
Trong lugng

130°C
1000g

Hinh 5. Nam cham dién
ZYE1-P100/40

Bang 6. Bong co truc chinh FANUC AC spindle Moto Model 2S

Thudc tinh Théng sé
Hang san xuat Fanuc
Model 2S
M4 san pham A06B-0753-B100
Loal bong co AC truc chinh

Cong suat lién tuc
Cong suat ngan han
M®d-men xoin lién tuc
M&-men xoan cuc dai
Téc do thap nhat

Téc d tdi da

Dong dién dinh muc
Dong dién toi da

Tan s6 dinh muc
bién ap

Cép cach dién

Nhiét @6 lam viéc
Muc bao vé

Phuong phap lam mat
Ung dung

2,2 kW

3,7 kW

11,9 Nm

22 Nm

1500 vong /phat

8000 vong/phat

11A

15A

133,3 Hz

200V AC (3 pha)

F

40°C

IP44

Quat gio (Fan - cooled)
Dung cho truc chinh may
CNC, may gia céng chinh xac

Hinh 6. Bong co truc
chinh FANUC AC spindle
Moto Model 2S
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Bang 7. Cam bién luc dang chit S - Loadcell QAP TBS 200kg

Thudc tinh Théng sb
Ma hiéu TBS-200kg
Loai cam bién Loadcell dang chit S (S-Stype)
Tai trong 200kg
Tin hiéu dau ra 2,040,1 mV
bién ap kich thich 5-15 VDC thuong dung (10vDC) .
D6 tuyén tinh +0,03% F.S -
Do tré +0,03% F.S
D6 I3p lai +0,02% F.S

Nhiét d6 lam viéc
Vit liéu ché tao
bién tré ngb vao/ra
bién tré cach dién
Cap két ndi két ndi
Ung dung

-10°C dén +60°C

Thép hop kim ma niken

~380Q2/ ~350Q2

> 5000 MQ /100 VDC

4 day: Exc+, Exc-, Sig+, Sig-

Hé thdng can dién tir, do luc kéo-
nén, may thir vt liéu

Hinh 7. Cam bién luc
dang chir S - Loadcell
QAP TBS 200kg

Bang 8. Bo hién thi can dién tir (UTE Weighing Scale Indicator BSW-Q)

Thudc tinh Thong so
Model UTE BSW-Q
Chtic ning Hién thi gia tri cua loadcell
Don vi do a/kg
Tin hiéu Loadcell, tin hiéu £10 mV
dau vao
Ngudn cap ~220V AC (hoac 12-24VDC) S EEEECEE .
Giao tiep R8232: RS485 | o Himién i
, Do khoi lugng bang phuong phap chuyén doi  (Indicator BSW-Q)
Ung dung luc co hoc sang tin hiéu dién/ Hé théng tu

dong hoa dé giam sat va diéu khién.
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Bang 9. Bong co buéc SUMTOR 57HS7630A4

Thuéc tinh Théng sé

Model 57HS7630A4

Goc budc 1.8°/budc

S6 pha 2 pha

Dong dinh muc 3,0A

Pién tré moi pha 0,90+ 10%

Cam khang mdi pha 2,5mH + 20%

Moment 1,9N/m

Trucra @8mm .

Chidu dai Z6mm Hinh 9. Bong co budc
Dién 4p dinh mic 27V SUMTOR 57HS7630A4
S6 day 4 day

Loai két ndi Day roi hodc dau néi JST

Kich thudc mat bich 57x57 mm

Trong luong 1,1kg

Ung dung biéu khién vi tri tuyén

tinh, may CNC, ..
Bang 10. Encoder
Thuédc tinh Thong s6
Model Quang hoc (Incremental Optical

Tin hiéu ngd ra
bién ap

D¢ phan giai
buong kinh d
buong kinh D
Tinh hiéu dau ra
Téc do quay
Cap bao vé
Kiéu két néi
Vit liéu vo
Ung dung

Encoder)

A, B, Z (kénh vuéng pha)

5-24 VDC

1000 PPR

6 mm hoac 8 mm

38 mm /50 mm

Open collector hoac line Driver
6000rpm

IP50 — IP65 (tuy loai vo)

Cap 3/4/6 day hoic dau ndi chuan M12
Nhém, nhya cong nghiép

Po tbc d9, vi tri truc dong co

Hinh 10. Encoder

131



Bang 11. Cam bién tiém can LJ12A3-4-Z/BX

Thudc tinh Théng sb
Loai cam bién Cam @ng tir
buong kinh ren M18
Khoang cach 5-8mm
Tin hiéu ngd ra NPN hoac PNP (NO/NC)
Tan sb dap tng NPN (NO) '
Ngudn cap 6-36VDC
Tan s6 dap tng 500 - 1000Hz ﬂ\
Bén bao trang thai Led (d6 hodc xanh) - )
CAp bao vé P67 Hinh 11. Cam bién
Chiéu dai than 50-60mm tiém can LI12A3-4-
Két néi Cép 3 day ZIBX
Vit liéu vo Inox hoic hop kim, dau nhua
Ung dung Phat hién vat thé kim loai, gioi han

hanh trinh

[<]

1. Motor; 2. Encoder; 3.Man hinh HMI; 4.Cam bién senso; 5.Nam cham dién; 6.Cdn dién tir (LITE

Weighing Scale)

Hinh 12. May do d6 bén moi
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1.Khung may — 2. Optical Sensor — 3. Acceleration Sensor — 4.Rotor — 5.Motor — 6.
Encoder —7. Keyence Sensor — 8.DAQ — 9.May tinh

Hinh 13 Thiét bi thuc nghi¢m do dao dong
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