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MO DAU
1. Tinh cip thiét cia dé tai ludn an

Dao dong xoan (DPX) nguy hiém nhit d6i véi hé truc diesel tau thuy
trong tit ca cac dang dao dong trén hé truc. Tinh chét quan trong trong nghién
ctru DPX duoc thé hién trong nhiéu cong trinh nghién ctru trude ddy va ngay
nay tai cac qudc gia c6 nganh hang hai manh trén thé gigi nhu Lién Bang Nga
(Lién X0 cii), Ba Lan, Bulgaria, Nhat Ban, Ha Lan, Anh, Dtc, My, Trung
Quéc, Han Qudc,.... Nghién ctu DPX dé hiéu duoc tinh chat vat 1y cua
chung, trién khai tinh toan, kiém tra, do dac, giam sat, trang thai x04n cua hé
truc dé dam bao hé truc hoat dong an toan tin cay.

DDX la hién tugng vat 1y phuc tap, nguy hiém va luén dong hanh véi hé
truc chan vit khi hoat dong, chinh vi vy cdc co quan chuyén mon nhu Hiép
hoi cac t6 chirc dang kiém thé gidi (International association of classification
and societies, IACS) [14], trong d6 c6 ding kiém Viét Nam (VR, 2015) vé
phan cap va déng tau bién vo thép (QCVN 21:2015/BGTVT) [7]; Pang kiém
hang hai Nga (RMR, 2014) [34], [35], [36]; Pang kiém Nhat Ban (NK, 2014)
[10]; Pang kiém Hoang gia Anh Lloy’d (2014) [11]; Pang kiém Hoa Ky
(ABS, 2014) [8] déu dua ra cac quy dinh nghiém ngit vé DDX. Cac quy
pham ctia cac T6 chirc Pang kiém hang hai nay yéu cau phai tinh DBX hé
truc diesel tau thily c6 cong suat trén 110 kW, dong thoi phai tién hanh do
thuc té dé kiém nghiém su dung din va tin cdy trong viéc tinh DDX. Ngoai
ra, to chirc hang hai qudc té (IMO) con yéu cau quan 1y hiéu suat nang luong
tau (SEEMP) [15], b6 sung trong phu luc VI MARPOL, ¢ hiéu luc ké tir
ngay 01 thang 01 nam 2013, dwa ra nhiing yéu cau bat budc khi thiét ké dong
moi tau thity hodc hoan cai hé dong lyc tau thay phai trang bi thiét bi do cong
sudt, mé-men xoan (MMX) va sudt tiéu hao nhién liéu lip ¢ dinh trén tau

thuy.



Vi vay, do va phan tich DDX - rat quan trong va can thiét nham dé kiém
chung, giam sat tinh bén, d6 an toan tin cay cho hé truc diesel tau thuy va
chan doan tinh trang k¥ thuat cho toan tau, ddm bao khai thac tau mot cach an
toan, tin cdy cling nhu dam bao tai san va tinh mang thuyén vién.

Pé dap tmg cac yéu cau trén, trong diéu kién hién nay & Viét Nam, voi
muc tiéu hudéng dén 13 phai co cac thiét bi do MMX va phan tich DDX dong
co diesel 1a rat can thiét, c6 ¥ nghia khoa hoc va mang tinh thyc tién.

2. Muc tiéu nghién ctru ciia dé tai

Muc tiéu chung: Nghién ctru ché tao thiét bi hién dai do MMX va phan
tich DBX hé truc diesel lai chan vit tau thuy.

Muc tiéu cu thé:

Nghién ctru lya chon mdt phuong phap hién dai do tin hi¢u MMX phu
hop véi ndi dung nghién ctru cta dé tai.

Hoan thi¢n cong nghé do tin hifu MMX, xtr 1y tin hi€u do, dam bao do tin
cdy, chinh xéac cho thiét bi do MMX va phan tich DDX. Muc tiéu nay can giai
quyét cac van dé khoa hoc va cong nghé sau day:

+ Vé khoa hoc: Giai quyét bai toan sai s trich mau trong do va xir 1y tin
hiéu MMX/ DPX, tir d6 dé xuat mo hinh hoan thién cho xay dyng thiét bi do
tin hiéu nay; Giai quyét mot sb bai toan mé phong DPX lién quan dén ché tao
thiét bi: tinh DPX tu do dé x4c dinh ving tan sb cong huong va dang duong
tam bién dang xodn; mo phong tin hiéu MMX tong ctia dong co; xir 1y tin
hiéu DDX va MMX ¢ mién thoi gian va mién tan so.

+ Vé céng nghé: Phan tich, tong hop cau tric thiét bi do MMX/DDX phu
hop v&i cong nghé dién tir va truyén thong tién tién, tich hgp phan cimg, phan
mém duoc 14p trinh trén LabView (hdng National Instruments ctua Hoa Ky)

trong x4y dung thiét bi do vat Iy ciing nhu thiét bi ao.



Ché tao, thir nghiém thiét bi do MMX va phan tich DDX hé truc diesel lai
chan vit tau thiy tai Viét Nam, véi gia thanh thdp hon nhiéu so véi thiét bi
nhap ngoai.

Sdn pham tich hop, cu thé cin dat dwoc:

v Xay dung hé théng phan cimg (phan cimg tich hop véi phan mém do,

xu 1y, hién thi két qua do ban dau, luu trir dit liéu do).

v Xay dung hé théng phan mém xir 1y tin hiéu MMX do dugc, phan tich

DDX, USX trén doan truc do va cic nhiém vu khac theo yéu cau cia quy
chuan Viét Nam (QCVN) ciing nhu quy pham tuong tmg vé phan cip va

dong tau bién vo thép cua hiép hoi cac t6 chirc dang kiém qubc té (IACS).
3. Pdi twong va pham vi nghién ciru ciia luin an

Doi tuwong nghién civu

MMX va DBX trén cac h¢ truc chinh dung dong co diesel may chinh
(DME) lai chan vit tau thity bao gom:
- DME 2 ky thap téc cong suét 16n, lai truc tiép chan vit dinh budc.
- DME 4 ky cao/trung téc, cong suét vira va nho, lai chan vit dinh budc hay

bién budc thong qua ly hop/hop sd.

Pham vi nghién ciru

Do céc van dé lién quan dén bai toan rat rong va phtc tap, trong pham vi
nghién ctru ctia luan an tap trung giai quyét cac ndi dung chinh sau:
- Nghién ctru cac phuong phap do tin hieu MMX, lwa chon kiéu khong tiép
xtic bién dang xodn trén bé mit truc quay dé ap dung.
- Nghién ctru tinh toan, mé phong MMX hé truc diesel tau thyc.
- Nghién ctru sai s6 trich mau trong qua trinh do, loc nhiéu tin hiéu trong qua
trinh bién do6i tin hiéu tir mién thoi gian thuc sang mién tan s6 bang bién doi

Fourie nhanh (FFT).



- Nghién ctu ché tao thiét bi do tin hiéu MMX dé xac dinh USX trong pham
Vi Npin= Nimax cho 12 bac diéu hoa dau tién (DME 2 ky) va cho 25 bac diéu hoa
dau tién (DME 4 ky).

- Nghién ctru thir nghiém tai phong thi nghiém dong luc hoc diesel tau thuy dé
kiém tra tinh dung dén cua thiét bi ché tao.

- Nghién ctru thuc nghi€ém trén hé truc diesel lai chan vit tau thuc.

4. Phuong phap nghién ctru

Str dung cic phuong phap mo hinh hoa gidi tich va théng ké, 1y thuyét
dong co dbt trong, dao dong k¥ thuat, xir 1y tin hiéu s6 két hop véi cong nghé
dién tir va truyén thong hién dai cung v6i phan mém MATLAB, LABVIEW
va san pham cong nghiép cua hing National Instruments (NI, Hoa Ky). Két
hop gitra phuong phap 1y thuyét va thuc nghiém.

Nghién civu Iy thuyét bao gom: Phan tich lya chon phwong phéap do tin
hi¢u MMX trén doan truc quay ctia hé dong luc dong co diesel tau thuy; Xu
Iy tin hiéu MMX do duoc trong mién thoi gian va trong mién tan s; Dy béo
sai s6 trich mau va nhiéu khi do, xtr 1y tin hiéu MMX; M6 phong do va xir 1y
tin hiéu MMX khi c¢6 sai s trich miu va nhiéu.

Nghién civu thwe nghigm bao gom: Nghién ctiru ché tao thir nghiém hé
thong thiét bi do MMX va phan tich DPX dong co diesel lai chan vit tau
thuy; Nghién ctru thuc nghiém do va phan tich DBX ddng co diesel lai chan
vit; Tong hop, so sanh, phan tich va danh gia két qua thuc nghiém.

5. 'Y nghia khoa hoc va thuec tién

Y nghia khoa hoc

- Phan tich va danh gia cac yéu cau quy pham cta céc to chic ding kiém trén
thé gidi vé tinh va do MMX, USX ciing nhu ving cdm quay d6i véi hé truc

diesel lai chan vit tau thuy;



- Xay dung co s Iy thuyét vé tde do trich mau. Xac 1ap co sé toan hoc cho sai
s6 trich mau trong mot chu ky cong tac ciia dong co diesel 2 ky va 4 ky;

- Pua ra co s& khoa hoc va co s& cong nghé hién dai cho do MMX va phan
tich DBX. Giai ma cong nghé ché tao va noi dia hoa san pham cong nghé chat
lugng cao can thiét cho ché tao thiét bi lién quan;

- Ung dung thanh cong cong nghé phan cimg va phan mém LabView cta NI

trong ché tao thiét bi do MMX va phan tich DbX.

Y nghia thuc tién

- Thiét bi do MMX va phan tich DBX di dugc ché tao tir dé tai 1a co so dé
nghién ctru phat trién cac phuong phap do gidm sat va chan doan dong co
diesel tau thuy béng DDbX hé truc.

- Str dung két qua do MMX va phén tich DDX dé kiém chimg v6i bang tinh;
Danh gia tinh trang k¥ thuat hién tai cua h¢ dong luc diesel lai chan vit;

- Thiét bi do MMX va phan tich DDX s& dugc hoan thién dé phuc vu cho
nganh cong nghi€p dong tau, cling nhu trong khai thac hé¢ dong luc tau thuy,
cu thé dung trong: thir nghiém ban giao dudng dai; do danh gia trang thai k¥

thuat DME va gidm sat cong suét thuc cta hé dong lyc chinh.
6. Nhirng két qua dat dwoe va nhirng dong gép méi ciia dé tai luiin an

Nhiing két qua dat dwoc ciia ludn dn

- Ché tao thanh cong thiét bi do MMX va phan tich DDX hai kénh do trén co
s cong nghé cam bién bién dang (strain gauge) va cam bién quang, cong
nghé NI (b6 gép DAQ, phan mém nén LabView cung céc toolkits hd trg
khac) véi kich thude nho gon, hién dai, xach tay co dong va dé sir dung.

- Nghién ctru sai s trich mau va chting minh su can thiét phai c6 thém mot
kénh do pha — vén téc quay truc do MMX/DPX dé dé xuét cAu hinh thiét bi
do phu hop nhét cho do va xtr Iy tin hiéu MM X/ DDX hé truc.



- Xay dung co s¢ todn hoc va cac mo dun (VI, thiét bi 40) duoc lap trinh trén
LabView cho do va xu 1y cac tin hiéu do pha va bién dang dé thu duoc cac
dic tinh ma quy pham phan cdp va déng tau bién vo thép (twong ung voi
QCVN 21:2015/BGTVT) yéu cau.

- Cac két qua thu duogc trong thir nghiém, hiéu chinh thiét bi do tai Phong thi
nghiém dong luc hoc cua Vién Nghién ctru Khoa hoc va Cong nghé Hang hai
(Truong Pai hoc Hang hai Viét Nam) cling nhu trén tau Kiém ngu (do nha
may dong tau Hong Ha dong nam 2016 - 2017) trong qua trinh thr nghiém
ban giao dudng dai 1a tai liéu quan trong khong chi dung trong ché tao thiét
bi, ma con c6 ¥ nghia cho nghién ciru phat trién dé giam sat va chan doan
MMX/ DDbX trén hé truc diesel tau thuy.

- Thu duoc cac két qua md phong s6 MMX/ DPX trén hé truc dung diesel
may chinh (2 ky va 4 ky). Mo phong s6 hé truc ding DME - MAN B&W
6S46MC trén tau 34000 DWT duogc thé hién trong cac bao cdo khoa hoc
thudc danh muc cac cong trinh nghién ciru ciia tac gia lién quan dén luan an,
duogc chi ra trong phan phu luc 1.

- Trong qua trinh thyc hién dé tai, NCS di bao co duoc 9 cong trinh KHCN
trén céc tap chi chuyén nganh, tai cac ky yéu Hoi nghi KHCN c¢6 uy tin trong
nude va Quéc té va 01 Bé tai NCKH cip co s6.

Nhitng déng gép mdi ciia dé tai lugn dn

- Pé xuét co s khoa hoc va cong nghé cho ché tao (phan cing va phan mém)
trén co sé tem dan bién dang va cam bién quang, bo thu thap dit liéu (DAQ)
theo cong nghé WiFi ctia hang NI va phin mém nén LabView. Xdy dung
duoc phr:fm mém tu dong nhéan dang thiét bi ngoai vi, quan ly qua trinh do, xtr
1y nhanh thong tin trong khi do, Iuu trir dit li¢u do, doc va xur 1y tin hi€u do.

- Tich hgp thanh cong lap trinh m.file trong MatLab vao 13p trinh code
Mathscript trong LabView dé rat ngan thoi gian lap trinh code trong LabView



cho xay dung thiét bi, dac biét trong cong doan xu 1y tin hi¢u ) phtc tap co
tan dung cong cu todn hoc manh ctia MatLab.
7. Két cAu cia dé tai luin an

B6 cuc cua lun éan tién si k¥ thuat bao gém cac phﬁn chinh: Phian mé& dau;
Phan ndi dung (gém c6 04 chwong); Phan két luan va kién nghi; Danh muc
cac cong trinh dd coéng bd lién quan dén dé tai; Tai liéu tham khao va phan
phu luc.

Phén ndi dung chinh trong luan 4n duoc trinh bay gém 4 chuong:
Chuong 1. Téng quan vé thiét bi do MMX va phan tich DDX.

Chuong 2. Co sé khoa hoc va cong nghé cho ché tao thiét bi do MMX va
phéan tich DDX h¢ truc diesel lai chan vit tau thuy.

Chuong 3. M6 phong s6 va xir 1y tin hiéu MMX khi c6 sai s trich miu va
nhiéu.

Chuong 4. Ché tao thiét bi va thuc nghiém do MMX, phan tich DBX hé truc

diesel lai chan vit tau thuy.



CHUONG 1. TONG QUAN VE THIET BI PO MO-MEN XOAN VA
PHAN TiCH DAO PONG XOAN

1.1 Quy pham vé tinh va do dao dong xoin hé truc diesel lai chin vit
Nghién ctru ché tao thiét bi do MMX va phan tich DDX dong co diesel
lai chan vit nham dép Gmg yéu cau bat budc cua dang kiém qudc té va trong
nudc vé chuan giéi han trang thai Gng sudt bén xoan cta co hé cling nhu dua
ra cac giai phap k¥ thuat can thiét vé ving vong quay cam khai thac. Sau day
s& tong hop day du cac quy chuan Viét Nam [7] co su tham chiéu véi quy

pham ctia nuéc ngoai nhu Nhat Ban [10], Anh Quédc Lloyds [11], Nga [33]

lién quan dén ndi dung nghién ctru vé DDX.

Bang 1.1 Mt s6 yéu ciu co ban ciia Quy pham vé DPX hé truc diesel tau thiy

Cac yéu QCVN 21:2015/BGTVT Phén tich, danh gia
ciu, TCQP Chuwong 8. Dao dong xoin [7] vé DPX
Pbi twong | Hé dong co diesel c6 cong sudt | Ap dung cho cac thanh phan trong hé tryc
ap dung. N> 110 kW diesel lai chan vit
Béng tinh | (1) Bang tinh FTV (1, 2 nt) - Pua ra két qua tan s6 tu do va véc to
DbX (2) Tinh DPX cong huong: | dang dao dong.
Trinh Dang | - ney € At = [ Niminy 1.2Nmax] - Trong dai van tdc khai thac Ay tinh dao
kiem  khi | - Cong huéng didu hoa chinh: | dong cong hudng (bién do dao dong, img

tinh hé truc
méi hoac
hé truc coé
su thay do6i

dang ké.

- nch € Aktdm = [ 0.9 - lz]nmax

(3) B tri thtr ty khuyu tryc va
thtr tu nd

(4) Tinh ETV khi mét xy lanh
bat ki khong nd (piston niam
trong dong co) ma gay ra ung

suat cao nhat.

sut trén tat ca cac doan truc). Trén vung
vong quay khai thac dinh mirc Aygm, néu
c6 cong hudng didu hoa chinh sé tinh cac
thong s dao dong cong huong.

- Tinh dao dong cudng birc khi mdt trong
cac xy lanh bat ki khong chay (cum chi

tiét trong cac xy lanh van chuyén dong




chiu nén nhung ngat nhién liéu) dé xac

dinh DDX 16n nhét tai cac doan truc.

Do DDX.

- Po dé xé4c nhan d6 chinh xéc
ctia s6 liéu tinh;

- Néu bang tinh khong cin
trinh duyét, hoac Pang kiém
nhan thidy khéng c6 cong
huong trong pham vi khai thac
thi khong can tién hanh do
DDX thuc té.

- Can x4y dung ké hoach do va phén tich
DDPX doan truc trung gian dé kiém tra
ving tan sé nguy hiém (néu co), bién do
DDbX tai vong quay thir nghiém.

- Tién hanh so sanh nhitng khac biét giira
bang tinh va gia tri do murc Gng suat, mo-
men hay bién d¢ ting thi giéi han ng
suat do s& dudc xac dinh thay cho gia tri
tinh.

- Tién hanh do trong truong hop mot
trong cac xy lanh khong chay. Xay dung
T =T (Ngiesel) MPa

suat

Ung
cho phép
truc trung
gian, truc
day, truc
chan  vit.

Tinh theo

A = N/Nmax

- Céc gié tri cho phép d6i voi 3
loai tryc trén trong hé dong luc
diesel 1a may chinh dugc dua
ra theo cac pham vi: A € (0.8 +
1.05)va A <0.8

- Céc gia tri cho phép dua ra
d6i véi cac vat liéu khac nhau

trong ché tao doan truc nay.

Trong tung truong hop vong quay tinh
toan DBX, vat liéu st dung khac nhau

cho truc trung gian.

Tghg = T (A, vat ligu) - voi truc trung

gian dudi dang bang hodc d6 thi.

Tranh bac
cong huong

chinh

Xét riéng cho hé truc lai chan

vit

Kiém tra cong huong chinh va bién phap

tranh cong hudng chinh

Vung vong
quay cam

khai thac

Khi Ung sudt xodn vuot qua
gi¢i han cho phép. Dua ra

vung cam.

Giéi han ving vong quay cim khai thac.




- Ung sudt xodn cho phép truc trung gian, truc ddy va truc chan vit [ T tg

Theo QCVN chi dén viée tinh [z];;, khi dong co diesel lai chan vit hay lai

may phat dién, cling nhu tinh theo cac dai tan vong quay A = N/Npa. Thong

thuong ta tinh tai vong quay cong hudng ng, (Bang 1.2)

Bang 1.2 Ung suét xoin giéi han cho phép déi véi truc trung gian, truc day, truc chén

vit trong hé truc chinh diesel lai chan vit

Loai | (a) Diesel 4 ki thang hang hoic (b) Diesel 2 ki hoic 4 ki chit V khac kiéu so
chir V, bd tri 45° hoic 60° Vv6i (a)
A Vit liéu thép reén (trie thép khong gi).
A.l1 | Truong hop xylanh chay binh thuong A € (0.8 + 1.05)
Khi A € (0.8 +0.9) Khi A € (0.9 =+ 1.05)
7, +160 2 7, +160
r,=———0C, C,.(3-21 7;,=1.38—=——C,.C
1 18 «-Ca-( ) 1 18 k*~d
Ghi | 15 - Gi6i han bén kéo danh nghia cua vat liéu truc (MPa hay N/mm?).
chii Tri s6 ts khong duge 16n hon 800 MPa (600 MPa cho thép cacbon noi chung)
dbi véi truc trung gian, truc d:fly va 600 MPa ddi véi truc chén vit va truc 6ng bao
lam béng vat liéu chéng an mon hoac céc vt li¢u khac khong bi an mon boi
nudc bién.
Ck: Hé sb lién quan dén kiéu, hinh dang cua truc duge quy dinh trong [7], tr.70.
Cq: Hé sb lién quan dén kich thudc truc: C4=0.35 + 0.93d %2
d: Duong kinh truc (mm).
A.2 | Truong hgp c6 01 vai xy lanh khong chay A < 0.8
. 17.7,
2 (Ck .
B Vit liéu thép khong gi
B.1 | Trudong hop xylanh chay binh thuong A € (0.8 + 1.05)
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Khix e (0.8 +0.9) Khi A € (0.9 + 1.05)

(7) T1 = A —BA? T = C
Ghi | Tén vat liéu A B C
chii | SUSF 316

SUSF 316 40.7 30.6 15.9

SuU

SUSF 316 L

SUSF 316L 37.6 28.3 14.3

SuU
B.2 | Truong hop c6 01 vai xy lanh khong chay A < 0.8

T2 — 2.3.’[1

- Bdc cong huong chinh

Bac cong huong chinh ciia dao dong mot ntt trong dong co diesel théng
hang (vi du bac thir z d6i véi dong co hai ki va bac thir z/2 ddi voi dong co
bén ki (z 1a sb xylanh) khong duogc ton tai bén trong ving vong quay sau day,

trir khi duoc Pang kiém chap nhan riéng.
+ Dbi véi hé truc lai chan vit: 0.8 <A’ < 1.1
+ P6i v6i hé truc lai may phat dién: 0.9 <A’ < 1.1

A’: Ti s6 gitra s6 vong quay t6i han trén sd vong quay lién tuc 16n nhat.
- Ving vong quay cam
1- Trong trudng hop néu (ng suat DBX vuot qua gidi han cho phép T, quy
dinh & muc tng suat cho phép, thi phai ap dung ving vong quay cam giira cac
gidi han téc @6 sau ddy. Viung vong quay cam dugc danh dau bang son mau
d6 trén dong hd do toc do quay cua dong co dé chuyén nhanh qua khoi khu

vuc nay trong khi khai thac dong co diesel.
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(1) Vung vong quay cam phai giita cac giGi han téc do sau:

16n2:£n:£08-2)nc
18- 4 ° 16 (1.1)
Trong do

No: S vong quay cam (v/ph)

ne: S6 vong quay cong huang (v/ph)

A Ti s6 giira sb vong quay cong hudng trén sb vong quay lién tuc 16n
nhat.

(2) Déi véi chan vit bién budc, ca hai trang thai budc chan vit 16n nhat
va bang khong déu phai duoc xem xét.

(3) Vung vong quay cAm trong truong hop mot xylanh ctia may chinh
khong chay phai c6 kha nang cho phép hanh hai an toan ké ca khi
tau chi dugc trang bi mot may chinh.

2 - Néu dai vong quay duoc kiém tra bang cach do ma Gng suat vuot qua
gidi han cho phép 1, quy dinh & ing suat cho phép thi dai vong quay nay ciing
duogc coi 1a khu vuc vong quay cdm dé tranh cho dong co lam viée lau dai ¢
d6, bat ké dai vong quay quy dinh & -1. Khi d6, phai luu y dén d6 chinh xac
ctia d6ng hod do vong quay.

3 - Déi voi dong co néu nhu khong thé tranh duoc 1am viée lau dai & ving
vong quay cam nhu quy dinh & -1 va -2 trén thi phai cho dong co chuyén
nhanh qua vong quay cong hudng va phai dua ra cac bién phap can thiét khac.
1.2 Thyec trang tinh, do MMX va phan tich DbX
1.2.1 Thye trang chung

Theo quy pham dang kiém tau bién vo thép cta nhiéu nudc trén thé gioi,
trong d6 c6 dang kiém Viét Nam (VR) vé phan cip va dong tau bién vo thép
(QCVN 21:2015/BGTVT [7]); Pang kiém Hoa Ky (2014) [8], Pang kiém
Nhat Ban (2014) [10]; Pang kiém Hoang gia Anh Lloy’d (2014) [11]; Pang
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kiém hang hai Nga (2014) [34]; tir nhiéu nam trudc day dd dua ra yéu cau
phai tinh DDX hé truc chinh lai chan vit, may chinh 1a dong co diesel hay
dong co tua-bin, cling nhu dong co diesel lai may phat dién. Nhitng nam trudc
day khi tinh DBX hé truc diesel, chi xét truong hop diesel hoat dong binh
thuong véi tat ca cac xy lanh, thuc té da gip nhiéu su c¢b gy truc khi dong co
hoat dong voi mot sb xy lanh khong chay. Diéu nay di dit ra nhiém vu nghién
ctru 1y thuyét tinh toan DDX trong trudng hop mot sé xy lanh khong chay. Tir
nghién ctu 1y thuyét va kiém ching thuc nghiém, nhiéu co quan ding kiém
thé gidi d3 bo sung viée tinh toan va do dac kiém tra DBX khi dong méi,
hoan cai hé dong luc diesel tau thay. Vi dy, theo quy pham cta dang kiém tau
bién Nga phién ban gan day nhat (2014) [34] di thay d6i so v6i phién ban cii
(1995) [35] va (1978) [36].

1.2.2 Tinh mé-men xoin va phan tich dao dong xoin

Yéu cau phai xuét trinh cac hd so tinh DPX hé truc diesel tau thuy, dong
thoi phai kiém tra cac tiéu chuan can thiét twong ung (theo quy pham phan
cip va dong tau bién vo thép cua dang kiém Viét Nam trude ddy, hay hién
nay theo quy chuan k¥ thuat qubc gia) vé DPX vi mot sé nguyén nhan sau
day:
- M6 hinh toan - co viét cho co hé 1a md hinh c6 do chinh xac tuong dbi, véi
cac gia thuyét gan ding (gia thiét co hé quy do6i tuong duong vé n khoi lugng
tap trung nao do; cac gia tri cla cac dai lwong mo-men quan tinh khéi luong
(MMQTKL), hé s6 cting xodn (HSCX) va dic biét 1a hé s6 can xoan chi 1a
gﬁn dang, c6 sai s6. O day, h¢ sb can xodn co6 thé nhan céc gia tri khac nhau
trong pham vi rong theo cac cong thirc thuc nghiém ma nhiéu nha khoa hoc,
nhiéu vién nghién ciru, nhiéu nha may ché tao dua ra;
- Phuong phap tinh v&i bai toan phirc tap co cac hé s6 khong chuan tic

(khong xéc dinh cu thé, c6 sai s0) s€ c6 dd chinh xac khac nhau;
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- Trong tinh toan khong xét dugc cu thé cac yéu td anh hudng cia méi truong

thity dong hoc chan vit — vo tau dén DDX.

Nhu viy, qué trinh nghién ctru DPX luén dugc quan tim tir quan diém
tinh toan sao cho sat voi thyc té bang cach hoan thién dan phuong phap tinh;
hoan thién mo hinh tinh chi tiét dén mot s6 ddc tinh ddc biét nao d6 cla cac

thanh phan trong co hé ...

Céc truong phai nghién ctiru tinh DPX duoc ké dén tir cac nude Pong Au
cii (Lién X6, Bulgari, Ba Lan...) va tir mdt s nudc c¢6 nén khoa hoc cong
ngh¢ Hang hai phat trién hién nay nhu Ha Lan, Pan Mach, Nhat, Trung Quéc,
Han Quéc. Tuy nhién trong thuc té cac nha khoa hoc, céac hang san Xuét dong
co diesel va cac nha may dong stra chita tau déu tap trung giai quyét cac van
dé tinh DPX ma cic co quan Pang kiém yéu cau, d6 1a tinh DPX tu do
(FTV) theo phuong trinh vi phan (1.2) va DBX cudng buc (ETV) theo
phuong trinh (1.3) viét dudi dang ma tran cho co hé DDX tuyén tinh [4].

J.&+C.p=0 (1.2)

J. &+ B.&+ C.o = M(t) (1.3)

Trong do J - véc to MMQTKL tép trung; ¢ - véc to trang thai DBX; C -
ma tran hé sb cung xo0an va B - ma tran hé s6 can xodn; M - véc to mo-men
cudng buc sinh ra DBX cudng bic.

Céc két qua ctia cac qua trinh tinh dugc bao cdo dudi dang bang va d6 thi
tuong tmg [9], [13], [20], [22], [23] va [24]. Cac bang tinh tan s6 dao dong tu
do dugc thuc hién nhiém vu xéc dinh 2-3 tan sb dao dong riéng dau tién va
tuong (mg vai timg tan sb riéng 1a duong bién dang truc (c6 1, 2 hodc 3 tam).

biém dic biét quan tam la lan can diém tam, hiéu s6 gitra hai bién do dao
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dong tu do ctia hai MMQTKL bao quanh diém tdm d6 1a 16n nhat (vi cac bién

dd léch dau nhau). Tuy nhién, tai diém tam, bién do dao dong béng khong.

Tan sb va dang dao dong riéng ctia cac MMQTKL phu thudc vao mé hinh
dong hoc cua hé truc, & do dac trung boi cac gid tri MMQTKL va hé ) cung
xodn cua timg thanh phan co hé. Khi hé truc chinh thuc hién mot phuong an
khai thac nhat dinh, lac d6 co hé s& co cap cac thong $6 quan trong can x4c
dinh vé DPX tu do cta no, do 1a tan sb dao dong riéng oy}, ] = 1, 2, 3; va dang

dao dong ty do twong tmg oj, 1 =1,2,...,n;j=1,2,3... [4].

Cac phuong an khai thac khac nhau cua hé truc chinh diesel lai chan vit
trén cac tau hang cong suat 16n, dung dong co diesel 2 ky thap tdc lai truc tiép
chan vit thudng dugc thiét ké c6 may phat dién dong truc 1am viéce, khi dong
co hoat dong 6n dinh trén bién. Tai ché d6 khai thac nay, hé truc gém DME
déng thot lai chan vit va lai may phat dién, moé hinh dong hoc DPX s& 1a m6
hinh r& nhanh. Khi DME ngat khong lai may phat dong truc nita, co hé DBX
theo mo hinh théng. Pdi v6i hé truc chinh dong co diesel trung cao tdc lai
chan vit qua hop giam tdc, ¢ st dung ly hop hodc hé tryc lai chan vit bién
bude, mdi truong hop khai thac dic trung trong tap hop cac dai ché do khai
thac hé truc chan vit déu la truong hop cu thé can nghién ctru tinh toan DDX

n6i chung va DBX tu do ndi riéng cho co h¢ do.

Pé tinh DPX cudng buc can xac dinh duge md-men cudng birc (md-men
xodn kich thich) tai timg khdi lwong tap trung ciia md hinh. Dbi v6i co hé
nghién ctru, mo-men cudng birc can xac dinh 1a mé-men cudng bic quy doi
tai tung khuyu truc cia cac xy lanh va MMX cudng buc tai chan vit. M6-men
quy ddi tai tmg Xy lanh gdm céc thanh phan cudng buc sau:

- M6-men do luc khi thé sinh ra (got tat 12 mo-men khi thé, Mj gas), mO-men

khi thé nay tinh theo lyc khi thé tac dong lén dinh piston, duoc xac dinh theo
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gia tri tinh toan hay gia tri do cua ap suét trong budng ddt theo goc quay truc
khuyu (gqtk).

- Mé-men do lyc quéan tinh sinh ra (cac khéi luong tham gia chuyén dong
song phang, quy ddi vé thanh mot khdi lwong mat can bang, dat tai diém dit
piston), mé-men nay goi 1a mé-men quén tinh, M;4(t). Theo hd so dong co
thuong co6 thong tin vé khbi lugng mat can béng (kg), tir do ta tinh dugc luc

quan tinh quy d6i theo dinh luat hai Newton.

Trong cac bang tinh DDX & cac tai liéu tham khao: [9], [13], [20], [21],
[23], ... déu khong xét dén thanh phan mo-men cudng bic quan tinh, ma chi
quan tdm dén thanh phan md-men khi thé. Cac bang tinh déu khong dua ra s6
lidu cu thé cua bién do va pha timg diéu hoa cia moé-men khi thé. Theo cach
tinh truyén théng trudc ddy thuong dung d6 thi mbi quan hé giita bién do va
pha ctia cac diéu hoa theo ap suat chi thi binh quan cua dong co. Phuong phap
nay c¢6 do chinh xac khong cao, kho tinh dugc ty dong. Chinh vi vay mot s6
cong ty tinh DPX chuyén nghiép da xay dung phan mém tu dong tinh céc

thanh phan cta lyc cudng birc diéu hoa theo dd thi chay cia dong co.

Thanh phan MMX cudng birc do chén vit sinh ra trong cac bang tinh bao
c4o Pang kiém ciing khong dé cap dén. Tuy nhién, trong nghién ctru, mot sb
nha khoa hoc st dung cong thic thuc nghiém dua ra tir Vién nghién ctu
Hoang gia Anh [33]. Trong cong thic tinh DBX cudng buc (1.2), thanh phan
mo-men can duoc quy ddi vé cac hé sd trong ma tran B (md-men can ti 18 voi
dao dong van toc goc). Cac hé sb nay bién doi trong pham vi rong va dugce
cac tai liéu chuyén vé tinh DPX dua ra [33], [40]. Cac hé sd can dugc phan
tich va dua vao bang tinh dudi dang hé sé can ngoai va hé sb can trong [13],
trong khi d6 hau hét cac bang tinh khac chi xét dén hé sd can ngoai [9], [21],
[23]. Cac hé s6 can ngoai by .1 (Nms/rad) thuong duogc tinh dén do tinh chat
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can cua vat lidu truc gitta cic MMQTKL, con hé sb can trong by (Nms/rad)
tap trung tai cic MMQTKL. M6 men can do cac thanh phan can trong va

ngoai:
M, =b¢; Makka = by (G0 — %) (1.4)

H¢ s6 can ngoai hau nhu chua duoc céc tai li¢u nghién ctru cong bo, trong
khi d6 cac hé s6 can trong doi voi dong co diesel dugc mot s6 nha khoa hoc
dua ra [33], [40]. Hé sO can xoan do chan vit sinh ra dugc dua ra boi nhicu

nha nghién ctru khac nhau va duoc tap hop trong sach chuyén khao [33].

Trong nghién ctru tinh DDX, dé giai phuong trinh (1.3), cac nha khoa hoc
da sir dung nhiéu phuong phap khac nhau nhu phuong phap mé hinh hoa giai
tich, m6 phong s6. Tir nhitng nim 70 - 80 thé ky XX, viéc tinh DPX v cing
khé khan vi chua c6 cac cong cu manh cia toan hoc va may tinh hién dai.
Tinh DPX hau nhu thi cong hodc ban ti dong nho 1ap trinh trén ngdn ngit
Fortran hodc Basic, trén hé may tinh cd dién, cong kénh, toc do thip bang
phuong phap giai cii, lac hau. Tiép sau do, trong nhitng nam 90 cua thé ky
XX, nho c6 may tinh hién dai hon, tdc d6 cao hon va da xay dung cac thuat
toan manh hon vé giai tim nghiém da thitc bic cao, giai hé phuong trinh tuyén
tinh bang phwong phap ma tran, ... d dugc trién khai trong cac phan mém mo
phong, phan mém chuyén dung nhu TUTSIM, PS, MCAD, MATLAB, ...
giup cho viéc tinh toan, nghién ctru DDX duoc thuan tién va dé dang hon
nhiéu.

MATLAB, MCAD, ANSYS hay cac phan mém khic déu mang tinh hd
trg dé tinh toan, mo phong DPX trong thi nghiém, nghién ctru, chung thiéu di
tinh chuyén dung ctia mot phan mém Gmg dung chuyén cho linh vyc xiy dung

thiét bi do hién dai, ung dung cho ché tao thiét bi do, trong d6 co thiét bi do
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va phan tich MMX, DBX chuyén nganh dong tau va ding kiém hé truc may
tau thuy.

Cac hang 16n trén thé gidi déu sir dung cadc phan mém tinh DDX riéng cua
minh theo cac yéu cau ctua dang ki€ém quoc té cling nhu moét s6 dang kiém cua
cac nudc s¢ tai. O Viét Nam, chua xay dung duoc phan mém tinh nao ma

dang kiém Viét Nam cling nhu nudc ngoai cong nhan.

Vé phuong phap tinh DPX ¢6 thé ké dén cac cong trinh khoa hoc cua céac
nha nghién ctru noi tiéng trén thé gigi GS.TSKH. Istomin P.A (1986, Dao
déng xodn cia dong co dot trong tau thiy, Leningrad, LBNga), GS. Minchev
N.D (1983, Bulgari) va hoc trd ctia cac gido su. Noi dung trong nhiéu luan an
tién si chuyén nganh (pho tién si truéc day) ciing nhu trong cac luan an tién si
khoa hoc dd nghién ctru phat trién va hoan thién phuong phap tinh DDX hé
dong luc diesel tau thuy hién dai [3], [33].

Vé nghién ciru DDX h¢ truc diesel tau thuy tai Viét Nam cé thé ké dén
cac nha khoa hoc nhu: PGS.TSKH. B4 Puc Luu; PGS.TS.Nguyén Vinh Phat;
TS.Quan Trong Hung (Pai hoc Hang hai Viét Nam); GS.TS.Pao Trong
Thang; TS.Nguyén Ning Thing (Hoc vién K§¥ thuat Quan sy); TS. Nguyén
Dinh Tudng (Vién k¥ thuat Hai quan) da nghién ctru cac van dé:

- Tan s6 riéng cua DDX tu do, cac dang cua DDX tu do;

- Nghién ctru giai cic bai toan DPX cudng buic, cong huong va gan cong
hudng tir d6 rat ra viing khai thac c6 ung suat xoan nguy hiém. Cac phuong
phéap md hinh hoa ning luong twong duong; phwong phéap hai 1an mé hinh va

phuong phap hé toa d6 chinh [4], [33].

- Ung dung md hinh khong gian ANSYS dé khao sat DDX;
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- Cac yéu t6 ngau nhién trong qua trinh 1ap rap, ché tao dén bién d6 dao dong

cua cac khoi luong;

- Nghién ctiru DDX & cac ché do dong co diesel 1am viéc binh thudng va ché

do diesel co Xy lanh khong chay.

1.2.3 Po MMX va phan tich DPX

Vé thiét bi do MMX véi muc dich phuc vu nghién ctru khoa hoc, tai Dai
hoc Hang hai Viét Nam da dau tu lap dat thiét bi do MMX dang phanh thay
luc, tiéu hao cong suat (kiéu tiép xtic), OMEGA 1500 (hinh 1.1).

Hinh 1.1 B$ do MMX Kiéu phanh ham thity lwe Omega 1500

Thiét bi trén hinh 1.1 13p dat tinh tai trén bé thir, ndi véi truc dong co qua
khép ndi bich cung. Néu dit ra muc dich ung dung do trén hé truc céc tau
khéc thi thiét bi nay khong thé sir dung dugec.

Pbi véi kiéu do MMX kiéu khong tiép xtc (khong tiéu hao cong suit)
bang phuong phap tir truong nhu hinh 1.2 ciing di duoc ché tao cach day 30
nam, dugc lap trén cc tau bién trong nhimg nim cudi thé ki XX, & Viét Nam
tau huén luyén SAO BIEN cling dugc trang bi thiét bji do MMX loai nay.
Vién Cong nghi¢p tau thuy (Vién CNTT) Viét Nam, trudc day da nhap mua
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theo dy an dau tu cta chinh phu khi Tap doan Cong nghiép tau thuy Viét
Nam dang hoat dong manh thiét bji do MMX theo phuong phéap tem dan bién
dang, truyén tin hiéu khong day bang song radio. Tai Viét Nam khi d6 dong
thuong xuyén nhiéu tau van tai bién chd hang téng hop véi trong tai dén

54000 tan.

Hinh 1.2 Thiét bi do MMX dang tir truwong lip trén tau Sao Bién
1. Truc can do MMX: 2, 3. Pia sdt tir; 4, 5. Bo chuyén doi cam ung

Thiét bi do DPX (kiéu khong tiép xtic dang twong tw) nhap ngoai di phat
huy tinh ning ctia minh nhung gia thanh qua cao. Pay 1a thiét bi do DPX
dang tem dan bién dang x0dn trén bé mit truc va tin hiéu dugc truyén qua
song radio bang cac anten phat va thu. Theo kinh nghiém ctia Vién CNTT,
mdi 1an do DDX thyc té chi phi khoang 100 triéu dong.

- Trén thé gii co mot sé hang chuyén san xuit thiét bi do MMX kiéu tem
dan hoat dong theo nguyén tic cau wheatstone, bd phat tin hiéu bang cam
bién Ung sut xodn - bién dang trén bé mit truc - chuyén thanh tin hiéu dién
ap dang tuong tu (analog) nhu ctia Vién CNTT di mua. B thu bang nam
cham dién khong tiép xuc trén stator, tin hiéu nay chuyén thanh tin hiéu s6

dua vé& phan mém xu 1y va hién thi két qua nhu Seatechnik Torsionmeter
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TSX5 cua Sea-Technik Ltd (Anh Quéc) [50]; Torsion Power Meter TPM2
cta Binsfeld (M) [43]. Hién nay trén cic do6i tau hién dai cong sudt 16n cua

cac nude phat trién di 1ap dat hé thdng do lién tuc va giam sat MMX bang k¥

thuét sd kiéu quang hoc, hoat dong b::ing dién tu 14 loai khong tiép xuc dang
k¥ thuat sé nhu loai Series 420 ctia Hang Datum Electronic (Anh Qudc) [51];
T-Sense cua VAF (Ha Lan) [55].

led
mdy do

vong gin két

Hinh 1.3 Thiét bi do MMX dang quang hoc T-SENSE ciia hing VAF [55]

Céc thiét bi trén phan 16n 1a cac thiét bi do MMX ¢6 dinh lap dit sin trén
duong truc cta tau, chua théa man tinh co dong khi cac don vi c6 nhiéu d6i
tau cling nhu bat tién cho cac nha may sira chita va dong tau can st dung thiét
bi do cho nhiéu loai tau khac nhau, nhiéu duong kinh truc khac nhau, gia
thanh thiét bi lai rit cao (khoang 55,000 USD/bo chua bao gém chi phi lap
dit, chuyén giao cong nghé tai cac nudc hay tai tau) va dic biét khé khin cho
cac tau co cong sudt vira va nho vi trinh do ngoai ngit cua cc thuyén vién trén
nhiing tau nay con nhiéu han ché nén tiép can cac thiét bi ngoai nhap hét strc

kho khin, anh huong dén viéc do va phan tich DDX.
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Tai Viét Nam, phﬁn 16n cac nha may dong tau, cac don vi stra chira tau
cling nhu céc chii phuong tién thay gan nhu chwa quan tdm va chua dé y dén
tin hiéu quan trong MMX trén truc ra cua dong co, vi chua dugc trang bi thiét
bi do MMX va phén tich DDX khi lap dat méi hé truc, thir tau ban giao ¢
giam sat cua to chtrc dang kiém trude khi dua vao sir dung voi toan dai vong
quay khai thac tir tbi thiéu dén cuc dai, ciing nhu kiém tra trang thai k¥ thuét
may lién quan dén MMX (cong suat may) trudc va sau khi stra chita tau hay
dong madi. Hién chua c6 mot ca nhan hay to chic nao ¢ Viét Nam cong bd
ché tao thiét bi do va phan tich DPX dong co diesel lai chan vit tau thity. Cac
don vi sit dung mudn dau tu thiét bi, ¢6 thé tim mua tir cac hang ndi tiéng trén
thé gidi nhu hé thdng do MetaPower ctia Kongsberg (Na Uy) [45]; Hé thong
do T-Sense ciia VAF (Ha Lan) [55] hay hé théng TPM2 cua Binsfeld (M)
[43] hoidc cac hiang khac trén thé gidi. Tuy nhién, gia thanh qua cao va ching
ta cling khong 1am chu dugc khoa hoc cong nghé ciia thiét bi ngoai nhap.

Xuét phat tur thuc té d6, NCS dit ra nhiém vu nghién ctru ché tao thu
nghiém thiét bi do MMX va phan tich DBX ddng co diesel lai chan vit tau
thuy, lam chu khoa hoc cong nghé va hudng t61 ndi dia hoa san phém tal Viét
Nam voi gid thanh thip hon hang ngoai nhap, 1dp dit va st dung dé dang,
kich thuéc nho gon, c6 thé sir dung cho nhiéu tau khac nhau va 6 thé st dung

tai phong thuc hanh, vién hodc cac truong dai hoc trong nude.
1.3 Cac phwong phap do mé-men xoin hién dai

Xét vé ban chat vat Iy, MMX c6 thé do dugc bang nhiéu phuong phap
khac nhau nhu do truc tiép bang cac bo bién d6i mo-men (torque transducer)
cling nhu cac bd do MMX gén lién truc quay (torsion dynamo-meter) hay cac
bo bién d6i mo-men (torque converter)... nhung cac phuong phap nay khong

pht hop dé 1ap trén hé truc diesel tau thity lai chan vit khi dong méi va/hoic
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khi thtr tau sau sta chira. Vi thé trong phan nay, chi tap trung gidi thiéu
phuong phap do do 1éch goc giita hai mit cit trén mot doan truc va phuong

phap bién dang xoén trén bé mit truc trung gian, cu thé nhu sau:

(1) Po bién dang xodn bang cdc tem dan bién dang (tenzometer, strain gage).
Do bién dang bé mat trén truc quay c6 thé do bang cac tem dan @ng suat
dang mach cau wheatston c6 bu nhiét va truyén séng radio (RF) qua céac

b thu phat khong day.

(2) Po dj léch géc xodn kiéu tir truong (magnetic; magneto-elastic); hoic

kiéu quang hoc (optical).

Do 1éch goc c6 thé duge tinh qua tich phan do 1éch véan téc goc hodc qua
tich phan hai 1an do 1éch gia toc goc giira hai mat cit do thong qua cac cong
nghé hién dai gan day nhu Encoder (xung), MPU: Manegtic Pick Up (tur
truong) hay Optical (quang hoc).

Khi dung kiéu tir truong (MPU) tin hiéu do duogc 1a tin hiéu twong ty, con
tin hiéu do bang quang hoc (Optical) 1a tin hiéu sb phu thudc vao dic diém cu
thé cta timg loai ma ching ta phan loai ra tin hiéu dao dong chuyén vi goc,

van tdc goc hodc gia tde goc.

Nhu vay: Do tin hiéu MMX trén truc trung gian c6 thé thuc hién theo 02
phuong phap khac nhau: Theo nguyén 1y bién dang ung suit xodn trén bé
mat hay theo do 1éch goc xodn. Bang 1.3 sau day s& di sdu phén tich uu
nhuge diém cta hai phuong phap do hién dai trén, dé tr do lua chon mot

phuong phép pht hop cho nghién ctru ciia dé tai.
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Bang 1.3 Phan tich wu nhwge diém 02 phwong phap do MMX hién dai

PHUONG PHAP PQ LECH GOC
(Ter trwong/quang hoc)

PHUONG PHAP BIEN DANG XOAN
(Tem ddn bién dang)

C6 kha ning truyén phat tin hiéu s6 dé
dang, cong ngh¢ vi xu ly

C6 kha ning truyén phat tin hiéu twong tu
dé dang, cong nghé truyén phat khong day

Dé luu trit va phan tich dit liéu trén
may tinh, két hop vao diéu khién giam
sat hé théng va mang dir li¢u tur tau dén
cong ty quan 1y tau.

Dé luu trit va phan tich dir liéu trén may
tinh, két hop vao diéu khién giam sat hé
théng va mang dir liéu tir tau dén cong ty
quéan ly tau.

Yéu cdu moi truong lam viée IP65

Phu hop trong méi trudng ap suat, ndng do
hoi dau va nhiét d6 cao

Yéu cau cao veé lap dat va hiéu chinh

Lap dat don gian, dé dang hiéu chinh

Ung dung cho timg trudng hop dudng
kinh truc cu thé, lép dat ¢ dinh

Co6 kha nang co dong, ung dung rong rai
cho cac duong kinh truc khac nhau, phu
hop v6i viéc thu tau

Két qua do phu thudc vao do kin khit
clia cam bién, can ¢ vong lam kin nhat
1a kiéu do quang hoc va do chinh xéc,
kinh nghiém khi lip ddt cam bién

Két qua do phu thude nhiéu vao loai vat
liéu truc quay, kiéu truc, do sach bé mat
truc, tbe do quay

Khong phai bdo dudng thuong xuyén

Can phai kiém tra bao dudng dinh ky

Két cau cong kénh, can c6 cac bo ga
phu hop véi cac truc c6 duong kinh
khéc nhau

Két cau nho gon, gén truc tiép trén truc
quay

Gi4 thanh twong dbi cao

Gia thanh thap

Qua phén tich wu nhugc diém ctia 02 phuong phap (bang 1.3) ¢ thé lwa

chon phuong phéap bién dang xodn trén bé mit truc do dé nghién ciru trong
dé tai luan an vi nhitng wu diém vuot trdi ciia phuong phap nay:

- Khéng tiéu ton cong sudt trén truc, dap Gmg vi khi hau budng may
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- Cb thé ung dung rong rai trén cac loai duong kinh truc khac nhau, thich
hop khi thuc nghiém nhiéu 1an, & nhiéu noi khac nhau, dé kiém chang
két qua cho cac lan do.

- Tinh phd bién cua phuong phap do nay hién nay dang ap dung rong rii
trén thé gidi.

- Dic biét 1a chi phi thip nhit trong cac phuong phap do, cang phu hop Vi
muc dich nghién ctu thyc nghiém duoc nhiéu lan.

Nhitng nim truéc day, phuong phap thu thap va truyén dir liéu tin hiéu
MMX do dugc thong thuong bang cong nghé song tan (RF) nhung hién nay
nhd cong nghé truyén thong phat trién manh nén rat thuan loi dé st dung
cong nghé truyén tin khong day (Wifi) khi ché tao thiét bi do MMX. Hai cong
nghé c6 thé ap dung cho ndi dung nghién ctru cia dé tai duoc thé hién trén

hinh 1.4 nhu sau.

SENSOR

CPU

BIEN

DAQ .
DANG - e )

XOAN
RE

(Iruven thong)

SENSOR 1
D \(_)l I

Khung (Chasis)

BIEN
DANCG
NOAN

WiFi §
! - CPU

(NI - National Instruments, USA)

Hinh 1.4 Cong ngh¢ thu phat tin hiéu MMX va phan tich DX

Tom lai, phuong an lya chon hop 1y cho nghién ctru thiét ké, ché tao thu
nghiém thiét bi do va phan tich DDX dong co diesel lai chan vit tau thuy tai
Viét Nam bang phuong phap bién dang xoén trén bé mit truc trung gian 1a co

¥ nghia thyec tién cao.
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1.4 Phén tich tin hiéu dao dong xodn

Muc tiéu quan trong cta do tin hiéu MMX 14 xir 1y tin hiéu nay dé thu
dugc thong tin DDX trén cac doan truc, sao cho USX trén tat ca cac doan truc
déu khong vuot qua gidi han cho phép tuong tng véi timg doan truc do.

Thong thudng ching ta trién khai do tin hiéu MMX & mot vi tri nao d6
(thuong 1a & doan truc trung gian), tai do c6 khong gian cho phép chung ta
trién khai 1ap dit thiét bi do, mat khac phai dam bao sau khi do, luu trit tin
hiéu do duoc, chiing ta c6 thé dung chung dé tiép tuc xt 1y tin hiéu, xac dinh
cac DbX, USX trén doan truc do.

Thir nhét, vi tri do DDX trén doan truc khong nam tai “tam”( hay “node”)
ciia duong bién dang, c6 nghia 13 tai d6 bién d6 dao dong tu do phai khac
khong.

Th hai, tai ché do dao dong cong hudng ta thu dugc bién do DBX 1a 16n
nhat, nguy hiém nhat, cic DDX cong huong déu “dong pha” véi nhau, c6
nghia 1a khi ta do dugc dao dong tai mdt vi tri do, céac vi tri khac (MMQTKL)
s& dugc suy dién tuong tu.

Nhu vy, van dé xac dinh USX tai tit ca cac doan truc déu tap trung &
khau tinh bai toan DPX ty do va xt 1y tin hiéu MMX do duoc vé dang DDX
bién do6i trong mién tan s6 (qua phép FFT). Viéc xir Iy tin hiéu MMX dé thu
duoc USX thé hién theo mbi quan hé gitra bién dang xoin — MMX va USX da
biét trong chuong trinh co k¥ thuat va sirc bén vat liéu.

1.5 N¢i dung nghién ctru

Nghién ctru thiét ké ché tao thir nghiém thiét bi do MMX va phan tich
DDX dong co diesel lai chan vit phai dua vao cac yéu cau cta hiép hoi cac to
chtrc dang kiém trén thé gi6i, trong d6 c6 quy pham QCVN21: 2015/BGTVT.
Tir d6 dua ra két qua tinh USX va so véi USX cho phép dé cac co quan ding

kiém xem xét cap gidy ching nhan vé DDX.
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N@i dung co ban can thgc hién trong ludn dn:

(1) Phan tich, Iya chon phuong phap do MMX hién dai, dap ung QCVN va
cac tiéu chuan qudc té, phu hop véi cong nghé tién tién trén thé gidi va phu
hop véi diéu kién Viét Nam - Phuong phap tem dan bién dang, truyén tin hiéu
do bang phuong phap Wi-fi.

(2) Nghién ctru co s 1y thuyét va cong nghé do, phan tich tin hiéu MMX/
DDX trén hé truc dong co diesel lai chan vit. Pua ra yéu cau ky thuat, yéu cau
cong nghé doi voi thiét bi can ché tao.

(3) Xay dung so do nguyén 1y cau tao thiét bi. Lya chon ciu hinh va cac
tinh ning quan trong can dat duoc cua thiét bi va ting bd phan chirc nang.

(4) M6 phong, tinh MMX, DBX ddng co diesel lai chan vit tau thuy.

(5) Nghién ctru thiét ké thiét bi do MMX va phén tich DDX can ché tao.

(6) Nghién ctru thuc nghiém dé kiém tra, danh gia va hiéu chuan thiét bj.

1.6 Két luan chwong 1

Tir phan tich tong quan néu trén ching ta rit ra két luan sau:

- Quy pham cuia cic to chirc dang kiém hang hai quéc té ciing nhu trong
nudc déu yéu cau bit bude phai tinh va do DPX hé truc diesel lai chan vit tau
thuy khi dong mdéi1 hodc hoa cai tau. Chinh vi vy, viéc nghién cuu DPX la
mot nhiém vu hét stc can thiét hién nay.

- Nghién ctru DPX dé xac dinh ving vong quay cong huong d6i véi hé truc
diesel tau thay (néu c6), tir 46 dua ra khuyén cdo trong van hanh khai thac hé
dong lyc tau thuy nham dam bao an toan bén xodn cho cac doan truc trong co
hé.

- Pé tai cua ludn an: “Nghién cuu ché tao thiét bi do mé-men xodn va phan
tich dao dong xodan hé truc diesel lai chén vit tau thuy” co tam quan trong,
tinh cép thiét, y nghia khoa hoc va thyuc tién ddi véi tinh hinh, diéu kién tai

Viét Nam.
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CHUONG 2. CO SO KHOA HQC VA CONG NGHE CHO CHE TAO
THIET BI PO MO-MEN XOAN VA PHAN TiCH DAO PONG XOAN
HE TRUC DIESEL LAI CHAN VIT TAU THUY

2.1 Co 6 1y thuyét va cong nghé cam bién bién dang xoin bé mit truc
2.1.1 Xac dinh MMX, USX trén doan truc
2.1.1.1 Xdc dinh MMX va USX theo bién dang géc

Poan truc c¢6 chidu dai L (m), md dun dan hdi truot vat liéu G (N/m?),
duong kinh d (m), chiu mot mé-men M (N.m). Khi @6 doan truc chiu mot
trng suit xodn t (N/m?).

Ta xac dinh cac moi

quan hé gitra cac dai luong AR /7 \
5/ 1 AL Y
trén (Hinh 2.1). /[ s &
. 8 |y
b0 cing xoan C cua
[
doan truc (N.m/rad) duoc
xac dinh: Hinh 2.1 Méi quan h¢ cac bién dang géc xoin [41]
_7G D*
32 L (2.1)

Moé-men chdng xodn W (m®) ctia doan truc duoc xéc dinh:

D3
W = e (2.2)

Ung suét xoin va md men dan hoi c6 mdi quan hé:
M=C.Ap =tW; Aop =v;
T = (C/W).y (2.3)
Céac cong thurc trén cho phép ta do MMX (M) va USX (1) trén doan truc
do bang phuong phap xac dinh tryc tiép hay gian tiép do léch goc y = Ao

(radian) cua hai mat cit hai dau doan truc dai L.
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2.1.1.2 Phwong phdp xdc dinh géc bién dang xodn y=Ag

Phurong phdp 1. Goc 1éch xodn c6 thé duge xac dinh truc tiép bﬁng cach

do go6c xoan tai hai mat cat ¢ hai dau doan truc, sau do trur di cho nhau. Ngoai
ra goc 1éch xoan cling dugc do gian ti€p bang cach do van toc goc tai hai mat
cat twong tu roi tinh hiéu cua chung. Huéng do nay can sir dung cac cong

nghé do hién dai dé xac dinh goc/van tdc tic thoi tai timg thoi diém do.

Phuwong phdp 2. Khi doan truc chiu xodn, xuat hién USX (truot). Khi d6
trén hai truc vudéng goc véi nhau, tao mot goc 45° so véi dudng truc, Gng suét
kéo va tUng suit nén

xuat hién twong duong

v6i ing suat truot [46]. - T / US kéo
Nhu vay, do USX bé ’ '
A :

mat t thuc hién gidn

’ 1 ya USnén
tiep qua viéc do ung

L ' US truwot N
suat keo va nen trén hai / 'Y T
truc tao voi duong truc / \ TUS truot
mét géc + 45 ° (Hinh ,

=

2.2). 4

Hinh 2.2 Mbi quan hé cac ing suit do MMX tao nén [41]

Phuong phép bién dang sir dung 1 tem dan trén 1 truc, 2 tem dan trén 1
truc, 4 tem dan trén 1 truc (ca hai phia) s& khuéch dai ing suat kéo nén 1én 1,
2 hoidc 4 lan. Cac ché do do s& 1a ¥ cau (quarter-bridge); % cau (half-bridge)
hodc cau du (full-bridge).

Dua vao dinh luat Hooke, mdi quan h¢ gitra tng suét truot T va bién dang

xoan duoc xac dinh nhu sau:

o Do iing sudt cung Y% cau (quarter bridge)
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Trén truc tao véi dudng truc mot goc 45°, s& xac dinh duoc ting suat kéo/

nén o (N/mm?):

E L
T (2.4)

Trong dé: &o: bién dang twong ddi kéo — nén; o - tmg suat kéo nén; E -
mod dun dan hoi, N/m?; v - hé sb poisson (pat-xong).

o Do ing sudt cung % cau (haft bridge)

Trén hai truc tao véi dudng truc goc + 45°, xac dinh tng suat kéo/ nén o

(N/mm?) va trir ching cho nhau, ta thu dugc hai 1an USX bé mit.

o Do itng sudt cung cau di (full bridge)
Trén hai truc tao véi dudng truc goc + 45° vé hai phia, xac dinh duoc Ung

suit kéo/nén o (N/mm?), ta thu dugc bdn 1an USX bé mit.

2.1.2 Nguyén ly hoat dong ciia tem bién dang

Tem bién dang vé mat ciu tao co day dan kim loai v&i mot dién tré riéng.
Luc kéo (nén) ting /(giam 1am cho doan truc do bién dang bi kéo dai ra /nén
co lai, dan dén dién tré cia tem bién dang dan trén bé mit truc cling bi kéo dai

ra hodc co lai. Gia st dién trd ban dau 1a R va bién dang khi thay doi dién tré

trén day dan 1a AR.
AR AL
DK EE =K e
R s L s*0 (2.5)

Trong d6: L: Chiéu dai day dan dién tré ban dau (mm)
AL: D6 bién thién dai (mm).

K,: Hé s6 nhay cua tem dan bién dang.
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Vit liéu ché tao tem dan thuong st dung day dong-niken hodc hop kim

nhom niken-crom 1am thanh phan dién tré va hé sb nay xap xi bang 2.

Tem bién dang bao gom 13i, day dan va chat ban dan. Cau tric cua 13i tem
dan c6 sg¢1 kim loai khac axit phan luéi dan trén tam nhya mang moéng cach

dién (hinh 2.3).

Tem bién dang dugc dan trén vat can do bang keo chuyén dung. Bién
dang sinh ra trén mat duoc do, duogc truyén dén phf?m tor cam Ung bién dang
thong qua chan tem dan. Dé do chinh xac thi tem dan bién dang va keo phai

dinh cht trén vat can do va luu N diéu kién nhiét d6 hoat dong.

Thong qua viéc xac dinh su bién doi1 tuong doi dién tré cua cam bién

(strain gauge, SG) ta ¢ thé xac dinh duoc ing suat cia truc khi chiu xoan.

Chiéu dai co ban

-
-

Bé rong ludt

-

Chisu rong co ban

-

h
a
~1

Moi Han

Hinh 2.3 Két cdu tem dan bién dang bé mit Hang Showa-Nhit Ban [52]

1- Chdn tem ddn; 2, 7- Mang mong; 3- Chiéu dai luéi dién tro; 4- Cdc diém chudn;

5- Pau tem dan; 6- Loi kim logi; 8- MGt keo dén va 9- Day néi dién tré
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Thuc té, do su thay ddi dién tré bién dang ban dau rat nho va kho xu Iy
nén thuong chuyén sang thay doi dién ap bang cach sir dung cau Wheatstone.
Hinh 2.4 12 mdt vi du mdt mach ciu Wheatstone dé bién doi dién tré thanh

bién doi dién ap.

Hinh 2.4 Nguyén ly do bién dang xoan bang cau Wheatstone [3]
1- Tem ddan bién dang (SG); 2- Pién dp cau Uy (V); 3- Dién dp ra Ugn(V)
Gia st Ry, Ry, Rava Ry: 14 céc dién tro (Q); Uo: Pién ap mach cau (V); Thi
dién &p ra Uyy (V) duoc tinh:

___RiRg—RoRy
U (R, +Ry)(Rg+Rs) " ° (2.6)

(Rl +AR)R3 — R2R4
(RL+AR+Ry)(R3 +Rg)  ° 2.7)

uout =
Néu diéu kién ban dau R; = R, = R; = R, =R, thi

Gia sir dién tro Ry 14 tem déan bién dang va no thay doi 4R do bién dang, thi

dién é&p ra la:

R2 £ RAR - R?
Uout: R -UO
( +AR)2R (2.8)
ViR >> AR,
1 AR 1
out NZ?.UO :Z.ks.go.Uo (29)
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Theo cong thire (2.9) dién 4p dau ra ty 18 voi su thay bién dang. Dién ap
dau ra cuc nho nay can duoc khuéch dai.

Phuong phap dua trén nguyén tic tem dan Gng suét, khi dan tem Ung sut
trén truc +/- 45° so véi duong tam cua truc, doan truc bi xodn theo chiéu phai
(nhin vao banh da dong co) thi tem (mg suét ciling s& gidn ra va do d6 dién tro
s€ tang, nguoc lai néu duong truc bi xodn theo chiéu trai thi tem dan cling bi

¢ép lai va dién tr¢ ctia tem dan cling giam theo (hinh 2.5).

Hinh 2.5 Phwrong phap dung tem dan bién dang do trén tau Vinashin Sky [22]

1. Temddng dien trc 4. Anten phat
2. Diéu che tan 5. Anten thu
3. Nguon DC 6. Day dan tin hiéu toi CPU

Hinh 2.6 Mach ciu Wheaston do bién dang bé mit [3]
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Dé loai trir anh hudng cua nhiét d6 bé mit dén umg suat xodn trong qua
trinh do, can thuc hién mach bu nhiét, vi du nhu hinh 2.6
Mbi quan h¢ gitra bién dang va su thay d6i dién tro duge thé hién:

AR =Kk;R,é, (2.10)

Trong d6: Ro— Di¢n trd ban dau;
ks — Hé s cam tng (k = 2 + 2.5 d6i vé6i dién tro day dan, hodc ks
~ 200 d6i v6i tem dan dién tré ban dan);
g0 — Bién dang trén bé mit truc.
2.1.3 Pic diém ciia tem bién dang dung xac dinh MMX
Pau do MMX dang tem bién dang (SG) toi uu nhat khi dung 4 tem dan
giéng nhau br?mg 4 dién tré, dan trén truc va tao voi dudng truc mot goc 45°
theo mach cau can bang. Dung ngudn cdp c6 dong on dinh (CS). Ngudn tao
song mang G, cum diéu ché, khuéch dai ban dau tai mach phat (FA,), anten
phat (PA,) gin trén truc va quay cung truc. Bo diéu ché thuc hién diéu ché tan
s6 mang. Tin hiéu d6 duogc truyén tir anten phat (quay cing truc). Do siu diéu
ché ti 1¢ thuan véi bién dang trén truc.

- Phuong phap do MMX bang tem dan bién dang trén bé mat tryc rat phu
hop trong nghién ctru vi chi phi thap, 4p dung cho nhiéu loai doan truc khéc
nhau vé vt liéu, khong b1 han ché vé duong kinh tryc do, phu hgp véi khong
gian va khi hau vi k¥ thuat tai budng mdy.

- V6i viée xéac dinh dugc dién ap ra ta s& xac dinh duogc su bién dang tuong

doi trén bé mat truc quay, tir d6 xac dinh dugc ing suat xoan

L &-E 211
1+v (2.11)
- MMX trén hé truc nhu sau:
E.c
M=W.r=W 0
1to (2.12)
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Cong thuc (2.9), (2.11) va (2.12) 13 co s& cho tién hanh nghién ctu ché
tao thiét bi do MMX va xir Iy tin hiéu MMX duoc trinh bay & phan sau.

2.2 Co sé khoa hoc va cong nghé ché tao thiét bi do va phan tich DPX hé
truc diesel tau thuay

2.2.1 Nhiém vu chung

Muc tiéu: Tong hop co so toan hoc va cong nghé dam bao cho qua trinh thu
thap thong tin, xtr Iy théng tin va xuét ra két qua;

Nhiém vu: Dé xay dung thiét bi do va phan tich DBX dang tem dan bién dang
do trén dudng truc ¢6 cac nhi€m vu:

(a) Cam bién tin hiéu vat Iy MMX theo phuong phéap bién dang bé mat
bang cac tin hiéu dién, truyén tin hiéu qua song radio hoac Wi-fi va xir Iy ban
dau tin hiéu thu duoc dé luu lai dudi dang co s dir liéu s6 hodc hién thi
nhanh két qua xir 1y;

(b) Xir 1y tin hiéu sb co so dit liéu do duoc theo muyc tiéu dit ra cua bai
toan ché tao thiét bi;

(c) Hién thi két qua xir Iy. Xuat két qua dudi dang can thiét (bao cao; luu

dudi dang cac file két qua; in 4n).

Trén hinh 2.7 dua ra so d nguyén Iy cam bién MMX dang tem déan dién
tr¢ dung anten thu va phat tin hiéu do.

Céac nhiém vu co ban trén duogc thuc hién trong tirng giai doan, tai tung
khéi ciu trac — chirc ning cta thiét bi (Hinh 2.8).

Chi tiét cam bién MMX va bién dbi thanh tin hiéu dién (hiéu dién thé) 1a
phan tir cam bién MMX: Torque sensor (SG) va vi tri/pha (diém chét trén cua
xy lanh dong co diesel). PAu ra cua tin hiéu tr SG va vi tri/pha duogc khuéch
dai (phan tr khuéch dai ban dau, KD.BD) dé dat chuan dau ra rdi sau d6 dua
dén bo bién doi twong ty s6 (ADC, Analog — Digital Convertor).
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TA;

CS
0 u(t) PAy Um(®)
DM . FA, [ |,
(e}
gL
G
G /
1 y
r4
_ _2/ 3 /

Hinh 2.7 So @0 nguyén ly bién dang xoin dwong truc bang tem dan bién dang [4]
1 — Truc; 2 — Cum diéu ché; 3 — Cum giai diéu ché; SG — Cam bién bién dang;, M —Bo
diéu ché; G -Nguon séng mang; FA1 — Khuéch dai ban dau; PAy — Anten phdt; TA; —

Anten thu; DM — B¢ gidi diéu ché; FA; — Khuéch dai ban dau 2; CS — Nguén dong dién on
dinh

KD. BD

ulu-mm

(

Torque
Sensors s
DAQ CPU

Hinh 2.8 So @0 ciu triic - chire ning caa thiét bi do MMX hién dai

Tai trung tAm x1r Iy (Central Processing Unit, CPU) dién ra xir Iy tin hiéu
do dugc theo yéu cau cla nhiém vy dit ra. Pé thuc hién duoc diéu nay, can
xdy dung co so toan hoc, thuat toan ciing nhu phdn mém tuong Gng. Trong

luan an, NCS tong hop co sé toan hoc (dugc trinh bay trong phan sau cia
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chuong nay) va xay dung phian mém (viét code) trén co s cong nghé phan
mém nén LabView cing cac Toolkits hd trg ctia hidng National Instruments
(USA).

Mot thiét bi do MMX va phan tich DPX hién dai can c6 cac dic tinh co
ban, tdi thiéu nhu bang 2.1 sau day:

Béang 2.1 Nguyén ly chirc ndng do va phén tich tin hi¢u MMX

STT PAC TiNH
) Thiét lap cAu hinh do, hiéu chun hé théng do tin hisu MMX
(i) Do, thu thap céc tin hidu dong. Két qua do duogc 1a tin hiéu dong da hai,

chu ki chtra nhiéu dao dong thanh phan véi cac tan s6 khac nhau. Tin hiéu
thu duoc ban diu nay thudng chira nhiéu.
Tin hiéu thu duoc 1a tin hiéu s6, c6 thé duoc khuéch dai ban dau twong

g véi muc tin hiéu dé dua vao b nhé luu trix

(i) Xur 1y tin hiéu dong trong mién thoi gian va mién tan s (c6 sir dung cac
bo loc khac nhau), Loc tin hiéu dé xac dinh phd tan (bién d6/pha) MMX
trén thang tuyén tinh hoic thang dB (dexibel);

(V) | Liu lai két qua (dang dit liéu da xt Iy cudi cing). Béo céo két qua. In 4n

két qua

(v) Két thic

Quy pham phan cdp va dong tau bién vé thép cua hau hét cac co quan
Ping kiém qudc té déu yéu cau phai do DPX va so sanh véi két qua tinh
DDX dé khang dinh hé truc khong roi vao ving cong huéng nguy hiém khi
hé truc lam viéc tai dai vong quay khai thac quy dinh.

MMX cudng btc do lyc khi thé tai cac xy lanh dong co diesel trong mo
hinh tinh DDX cudng bic 14 tdng cua cac diéu hoa bac k, voik=1,2, ..., 12
d6i véi dong co diesel hai ky (t6i thiéu 12 diéu hoa M = 12), con k = 0.5, 1,
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1.5,..., 12.5 @i vé6i dong co diesel bon ky (tdi thiéu 25 diéu hoa M = 25) s&
gay nén cac DPX nguy hiém bac k, néu co hé roi vao cong huong hoic ving
gan cong huong.

Pé thuc hién duoc diéu nay, tién hanh phan tich tin hiéu MMX do duoc
theo thoi gian thuc (Real time) vé mién tan s6 qua phép bién do6i Fourier,
trong k¥ thuat xur 1y tin hiéu hién dai thuong st dung cong cu toan hoc (thuat
toan) bién ddi Fourier nhanh (FFT). Trong su phat trién manh mé cua cong
nghé tinh toan, FFT d4 duoc trién khai (ing dung thanh cac moé dun doc lap va
d3 c6 mat trong hau hét cac phan mém tng dung nhu MATLAB, MCAD,
LabView...

Pé xay dung phan mém cho thiét bi do va phan tich DPX can c6 co so
toan hoc va thuat toan trién khai trong qua trinh do, luu trit, phan tich tin hi¢u
MMX do dugc rdi rac trong mién thoi gian thuc. Trén co so thuat toan, lua
chon ngén ngit pht hop dé trién khai phén tich thiét ké hé thong va cudi cing

1a viét phan mém cho phan tich tin hiéu d6ng MMX trong mién phd tan.

2.2.2 Co sé toan hoc cho do, phan tich DDX hé¢ truc diesel tau thiy

Gia thiét chu ky lay mau T, (gidy) sé& tién hanh 1dy N, (miu, samples).
Thoi gian l1dy 1 mau dt = T, / Ng. Tc d6 1dy mau (sé6 mau lay duoc/1 gidy)
duoc ki hiéu Fe= 1/dt = N/Ts (Hz, samples/second).

Trong timg doan 1y mau [(k-1)Tc— K.T] ta trich Ng mau:

AT =[05T] = {x(1), xQ2)...., xNe)};

AT =T, 2T] =>{x(Ng+1), ..., XN} (2.13)

ATS(k) — [(k-l)Ts N kTS] => { X[(k'l)Nsc +1]a ceeo X(stc)};
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2.2.2.1 Xdc dinh sé lwong mau N va toc dé ldy mau Fq

Gia thiét tai doan truc do (thuong do trén truc trung gian) can tién hanh do
MMX tai cac ché d6 vong quay ne (v/ph), bién thién twong ung véi cac ché do
thir nghiém cuaa hé dong lec. Mot vong quay cua truc do sé& can trich lwong
mau 13 boi cta s6 xy lanh dong co (z) va trong chu ky trich mau, lvong mau
s& bang hodc gan bang véi 2X, véi k 1a mot sé tu nhién, vi du: 2* = 256; 512;
1024; ... dé thuc hién bién d6i Fourie nhanh (FFT) dugc chinh xac nhat. Tuy
nhién, dung FFT trong xu ly tin hi€u, trong MATLAB ciling nhu trong
LabView, néu luong mau nhé hon 2%, ta dién thém da nhitng s6 0 dé thu duoc
diy c6 sb mau dung bang 2%, Phép bién ddi FFT khi d6 cho ta két qua voi do
chinh xac cao [6], [47].

Diéu quan trong can dam bao: trich ra mot doan mau phai 1a bdi sb cua
mot s6 chu ky cong tac day du Ny caa dong co.

Tin hiéu do duoc trich Ngmau:

(@ [0—T;]; Ns = 1N

=> {x(1), x(2),..., x(Ng) }
(b) [0—2Tg];Ns=2Nq

=> {x(1), X(2),..., X(Ng); X(Nge +1), ..., x(2Ngo)} (2.14)
() [0—3Ts); Ns= 3N

=> {x(1), x(2),..., X(Ng); ...; X(2Ng *1), ..., x(3Ng) }.

Dong co hai ky: Trong 1 chu ky (twong tng 1 vong quay truc khuyu) sé
thé hién hoat dong cua z xy lanh.

Péng co bon ky: Trong 1 chu ky (twong tng 2 vong quay truc khuyu) s&
thé hién hoat dong cua z xy lanh.

Truc do quay voi tbe do ng (v/p) hay tuong tng ng/ 60 (ck/s).
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Phuong phdp thiét |gp mdu do nhur sau:
- Truc do quay 01 vong véi van toc ng/ 60 (ck/s). Nhu vay thoi gian can
quay 01 vong 1a 60/ng (S).
- Ddi v6i dong co diesel hai ky, mot vong (360° gqtk) ta trich Ng mau.
Vi du N, = 1024 (mau), T, = 60/ng (S).
- Dbi véi dong co diesel bdn ky, hai vong (720°, gatk) ta trich Ng mau.
Vi du N = 1024 (mau), T, = 120/n4 (S).
- Tbc do trich mau Fs = N/ T,. Nhu vay, néu gia thiét ng = 2 ck/s
Fs = Ng«ng / 60 cho diesel hai ky = 1024 x2/60 ~ 34 Hz;
Fs = Ngng / 120 cho diesel bon ky = 1024 x2/120 ~ 17 Hz

Gia thiét cho mot cung thoi gian tng véi Ky chay va gidn no cia mot xy
lanh Ny (Mau).

Vay s6 lwgng trich mau cho 1 chu ky 1a Ny, = Z.Nqy.

Vi du: Néu sb xy lanh dong co z = 6; Ny = 1024 mau/6 = 170.6 (mau)

Chii y: Khi chiung ta mudn tang (hoac giam) téc do lay mau mot sé lan,
yéu cau phai tang (hoic giam) s6 mau can trich 1én ding bang sé lan tuong
rng thi tong s6 mau thu duoc Méi tuong tmg cac chu trinh 1am viéc cua dong
CO.

Hién nay, cong nghé NI — DAQ NI 9234 [47] cho phép tdc do lay mau
ciia DAQ 1én toi 51.2 kHz/kénh do; NI — DAQ NI 9191 cho phép toc do lay
mau cuc dai ti 50.0 kHz/kénh do.

Tuy nhién, ching ta ciing can luu ¥ dén kha ning dung luong bo nhé va toc
do doc mau cia may tinh st dung.
< Dong co diesel mdy chinh lai chin vit truc tiép khéng qua hép sé

Déi voi dong co diesel lai chan vit truc tiép khong qua hop sé (dong co
diesel 2 ky, thap téc) vong quay tai truc trung gian (vi tri do) bang vong quay
truc khuyu diesel, ng = ng (v/ph).
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Néu dong co hoat dong & ché d6 vong quay ne = 150 v/ph, khi d6 tai truc
trung gian, noi do mo-men xoan ciing quay véi toc do ng = 150 v/ph. Gia thiét
chung ta muén trén mot vong quay twong tng voi hoat dong caa z = 6 xylanh
duoc trich ra 1024 mau, mot doan mau c6 do dai 1024 k, mau, véi s tu nhién
nao d6. Nhu vay sé mau N, = ks .N; o duoc chon gap ks 1an sé mau mot chu ky
Nso, diéu nay gitp cho viéc xtr Iy thong tin trong mién thoi gian qua phép
bién dbi FFT gitr nguyén két qua.

Thoi gian trich mau s& duoc xac dinh theo téc d6 trich mau (sample rate
Fo): Ts = ksTso; Ngo / Fs = 1/m, & d6 m 1a s6 ty nhién [47]. Diéu nay duoc giai
thich trong 1 giay, voi tdc d6 trich mau Fs, ching ta s€ trich dugc mot sb tu
nhién chu ky nhat dinh. Nhu vay, ta c6 thé chon m = k.

Toc do ldy mau tir thiét bi caa DAQ NI 9234: F, = 51.2 kHz/s/ck

Toc do lay mau tir thiét bi caa DAQ NI 9237: F; = 50.0 kHz/s/ck.

Néu F, = 51.2 kHz, trich mot doan mau dai N; = 5 * 1024 = 5120 mAu.

m = 51200 /1024 = 50.

Thoi gian trich doan mau dai Ngo = 1024: T, = 1000(ms)/m = 20 ms.

Thoi gian trich doan mau dai Ng = 5120: Ts5=5* Tgo =100 ms.

Déi véi thiét bi DAQ NI 9237 dung dé do bién dang bé mat, mot chu ky
lam viéc ta khong thé trich dung 1024 mau, ma can trich cho s6 lwong mau
Nso = 1000 mau. Khi 6 m = 50000/1000 = 50 lan. Thoi gian trich cho 1 chu
ky va cho 5 chu ky hoan toan gidng véi thoi gian cho trich mau d6i voi DAQ
NI 9234 tuong ng.

Khi ting kich thuéc mot doan mau cho chu ky, vi du Ngo = 10240 cho
DAQ - N19234. B nh¢ ghi dir liéu tang nhanh, song 1 gidy chung ta chi luu
lai dugc 5 chu ky 1am viéc cia dong co. Di lai, s6 lwgng mau nhiéu cho phép
ta phan thich FFT va tan s6 cuc dai c¢6 thé thu dugC Frax = Ngo / 2 = 51200
Hz.
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Chung ta can 1am sang to van dé: téc dg quay cua truc do cé dnh huwong
dén qud trinh \ay mau hay khéng?

Trong thoi gian dong co hoat dong vaéi vong quay 120 v/ph, twong duong
véi 2 v/gidy. Khi d6, néu chung ta 1dy mau véi toe do trich mau 51.2 kHz,
trong vong 100 ms thi toan dai tin hiéu trich dugc tuy 12 5120 mau ciing chi
pha 2/5 vong, tuong duong 2/5 chu Ky cong tac ctia dong co 6 xy lanh. Nhu
vay khong dap ung duoc yéu cau phai trich mau day da cho chu ky cong tac
ctia dong co. Chiing ta can thuc hién theo phuong an tinh tir vong quay thuc
té cua truc do.

Khi truc do quay vai ng = 2 v/s, mot vong can quay véi thoi gian 0.5 gidy
(hay 500 ms). Néu mot vong nay ta trich ra Ngo = 1024 mau, véi thoi gian
trich mau cling tuong tng 500 ms, tir d6 suy ra téc d6 l1ay mau sé la:

Fs = Nsof Tso =1024/0.5 = 2048 Hz.

Tuong tu, V4i téc 6 quay cua truc do nhu vy, ching ta trich mot doan
mau Nss = 5 Ng, thoi gian trich mau tuong tng s& 1a Tss = 2.5 gidy, tbe do
trich mau van khong d6i: Fs = Ngs/ Tss = 5120/2.5 = 2048 Hz.

Vé6i phan tich trén, tbc do ldy miu duoc xac dinh theo téc do quay cua
truc do, s6 luong mau can thiét trich cho mot chu trinh cong tac va sb chu
trinh can trich dong thoi. Vi vay, nén trich duy nhat mot chu ky cong tac cua
dong co, vai s trich mau cho chu ky N0 (Mau) 1a du dé thuc hién nghién ctu
cac tinh chat phuc tap dién ra trong mot xy lanh. Ta xéac dinh tan sé trich mau
theo cong thuc:

Fs = N1/ Ts1 = Ng1x ng /60; (Hz) (2.15)

Khi lya chon tan s trich mau theo két qua tinh theo cong thuc (2.15) hay
bang két qua tinh 2.2, trong nhiéu truong hop bd thu DAQ s& khong chap
nhan. Theo huéng dan st dung [47], tan s trich mau cho phép chi c6 thé 1a

Mot trong cac gia tri:
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Fs =Fsvax /K (2.16)

voi k 1a mot s6 tu nhiénnao do k=1, 2,3, ...

Ta s& thuc hién bai toan nguoc: thiét 1ap cau hinh bd DAQ theo tan sb
trich mau cua thiét bi, theo cong thirc (2.15), sau d6 xac dinh sé mau (S) can
trich du cho mét sé chu ky nhat dinh nao dé, theo cong thic:

Nso = [60* Fs/ ng ], (S) (2.17)
Nsk = [Ks*60* Fs/ ne ], (S) (2.18)
Trong céc cong thire trén, ky hiéu [A] 1a phan nguyén cua A.
Véi cong thuc thiét lap (2.15) — (2.18), chiing ta ¢6 bang diéu khién tan
sb trich mau khi thiét 1ap cdu hinh téc d6 trich miu cho do MMX va bd gop
dix liéu tin hieu MMX tai DAQ duoc chi ra trén bang 2.2 dudi day.

Bang 2.2 Vi du thiét 1ap cau hinh trich miu cho hé truc diesel thip tdc truyén
dong truc tiép chan vit khi do MMX (Dong co 2 ky, m = 1)
Chon Fs =51200/25 =2048 S/s = 2048 (Hz/s)

na (v/ph) 110 120 130 140 150

Nso (S) = Fs*60/Ng 1117.091 1024 945.231 | 877.714 819.2

[No] , (S) 1117 1024 945 878 819

Ns2 (S) =2* F*60/Ng | 2234.182 2048 1890.46 | 1755.43 1638.4

[Ne] , (S) 2234 2048 1890 1755 1638

% DPong co diesel mdy chinh lai chdn vit qua hép sé
Thong thuong hé truc ap dung cho may chinh dung diesel bon ky, trung
tdc hoac cao téc.
Tuong tu nhu phan tich trén, chung ta bat dau tir dic diém cua cac ché do
hoat dong hé dong luc, sau khi thiét 1ap cau hinh x4c dinh tan s6 trich mau
theo cong thuc (2.15).
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DPong co bén ky, hai vong quay (twong Gng 720 do gqtk) thuc hién hoan
toan mot chu trinh cong tac ciia dong co.

Hop sb ¢o ti s6 truyén Kis = ne/np (gia st Ky = 2.23).

Thong thuong ta trién khai do tai trung trung gian, phia sau hop sd. Truc
s& quay Véi tée do cua chan vit.

Nhu viy, trong khi nghién ctru mé phong mé men dau ra cia dong co, ta
s& tinh theo vong quay cua dong co ng (V/ph), con khi thiét 1ap cau hinh do
trén truc trung gian, ta xét theo vong quay cua truc chan vit np (v/ph).

Tuong tu nhu néu trén, ta xac dinh sé mau trich khi do trén truc trung gian

(dau ra caa hop sd):

Np = nE/ Khs (219)
Nqo = [120* F./np ], (S) (2.20)
Nqy = [ke*120% Fo / 1o 1, (S) (2.21)

Bang thiét 1ap c4u hinh trich mau cho do MMX bang DAQ - NI duoc chi
ra trén bang 2.3 nhu dudi day.

Bang 2.3 Vi du thiét 13p céu hinh trich miu cho h¢ truc diesl 4 ky, truyén
dong gian tiép chan vit qua hop sé khi do MMX (Pong co 4 ky, m = 2)
Chon F;=51200/25 =2048 S/s = 2048 (Hz/s); Kns= 2.23

ne (v/ph) 900 1000 | 1100 | 1200 | 1300 | 1400 | 1500

Ny (v/ph) 403.6 | 448.4 | 493.3 | 538.1 | 583.0 | 627.8 | 672.6

Neo (S) = F*120/np | 608.9 | 548.0 | 498.2 | 456.7 | 421.6 | 391.5 | 365.4

[Nso] , (S) 609 | 548 | 498 | 457 | 422 | 391 | 365
[Ne] , (S) 1218 | 1096 | 996 | 913 | 843 | 783 | 731
[Nss] , (S) 1827 | 1644 | 1495 | 1370 | 1265 | 1174 | 1096
[Nea] , (S) 2436 | 2192 | 1993 | 1827 | 1686 | 1566 | 1461
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2.2.2.2 Co s6 todn hoc cho xdc dinh cdc théng sé co ban ciia MMX
+* Trong mién thoi gian thuc

Sau khi ta loc tin hiéu duoc trich mau, can xtr 1y tin hiéu c6 ich véi muc
dich xac dinh gia tri trung binh cia MMX trong mét chu Ky trich mau do
tuong ng Véi chu ky cong tac ctia dong co (mean), do léch 16n nhét cac dao
dong cua MMX (peak — to — peak) cling nhu gia tri khai can binh quan

phuong sai RMS (Root Mean Square) cua tin hiéu trich mau trong ca chu ky.
1 «N; _

Tymean = EEi:i Xi, (2.22)
Tpeak—te—peak = max({ff}} - min({‘i’}); (223)
1<
Trys = N_Z x7
N Tt (2.24)

+* Trong mién tan sb

Tin hiéu dugc trich mau c6 dang:

X = {X(Ny), X(N,),..., x(Ns)} (2.25)
duogc bién d6i FFT vé dang phd tan, ¢ sir dung bo loc s6. Két qua cia phép
bién d6i FFT cho ta cac dic tinh cla tin hiéu MMX vé:

(a) Bién do - Tan sb;
(b) Cong suat - Tan so;
(c) Pha - Tén sb.

Theo yéu cau cua Quy pham khi nghién cttu DPX, can dua ra 12 bac diéu
hoa dau tién khi dong co may chinh 1a diesel 2 ky (bac 1; 2;...,12), con ddi
véi diesel 4 ky, can dua ra 25 bac diéu hoa dau tién (bac, 1; 2;...; 25).

Phu thudc vao muc dich nghién ciru phat trién sau nay, chiing ta c6 thé trién
khai phan tich va hién thi ba chirc ning (a) + (c) da néu trén, hodc c6 thé bd

sung thém mot sb tinh chat khac theo thuét toan phu hop s€ xay dung.
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Phép bién ddi Fourier nhanh (FFT) dugc dé cap dén trong nhiéu tai liéu xir
Iy tin hiéu ciing nhu trong cac phan mém wung dung, vi du nhu MatLab,
LabView [16] [19].

Phép bién doi ham lién tuc Fourier (ly thuyéy):

Bien doi Fourier thudn: tr mién thoi gian sang mién tan so.

F(f) == [ e f Oyt (2.26)

—00

Bién doi Fourier nguoc: tr mi€n tan sO sang mién tho1 gian.
—+o0o

f(t)=—%Z [ e F(f)df (2.27)

Trong do: f(t) — ham thoi gian, F(f) — bién doi Fourier sang mién tan so f.

Phép bién déi Fourier trong ddy sé roi rac (dp dung lgp trinh):
FFT thuan:

o0 |27
Y(k)=nZ:,Ox(n)-WNk'“:WN =e " (2.28)
k=0,1,., N-1
FFT nguoc:
x(n) = 1 i Y (k).W;"
N& ST (2.29)
n=0,1,.,N-1

Véi diy dau vao theo thoi gian x(n) va dau ra theo tan sé Y(k), kich

thudc N. Thuat toan FFT dugc ap dung cho N = 2%,
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2.2.3 Co sé cong nghé truyén tin cho xiy dwng thiét bi do MMX/DPX
2.2.3.1 Nguyén 1y truyén tin trong do va xit Iy dong théng tin

Quan diém vé dam bao truyén tin cho qua trinh do MMX, phan tich DPX 1a
dam bao cac dong thong tin (dang, dic diém, dudng truyén vao — ra) tir cac
thiét bi cam bién dén khi hién thi két qua trén man hinh, luvu trit cling nhu bao
céo két qua can thiét. BPam bao co so truyén tin cho do MMX, phan tich DBX

s& phuc vu cho qua trinh thiét ké hé théng truyén tin (phan cing va phan

| SODPONGUYENLY SO DO NGUYEN LY
CAU TRUC THIET BI TRUYEN TIN THIET BI

l (Quan diem phan cumg) (Quan diem dong thong tin)

L

(1) 4| Tin hiéu twong tw co khi
l : (Bién dang xoan, vong quay yer)

CAM BIEN :
Strain Gauge+Pha sensor [ J l
|

Tin hiéu twong tw dd cam bién:
[@ G| u(t) /i(t); chia nhiéu; duoc

|

|

i

! |

. |

} |

I |

' |

l |

: NI <DAQ : khuyéch dai ban diu I

| 9191+DAQ9237 ' ﬂ :

| P — |

' | Tin hiéu so:

: @ ) £ 2 kénh; co chwa nhiéu |

: |

| CPU ' — '[} - |
| LAPTOP / PC / | CPU-Xwly bang chwong trinh

INDUST. COMPUTER | | Filter; FFT; Real time; I

l Bién dang == MAMX==TVs |

| ! Y |

' ® [ Thoighn tye |

$mmm—) " gian thurc;

' . FFT: MMX/TVs; |

| Interface Drivers : |

I MONITOR ’ |

| PRINTER, DISK ' I

l l O, : Théng tin MDY TVs |

I NS Luu; In; Baocao |

Hinh 2.9 So @6 truyén tin h¢ thong do MMX va phan tich DPX

+ So do dong truyén tin tin hiéu MMX;
+ Ly thuyét phat va thu tin hiéu MMX;
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+ Qua trinh truyén tin tin hiéu MMX kiéu khong day;
+ Dang tin hi€u trong qué trinh do, x1r 1y tin hi¢u do, phéan tich DDBX thong
qua tin higu MMX c6 ich.

So dd nguyén 1y truyén tin duoc phan tich va tong hop trén co s cac yéu
cau co ban caa IACS (Hiép hoi cac to chire ding kiém quéc té) vé lap dit may
tau thiy cling nhu quy pham cu thé cua nhiéu qubc gia trén thé gii vé phan
cap dong tau bién vo thép.

Trén quan diém d6, so do nguyén 1y cua truyén tin cho qué trinh xay
dung thiét bi do MMX dugc thé hién trong hinh 2.9 dung céac thiét bi cong
nghiép: Tem dan bién dang xoin do trén bé mat truc (Strain gauge); Cam bién
tr do van toc quay truc va cam bién quang xac dinh diém chét trén cua mot
xylanh (Optical Encorder); Bo thu thap dir liéu DAQ (Data Acquisition). Cac
thiét bi van phong nhu may tinh (PC), may in (Printer) véi cau hinh hién tai
da manh dé thuc hién nhiém vu dit ra. Riéng CPU cong nghiép co dic diém
chéng va dap, chdng rung dong dé ting tudi tho va an toan hon trong khai
thac thiét bi.
2.2.3.2 Co so cong nghé trong do va xu ly dong thong tin MMX/DDX

Trén co sé phan tich phuong phap do MMX dua trén tem dén bién dang,
truyén tin hiéu qua duong truyén khong day tir DAQ quay cung véi truc va xtr
Iy tin hiéu do duoc tai CPU (trung tdm xt 1y tin hiéu), chung ta tim hiéu co s
cong nghé hién dai, tién tién ngay nay dé hd tro cho ché tao thiét bi theo muc
tiéu cua luan an dat ra va dé xuat cau hinh thiét bi do nhu hinh 2.10.

o Khoi ddu cam bién.

Cam bién ung suat xoan bién dang bang tem dan da dugc cic nha cung

cap ché tao dudi dang chuan cong nghiép. Viéc dau ndi, dan trén bé mat truc

can nghién ctru dam bao theo dung yéu cau k§y thuat dit ra.
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Cam bién xac dinh thoi diém bét dau do dugc thiét ké nhu 1a cam bién x4c
dinh pha. Tuy nhién can luya chon, thiét ké sao cho né dua ra thong tin dong
thoi vé van tc quay cua truc do, dong thoi vi tri thoi diém bat dau do va dinh
huéng cho thoi gian chu ky trich mau. V&i yéu cau trén, trén thi truong hién
nay cung cip cac sensor quang, vi du hang OMRON [41], c¢6 thé dap tng
dugc yéu cAu va nhiém vu dit ra.

Song song Vai sensors can co cac thong tin vé thong sd ky thuat phu hop
va cac phy kién di kém. Hién nay, cac nha cung cap thuong khuyén cao, tu
van dé chiing ta lua chon cau hinh dong b va phu hop vai nhiém vy dit ra.

e Khdi thu thap di liéu (DAQ)

Bd ADC hién nay thuong da kénh va c6 thém mot sb chuc nang hd trg,
dugc cac nha ché tao dua ra thi trudng véi chuan cong nghiép, c6 thé co cac
tén goi khac nhau, tuy nhién hién nay thuong goi 1a bo thu thap dit li¢u (DAQ,
Data Acquisition). Tur DAQ tin hiéu di téi trung tdm xu 1y tin hi¢u (CPU,
Central Processing Unit) dé xir 1i thong tin dudi dang sd. Diém kho khin nhét
lién quan dén phuong thirc truyén tin hiéu tir DAQ dén CPU khi truc do va
DAQ dit trén d6 cung quay Véi téc do cao, con CPU (may tinh) dat tinh tai
gan véi truc quay. Phuong thirc truyén tin khong day hién dai st dung song
radio (qua anten phat va thu).

Mdi DAQ c¢6 chic nang thu thap dir liéu khac nhau. Trong thiét bi do
MMX/ DDX bang tem bién dang, chung ta c6 hai dang tin hiéu can do khong
thé dung chung mot b DAQ, ma mdi tin hiéu yéu cau riéng mot b DAQ
tuong tng. Mot DAQ duoc cim vao khung tuwong (mg (Chasis). Riéng khung
cam DAQ do bién dang phat tin hiéu Wifi dé truyén tin tir DAQ dén CPU.
Thuong tbc do trich mau cuc dai cia hai DAQ trén 1a khac nhau. Do vay
trong lap trinh do, luu trir dit li€u, doc dir liéu tur file luu trir va xtr 1y tin hiéu

can chi y dén tan sb trich mau cua chung.
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o Bo xu ly trung tam CPU

Tai CPU xay dung cac phﬁn mém quan ly thiét bi ngoai vi, luu dit liéu
do, doc dir liéu do, xtr 1y tin hiéu va in an, bao cao két qua, luu trii két qua
chung da dugc xu ly.

Véi cac nhiém vu co ban néu trén, dé c6 dugc san pham phan mém
chuan can phai xay dung co s& toan hoc tin cay véi véi do chinh xac cho
phép. Céc cong ty, vién nghién ciru vé thiét bi do/phan tich MMX, DPX déu
khong co cac cong bd chinh thirc vi lién quan dén ban quyén va so hiru tri tué
cong nghé cao, nén cic cong bo chi tiét déu khong dwa ra. Trong phan co so
toan hoc néu trén, ching ta da tdng hop dugc cong cu toan hoc can thiét vé
xu 1y tin hiéu MMX. Trong qu4 trinh 1ap trinh code xay dung thiét bi, NCS
da sir dung phan mém nén LabView va cac cong cu hd tro cua hing NI [47].

e Thiét b; hién th;.
Phan cing d6 12 man hinh may tinh. Pé diéu hanh, hién thi két qua ta lap
trinh trén CPU. Trong luan an, NCS da 1ap trinh trén LabView va stir dung

cong cu hd tro hién thi ciia hing NI

SENSOR [
, WIFI CPl
BIEN
DANG - 2P PO MMX (CAU HINH; PO VA
XOAN Khung (Chasis) HIEN THI NHANH; LUU TRU)
- PHAN TICH TIN HIEU PO
MMX > DDX
- XAY DUNG DPAC TINH GIOI
SENSOR HAN USX CHO PHEP
PHASE
Khung (Chasis)

Hinh 2.10 So' d6 nguyén Iy hé thong do MMX va phan tich DDX
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2.3 Két luan chwong 2

- Xac dinh ding s6 lugng mau can léy, tdc do trich mau va xéc 1ap dugc mot
kénh do bo sung vé téc d6 dong co diesel ciing nhu vé vi tri/pha (diém chét
trén cua piston trong xy lanh dong co) phai déng bd va twong ing vi mot chu
ky cong tac cua dong co diesel.

- Xay dung co so toan hoc can thiét cho xur 1y tin hiéu MMX do dugc va phan
tich DBX. Tin hiéu duoc xur 1y trong mién thoi gian thuc va trong mién tan sd
dé trién khai thuat toan va phan mém cho thiét bi do sau nay.

- Cong nghé hién dai vé dién tir, truyén thong va thong tin hién nay cho phép
chung ta xay dung thiét bi do MMX/ DDX trén nén tang ghép ndi cac khoi
thiét bi chuan cong nghiép: dau do — DAQ — CPU — thiét bi hién thi (may tinh

hién dai ludn thuc hién chirc ndang CPU va hién thi) theo cau hinh thiét ké.
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CHUONG 3. MO PHONG SO VA XU LY TiN HIEU MO-MEN XOAN
KHI CO NHIEU VA SAI SO TRICH MAU
3.1. Pit van dé

Trong phan tich chuong 2 c¢6 dit ra cc bai toan lién quan dén xay dung
cAu hinh thiét bi do MMX/ DPX hé truc: Xt Iy tin hi€u thu dugc trong mién
thoi gian thuc va mién tan s6 dé dap ung theo yéu cu ciia cac td chirc chuyén
mon vé tinh toan DDX hé truc va do thuc nghiém DPX.

Giai quyét cac van dé lién quan truc tiép dén ché tao thiét bi, can khang
dinh sy can thiét phai bo sung 1 kénh do pha dé xac dinh ding s6 miu can
thiét phai trich cho doan tin hiéu can ghi. Tiép theo can c6 dau vao 1a tin hiéu
MMX thu dugc theo mdt ngudn nao d6 dang tin cdy dé md phong, xir 1y tin
hiéu theo cac muc dich va nhiém vu dit ra cua dé tai. Phan mo phong MMX
sau khi giai quyét duoc cac van dé néu trén s& giai mid duoc nguyén 1y cu
hinh thiét bi do, co s& toan hoc va trién khai 1ap trinh xtr Iy tin hicu MMX/
DDbX hé truc.

Van dé gian tiép lién quan dén ché tao thiét bi do MMX/ DPX hé truc 1a
tinh toan DDX h¢ truc diesel tau thuy. Pé tinh dugc DPX hé truc can giai
quyét mot s bai toan sau day:

- Bai toan 1. Tinh DDX tu do hé truc.

- Bai toan 2. Tinh MMX cudng birc.

- Bai toan 3. Tinh DBX cudng burc hé truc.

- Bai toan 4. Tinh USX cho phép va kiém tra USX cuc dai ctia hé truc.

Bai toan thir nhat tinh DDX tu do 1a can thiét chung cho ca nghién ciru
tinh toan DPX ciling nhu thir nghiém do DD X hé truc dong co diesel lai chan
vit (nhu da phan tich ¢ chuong 1).

Bai toan thtr hai lién quan tryc tiép dén nhiém vu thir nhat xay dung thiét

bi do MMX, vi dau ra ctia bai toan nay s€ 1a dau vao cho nhi€ém vu thir nhat.
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Céc bai toan con lai déu dong vai trd tham chiéu, tham khao cho qua trinh
xdy dung phan mém do va xu 1y tin hiéu do cho thiét bi do MMX/ DBX hé
truc diesel tau thuy. Mot s6 lién quan do6 dugc thé hién:

- Pinh huéng thir nghiém dé kiém tra, chinh dinh thiét bi do tai cac vong
quay cta hé truc diesel tai khu vuc gan cong hudng hodc cong hudng (lién
quan dén bai toan 1 tinh DPX tu do).

- Xac dinh d6 16n, bién ¢6 DDX, USX tai cac ché d6 cong hudng tir s lidu
do bang thiét bi do dugc ché tao, kiém ching véi bang tinh dé ¢6 dinh hudng
hiéu chinh va kiém tra do tin cay cua thiét bi (lién quan dén bai toan 3, 4 tinh
DDbX cudng buc va USX cho phép).

- Phan mém mé phong duge xay dung s& 1a co sé ngudn dé tham chiéu (co
thé stir dung) cho xay dung phan mém thiét bj do, xur 1y tin hiéu MMX/ DPX.
Pic biét khi trién khai mo phong trén MatLab hodc LabView, vi phan mém
xay dyng thiét bi ciing duoc 1ap trinh code trén LabView.

3.2 M6 hinh héa tin hiéu MMX trong mién théi gian thue va mién tin sb

MMX cudng bac ra khoi dong co do tal truc trung gian 1a tin hiéu da hai
(1a tong caa nhiéu tin hiéu hinh sin GNg Vi cac tan s6 goc oy = kzo) va

thuong duoc biéu dién dudi dang tong cia cac ham luong giac co ban sin va

COS:
M, (t) = iAk sin(kzwt) + B, sin(kzwt) (3.1)
Hay: M, (t) = ;Mk sin(kzwt+7y) (3.2)

Trong d6: M, =42 + B%y, = artan(4,/B,); z =1 cho diesel hai ky, z
= 0.5 — cho diesel bbn ky.

Theo khuyén cao ciia cac co quan ding kiém hang hai Nga [34], khi tinh
DDX hé truc chinh diesel tau thay hai ky, can xét dén it nhat 12 (M = 12)
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diéu hoa dau tién vai cac hé sd k = 1, 2, 3.....12, con khi xét hé truc chinh
diesel tau thity bon ky, s6 diéu hoa s& tang téi 25 (M = 25), voi cac hé s k =
1, 2, ..., 25. Nhu vay, dé m6 hinh hoa mo-men téng twong tng véi bién dang
do dugc tai truc trung gian (Pay la vi tri thuong duoc do trong thuc té, theo
quy pham thiét ké dudng truc thi tai day, hé sé cing xoan cia truc trung gian
thuong 1a bé nhat. Ngoai ra, day 1a vi tri thuan loi nhat dé 1ép dat tem dan
bién dang do tin hiéu MMX). Trong ludn 4n nay, NCS di sau nghién ctru hé
tryc tau kiém nguw KN168 di dong tai nha may Hong Ha - Viét Nam, trén tau
lap may chinh diesel thudc hang Yanmar, model 6EY26W (bdn ky, trung
tdc), cu thé s& duoc xét & muc 3.3 chwong nay. Tuy nhién, tai muc nay,
khong 1am mat di tinh tong quat clia van dé, chiing ta nghién ctru mo phong
tin hi¢u téng da hai, duoc xay dung theo mo6 hinh tin hi¢u MMX c¢ sai )
trich mau (phan 3.4) va xir 1y tiép theo dé khao sat bai toan do, xtr Iy mot tin
hiéu da hai hinh sin, c6 nhiéu trong mién thoi gian thyc va mién tan sd (phan
3.5). Muc tiéu cia mé phong 13 kiém chimg cac thuat toan, chuong trinh sau
nay duoc st dung cho xtr Iy cac tin hiéu do dugc mot cach chung nhét theo
yéu cau dit ra dbi vai thiét bi do, phan tich DDX hé truc diesel tau thuy.

MMX do trén truc trung gian sé& 1a tong mo-men cla timg xy lanh (tong
mo-men can tuong ddi hodc téng cac mo-men dan hoi xoan giita cac khoi
lwong chiu xodn bang 0, nén cac thanh phan nay khong xét dén). Can ma sat
tai cac xy lanh sinh ra mé-men can, ti I¢ vo1 van tbc cua tung xy lanh. Luc
quan tinh va MMQTKL cua ting xy lanh sinh ra m6-men quan tinh cta tirng
xy lanh. Phan lyc khi thé c6 muc do thay dbi 16n sinh ra luc khi thé tai xy
lanh va quy doi thanh mé-men quay (MMX) cia truc khuyu. Cac thanh phan
d6 dugc thé hién cho xy lanh k batky (k = 1, 2,..., 2):

- M6-men ngoai luc M(t);
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- Md-men ton that ma st can M ms(t) =<k Pk

2
dJy .

- M6-men cac luc quén tinh: M qt(t) =Jk ¢k+5((ka o’

Luc tac dong 1€n piston bao gém: luc khi thé Fgas; luc quan tinh cua cac
co cu chuyén dong (cum piston: piston; chdt piston; xéc ming) Fqt piston; 1urc
ma sat (can) gifta piston —so mi xy lanh Fp .. Céc lyc nay tao thanh téng
luce Fopiston:

Fpiston = Fgas + Fqtpiston * Fmsp-x (3.3)
Luc piston qua co cau bién — thanh truyén chuyén thanh mé-men cudng
bic (ngoai luc) Mypision(x) nhd ham truyén T(e):

T(¢p) = R(sing + 0.5X sin 2¢) (3.4)
Trong do: A = R/L — tham sb cua dong co;

R = S/2; S — hanh trinh piston, m;
L — chiéu dai thanh truyén, m.

Mpiston(®k) = Fpiston(Px)- T (k) (3.5)

Mo6-men Myision(@k) ctia timg xy lanh xem nhu 1a téng ctia 3 thanh phan
mé-men do khi thé, ma sat piston véi xy lanh thong qua cic xec-ming va
mo-men do luc quan tinh piston:

Muiston(Pk) = Mgas(®k) + Mgt piston(Pk) + Mms p-xi(®k) (3.6)

Céc khoi lugng cuia bién va tryc khuyu tao thanh MMQTKL ciia co cau
bién — truc khuyu, s& tao ra MMX tac dong 1én c6 khuyu tha k (xy lanh k):

Mo6-men tong cia dong co 1a tong cic mo-men cua timg xy lanh va s&

bao gdm cac mo-men thanh phan khi thé (chi thi), quan tinh va ma sat:

My)=Y M ()=Y M, . (O)+> M, ()+> M_, (1) (3.7)
k=1 k=1 k=1 k=1
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Xét thanh phan mo-men quén tinh:
M, ()= Z. M, (1)=0

Khi dong co dugc can bang tot vé phan bd khdi luong nhd cac ddi trong,
tong mo-men quan tinh rat nhé (c6 thé xem bang khong). Khi d6 phuong
trinh moé-men tong (3.7) sé& 1a téng cua hai thanh phin mo-men khi thé va
mo-men ma sat. Diéu nay phu hop véi nhitng gi chung ta da hiéu vé cong

suat chi thi va cong suat ma sat.
M, 0= Z M, (t)= Z M kfgas(t) + Z M ms t)=M kfgas(t) + M (t) (38)
k=1 k=1 k=1

Mo6-men ma sat thudng rat nho, thay doi khong nhiéu so v6i mo-men khi
thé. Chinh vi vay, tai truc trung gian, noi ta do MMX, mo-men cudng burc
chinh 14 mé-men tong cia dong co, do ciing chinh 1 mé-men cé ich cia

dong co (khi dong co duoc can bang tét va boi tron tot).
M 0 (t) ~ Z M k—gas (t) =M 0-gas (t) (39)
k=1

Trong phan nay, chung ta md phong mo-men khi thé cua timg xy lanh
qua mo phong ap suét chay trong budng dbt (46 thi cong khai trién) p(ey) cua
ting xy lanh k, ham truyén theo phuong trinh (3.5). Mé-men khi thé ctia mot
xy lanh dugc tinh:

Mgas() = P(@1)- TF(@w), (3.10)
TF(9) = (n.D*4).R.(sing + 0.5 sin 2¢) (3.11)

Hinh 3.1 - D thi cong khai trién p(ey) duoc xdy dung trén co sé tinh
nghiém nhiét qué trinh cong tic ciia dong co diesel may chinh bon ky cia
Hang Yanmar, model 6YE26W gém 06 xy lanh; bo tri thang hang, c6 ting

ap bang tuabin khi x4, 1am mat gio tang ap.
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Phuong phap tinh nghiém nhiét dong co truyén théng duoc trinh bay
trong nhiéu tai liéu chuyén nganh vé dong co ddt trong. Ban chét ctua phuong
phap tinh nghiém nhiét ciia qua trinh cong tac dong co dét trong 1a chung ta
dia vao cac thong sd dau vao (cac thong sb két ciu; cac thong s khai thac
dugc dua ra tir ho so k¥ thuat cua dong co, do nha ché tao dong co cung cap)
nhu nhiét d6, 4p suét cua khi nap ting ap (Ps, Ts), dé tinh qua trinh nén tai
diém chét trén (Pc, Tc), roi tiép sau d6 1a qua trinh chay, gidn nd cling nhu cac
thong sb tai diém c6 ap suét chay cuc dai (Pz max, Tzma), diém két thuc chay
va gian no (Pgyo, Tgo). Cac qua trinh cong tac (nén, chay, gidn no, xa, nap)
dugc mo hinh héa va tinh gan dang trong 1y thuyét dong co dét trong, c6 tinh

dén di€u kién thuc té ciia dong co diesel tau bién bang cac h¢ so thuc nghiém.

Theo ly thuyét dong co d6t trong, thuong gia thuyét qua trinh nén dic
trung boi chi s6 nén da bién trung binh ny, tuy nhién thuc nghiém déi voi timg
loai dong co co chi s6 nay khac nhau, tham chi gia tri ctia chi s6 nay khac
nhau & ting ché do vong quay khai thac. Trén co s¢ d6, NCS da dung s liéu
tir ho so k¥ thuat ctia dong co (Ps, T, ti s6 nén € ctia dong co) dé xac dinh chi
s6 nay theo ting ché d vong quay n; = N/Nye, = n/750. Theo ho so ma nha ché
tao Yanmar dua ra chi c6 mot sd ché do khai thac dic trung, NCS da mo hinh
hoa va thu dugc mé hinh toan hdi quy (da thire bac hai theo bién n%) viét cho
cac thong s6 trén vai do tin cay cao (mo hinh viét cho P, P, dat 99%:; Ts — mo
hinh dat d6 tin cdy trén 95%), rat phu hop cho tinh toan d6i véi cac bai toan
k¥ thuat cua ddi tuong. Cac két qua nay NCS thu duoc trong qua trinh tham
gia thyc hién dé tai NCKH - CN cp Qudc gia do GS.TS. Luong Cong Nhé
lam chd nhiém, Truong Pai hoc Hang hai Viét Nam chu tri. Do vay NCS xin
ké thira str dung co so dit liéu tir hd so tinh nghiém nhiét dong co dé mo

phong db thi cong chi thi nhu hinh 3.1.
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Két qua mo phong tinh d6 thi cong p(¢) cho mot xy lanh duge chi ra
hoan toan phu hop gitra két qua mo phong va cac diém dic trung theo hd so
do nha ché tao dua ra.

Pé mé phong tin hiéu MMX/DDBX cua h¢ truc diesel lai chan vit tau thuy
khi c6 mét xy lanh khong chdy, song xy lanh d6 van thuc hién qua trinh nén
(Theo quy pham), NCS da phan tich va m6 phong dac tinh duong p(@) thanh
tong cta hai dudng nén Pep(®) va dudng chay prie() twong tng voi hé sO
chdy Cs = 0 (khi xy lanh khong dién ra qua trinh chay) va C; = 1 (khi xy lanh
dién ra qua trinh chay binh thudng)

P(Pk) = Pep() + Ct -Prire(0)

Pic tinh cong chi thi p(py) dugec md phong cho ché do xy lanh chay
binh thuong, dac tinh nay s€ tao ra hai duong dac tinh mo-men xy lanh khi

thé dong co diesel chay binh thuong va dong co diesel khong chay.
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Hinh 3.1 D6 thi cong chi thi va khai trién cia dong co Yanmar 6EY26W
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3.3 M6 phong tin hiéu MMX hé truc diesel tau thiy trén dong co
Yanmar 6EY26W

Tir cac ddc tinh mod phong ap sudt trong xy lanh (d6 thi cong khai trién
hinh 3.1) nhu trén, ta co thé tinh va biéu thi cac dic tinh MMX nhu sau:

Mo6-men khi thé ctia cic xy lanh 1éch pha nhau theo thi ty chdy ctia dong
co. Pbi voi dong co dugc xét, Yanmar 6EY26 W, thu tu no:1-6-2-4-3-
5, 1éch pha theo thir tu chay 1a 120 d6 goc quay truc khuyu (gqtk). Néu ta
trich mau N = 1024 mau, goc kep nd lién tiép nhau s& c6 do 1éch khoang 170
mAu. Lap trinh trong MATLAB, voi gia thiét ap lyc cua tat ca cac xy lanh 1a
nhu nhau, ta thu duoc mo-men khi thé riéng cho timg xy lanh va mo-men
téng theo s6 miu cho mét chu ky, duoc thé hién trén hinh 3.2 tuong trng voi
truong hop cac xylanh chdy binh thuong (hinh 3.2a) va truong hop co 1
xylanh khong chdy TMC; (hinh 3.2b).
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(b) Khi dong co co 1 xy lanh khong chay (TMCI)
Hinh 3.2 Mé-men khi thé caia tirng xy lanh va md-men tong dong co 6EY26W
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3.4. M6 phéng xir 1y nhiéu cho tin hiéu MMX
3.4.1 M6 phéng loc nhiéu tin hiéu MMX trong mién thoi gian

Tin hiéu MMX do dugc trong mién thoi gian thuc (real time) thuong
chtra nhidu do nhiéu nguyén nhan khac nhau. Déi voi tin hiéu MMX, theo
cac myc dich st dung cu thé MMX ma ching ta can XU 1y tin hiéu c6 nhiéu
nay dé xac dinh céc dic tinh nhu gia tri trung binh trong mot chu ky lam
viée, gia tri trung binh dac trung cho giai doan cong tac cua tung xy lanh
tuong tng, cac dac tinh cyc tri cua tin hi¢u. Nhu vay, tin hi€u m6 phong co
nhiu can duoc xtr Iy dé loai b nhidu va xir 1y tin hiéu c6 ich theo muc dich
st dung.

Céc dang bo loc dugc xay dung da dang, phong phu trong MATLAB
cling nhu trong xtr 1y tin hiéu s6 noi chung, song van dé can ap dung cho bai
toan cta chung ta 1a loc tach nhiéu khéi tin hiéu s6 do dugc.

V&1 nhiém vy dat ra, sau khi khao sat kha nang st dung mot s6 bo loc ¢6
trong MATLAB, ching ta s€ van dung vao mé phdong xur 1y tin hicu MMX
c6 nhidu qua loc tin hiéu sd. Theo tro gitp cia MATLAB —Help, chung ta
tim hiéu kha nang Ung dung bd loc Kalman vao du bdo doan tin hi¢u con
thiéu trén co so tap dir liéu da thu thap.

Khi khao sat MMX & ché d6 tit ca cac xy lanh hoat dong binh thuong
(ché 36 NORMAL), MMX duoc md phong voi mie do nhiu Arand = 15.
Gia tri nay duoc hiéu 1a % cua bién do co ich cuc dai. Tin hiéu ¢ nhiéu can

loc:
Mo_r(k) = Mo + Arand*rand(k) (3.12)

NCS da str dung bd loc truot trung binh (Filter Average Slide - FAS), m6
phong mé-men tong c6 nhidu, két qua dau ra duoc chi ra 1a duong mau do,

duong mau xanh - tin hiéu chua duge xir Iy nhiéu (hinh 3.3).
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Két qua xay dung cac bd loc cho truong hop MMX da hai, c6 nhidu véi

bién d¢ Arand = 15% (kN.m), cua dong co diesel Yanmar 6EY26W khi dong

co chay binh thuong dugc moé phong trén hinh 3.3,
Tuong tu két qua xay dung cac bod loc cho truong hop MMX da hai, ¢6

nhiéu véi bién d0 Arand = 15% (KN.m), cia dong co diesel Yanmar
6EY26W khi dong co c6 mot xy lanh mit chay dugc mod phong nhu trén

Campare M, M1[#t of 25 sams) & MXsum ord 25 hams) an the ME, 780 spm, Normal regme

hinh 3.4.

Momeres on the IMS, re?50 rpm, Norms regiee, Arand = 015
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Hinh 3.3 Tin hiéu mé-men tong c6 nhiéu khi dong co 1am viéc binh thwong
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Comgare M, W1FR of 25 hams) & M2sum aT 2 bame) on fhe (WSS, i3 o, Mol regime
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Hinh 3.5 Loc nhiéu tin hiéu mé-men tong khi déng co 1am viéc binh thuwong
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Hinh 3.6 Loc nhidu mé-men tong ¢6 nhiéu khi dong co c¢6 1 xy lanh khéng chay
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Tin hiéu m6-men téng do duoc luon chira nhiéu nhu trén hinh 3.3 va hinh
3.4 da dugc x1r Iy nhiéu b::ing céc bo loc sd khac nhau nhu bé loc truot trung
binh; bd loc pha-zero; bd loc thich nghi;....Trong ndé1 dung nay NCS da su
dung bd loc s6 kiéu truot trung binh dé ting do chinh xac trong xir Iy nhidu
cho tin hiéu MMX tong da hai do duoc voi két qua mo phong dung quy luat
va thun tién dé nghién ctru xdy dung phan mém chuyén dung c6 do chinh
xéc cao tiép theo. Két qua mo phong tin hiéu mo-men tong ¢ nhidu da duogc
xt 1y loc nhiéu dugc thé hién cho ca 2 truong hop: dong co lam viéc binh

thuong (hinh 3.5) va dong co lam viéc khi mot xy lanh khong chay (hinh 3.6).
3.4.2 M6 phéng loc nhiéu tin hiéu MMX trong mién tin so

Tin hiéu do duoc trong mién thoi gian thuc (real time) nhu trén di phan
tich ludn chira nhiu. Theo quy dinh cta to chic Pang kiém qudc té (IACS)
tin hiéu DDX can duoc phan tich dé xac dinh kha ning xay ra cong huong
cling nhu bién d6 cia cac diéu hoa quan trong, DPX 16n nhét (peak to peak)
& tat ca cac vong quay nam trong vung khai thac van tbc quay cua hé truc,
sao cho tng suat cuc dai nay khong vuot qua giéi han quy dinh. Tin hiéu
MMX cudng birc dugc xét toi thieu M = 12 diéu hoa ddi véi dong co diesel
hai ky, con ddi voi dong co 4 ky, s6 luong didu hoa s& xem xét 1a M = 25,

Nhu vy, dai tan can nghién ctru 1a dai thong thap, tir f, dén fi,

+ Pbi voi dong co hai ky: f, = n/60; con fy= 12.n/60 = n/5 (Hz)

+ Pbi voi dong co bon ky: f; = n/120; fy = 25.n/120 = 5n/24 (Hz)

Cong cu toan hoc hiru hiéu nhét trong xtr Iy DPX 1a phép bién d6i FFT
trong mién tan s6. Pbi véi tin hiéu roi rac do duoge trong mién thoi gian thuc,
ta bién doi FFT dé xac dinh pho tan cua tin hiéu ndy trong mién tan so.

Vé co sé toan hoc di dugc dua ra nhu 1a cong cu toan hoc kinh dién cho

xur ly tin hi¢u s6. Tuy nhién, ching ta can tim hiéu y nghia cua ching va
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phuong thirc sir dung cho 1ap trinh xir 1y tin hiéu trong LabView ciling nhu

trong MatLab.

Trong LabView ciing nhu trong MatLab d3 cé san thu muc cac cau lénh
cho xir Iy FFT ciing nhu bién doi FFT ngugc. Pay 14 hai cong cu manh cin

st dung dung dé€ han ché sai s6 do “ro ri”, hay “méo” tin hi¢u pho tan.

Cong nghé xir 1y tin hiéu trong mién tdn sd, trong MatLab ciing nhu
trong LabView d3 c6 san cac lénh, sit dung mot s6 dang ctra ) (Hanning;
Hamming; Blackman — Haris; Kaiser...), chung ta dé dang st dung ciing nhu
tham khao dé 1ap trinh qua cac vi du lién quan, twong tmg, dic biét trong

LabView.

RM, Rap(sum of 25 harms) on the IMS, n=7a0{tpm]Marmal & A0

]
]

I
SO diéu hoa

: i Sampling Errors of Moments on the IM3, n=750{rpm)Normal & Ar=D
| | T T
; — dR=R0-Rsp
1_ .................................................................................... ........................................................ —
Eolot 9 | b o o 940 9
< % ¢ l l $ L 6 l 0 8
: ]
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2 | | i |
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Hinh 3.7 Mé-men tong khong chira nhiéu khi dong co chay binh thwong
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RO, Rsp(sum of 24 harms) on the IM3, r=780(rpmiMF1 & A=D

£l T ! ! !
; - ; : Rl
L & T R T .......... —Rsp |
E :
z ;
= :
L1 S S Y U LU LR pr q
0 P e
I 1 A i
| 36 diéu hoa
o™ Sampling Errors of Moments on the IM3, n=Ta0{pmiMFT & A=D
2 ] | I |

| =9 dR=R0-Rsp

[kMrn]

T
S
I,

£

Hinh 3.8 Mé-men tong khong chira nhiéu khi dong co khong chay 1 xylanh

Két qua moé phong trén hinh 3.7 cho thiy khi dong co diesel Yanmar
6EY26W 1am viéc tai vong quay dinh mutrc 750 v/ph, néu tin hiéu MMX do
duoc khong chira nhiéu, cac xy lanh chay binh thudng thi d6 léch mo-men
tong theo sb bac didu hoa 1a rat bé (1+1.5)x10™* KN.m, duong Ry gan nhu
trung vo1 duong Ry, ké ca khi dong co diesel khong chay 1 xy lanh thi do
léch mo-men tong nay ciing rat nho (hinh 3.8).

Ciing ¢ ché do vong quay dinh mic 750 v/ph nhu trén nhung néu tin hiéu
MMX do duoc c6 chira nhiéu Arand = 15% thi do 1éch mo-men téng theo sb
bac diéu hoa s& bat ddu xuat hién nhu hinh 3.9 (chay binh thuong, c6 nhiéu)
va hinh 3.10 (khong chay 01 xy lanh, c6 nhiéu) thi gi4 tri sai léch mo-men

téng co sy thay ddi nhung van con tuong ddi nho (2+4) x10° KN.m.
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RO, Ren(zurn of 25 harms) on the IMS, n=750(mpmiNarmal & A=15%

! ! !
E : : =l
e N —Rsp ]
i | P
10 15 R
S6 di€u hoa
10 Sampling Errars of Maments on the IM3, n=750(rpm)Mormal & A=156%
I T T T
: ©| =9 dR=RO-Rsp
i b
T ? ? s T . ? T T a OO -~ ? T T
b 5 b | !
h i | | |

] 10 15 0 5

Hinh 3.9 Mé6-men tong c6 nhiéu khi déng co chay binh thwong

R0, Rspisum of 25 harms) on the I3, re7S0{pmiMF & A=15%
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Hinh 3.10 Mé-men tong c6 nhiéu khi ddng co khong chay 1 xy lanh
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3.5 Mé phoéng sai s6 trich miu trong do va xir Iy tin hiéu MMX
3.5.1 Sai s6 trich mau

Sai s6 trich mau (1dy mau) 1a hé qua cua viéc chon (thiét 1ap cdu hinh) lay
mau sai, doan trich mau khong tuong thich cho mét chu ky 1am viéc ctia dong
co (gdm z Xy lanh). Poan trich miu 1y tuong la doan phil vira kin chu trinh
lam viéc cua dong co, dbi véi dong co diesel hai ky, doan d6 twong ting 360
d6 theo goc quay truc khuyu (gqtk), con déi véi diesel bon ky, d6 1a goc phi
da 720 do gqtk.

Céc phuong phap trich miu c6 thé trién khai:

(a) Giir nguyén tan sd trich mau F, (Hz, S/s) cta bd gop dir liéu DAQ (F,

= constant), khi d6 trich mau theo khoang thoi gian nhat dinh (T = constant);

(b) Gitr nguyén tan s trich mau Fs (Hz, S/s) bang cach khong thay doi
cau hinh cua bo gop dir liéu DAQ (F, = constant), sé lugng mau khong ddi

(Ns = constant);

(¢) Giir nguyén tan so trich mau ctia bd gop dir liéu DAQ (F, = Constant)

va dit sb luong mau N; thay doi theo s6 vong quay thuc té ciia dong co.

Phuong phép (a va b) s& cho ta mot lwong mau do dugc thay doi theo
vong quay cta dong co trong mot don vi thdi gian khong doi (trong khoang
thoi gian khong doi, luong mau trich ra ti 1& thuan véi thoi gian trich doan
mau d6, vi tan s6 trich mau khong doi, thoi gian trich mot mau ciing khong
d6i). Khi dong co quay nhanh hon, lugng mau trich dugc s& 16n hon lugng
mau ¢ toc do dit ban dau (gia str dat chuan cho mot chu ky lam viéc). Nguoc
lai, khi dong co quay cham hon, lugng mau trich ra khong du thong tin cho
mot chu ky. Vé ban cht ctia qua trinh, ching ta s& khong di thong tin dé do

tin hiéu MMX chinh xac, con vé két qua xir Iy FET s& cho sai sd rat 16n.
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Phuong phap (c) cho ta lugng thong tin ding, du cho mot chu ky hoat
dong cua di tuong. Khi dong co quay nhanh, sé luong trich miu trong mét
chu ky s& it di, con khi dong co quay cham lai, sb luong trich mau sé ting 1én,

tuy nhién thong tin van dam bao di cho mot chu ky 1am viéc.

Phan noi dung trén da cho thay rang co thé xay ra sai s khi lay trich mau
tin higu MMX do dugc. Sy khong chuan trong viéc trich mau duogc thé hién &
chd doan trich mau ngén hon hodc dai hon mét chu ky can trich mau. Piéu
nay thuong gan voi thuc té khi cai dit cau hinh do, ciing nhu trong thyc té do,
vong quay ctia hé truc chan vit thay doi, lam cho viéc thiét 1ap cau hinh trudc

day khong diang.

Sai s0 trich mau nhu trén phan tich c6 thé xay ra khi: Téc do trich mau da
thiét 1ap khong doi (Fs = const), doan trich mau thiét 1ap bang doan twong ng
v6i chu ky 1am viéc duoc thiét 1ap (Tsp = T¢c = const, gidy), hay twong ung voi

so luong mau ta co dinh trudc.
Trong ndi dung nay, chiung ta s€ nghién ctru 2 bai toan:

(1) - Khi ¢6 sai so trong trich mau, xac dinh murc d6 sai so (sai 1éch so véi gia
tri ban dau khong c6 sai so trich mau) cua cac bién do phan tich ma thiét bi do

(phan mém tinh) dua ra;

(2) - Néu c6 sai sb 16n, can tim phuong an giam thiéu sai sb tir phuong phap
loc, hodc c6 bién phap hi€u chinh cai dat lai cAu hinh trich mau. Dong co lam
viéc & téc d6 khac nhau, nhung khi trich mau chiing ta phai chon ché do 6n
dinh cu thé, vi du n = 750 v/ph va tuong mg v4i vong quay ndy, ta chon sb
lwong miu du cho trién khai FFT dam bao duoc do chinh xéac trong xir 1y dit

liéu do, ké ca khi tin hiéu c¢6 nhiéu (vi du Ng = 1024 mau).

(a) SO luong trich mAu nhiéu hon cho mot chu ky cong tac cua dong co, (thoi

gian trich mau Ty, 16n hon thoi gian chu ky thuc té dong co can co T¢), hay
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tuong dwong véi van toc quay dong co thuc té ng 16n hon van tdc quay thiét

1ap n¢) duoc thé hién trén hinh 3.11.a.

(b) S6 lwong trich miu khong di cho mét chu ky cong tac ciia dong co (thoi
gian trich mau T, nho hon thoi gian chu ky thuc té dong co can c6 T¢), hay
tuong duong véi van toe quay dong co thuc té ng nho hon vén téc quay thiét

1ap n¢) duoc thé hién trén hinh 3.11.b.

KN.m

-

b Tra < ‘
'(

Hinh 3.11 Trich miu tin hiéu mé-men khi thé

(a): Poan trich Ng > Ns (thiét lgp), khi ng > ¢ (thiét Idp), T > T
(b): Poan trich Ng- < Ns (thiét lap), khi ng < ng (thiét ldp), Tep < T¢
Puong 1: Mé-men tong ¢ ché o cdc xy lanh chdy binh thuong;
Puong 2: Mé-men tong ¢ ché dé mét xylanh khong chdy.
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S6 lugng miu dugce trich Ny (mau), trong mot khoang thoi gian Ts (gidy).
Trong cai dit, ta chon toc d6 14y mau Fs (Hz, mau/gidy) va sé luong miu N,
Vi toe do léy mau cai dat, thoi gian trich 1 mau dt = 1/F (s, hodc ms, hodc

us) va thoi gian trich mau lva chon tuong tng, ta c6: N = T /Fs;

Vé phia hoat dong cua dong co, thong s6 toc do quay cua truc can duoc
xem xét sao cho trong mot vong, d6i voi dong co bdn ky ta trich dit Ng mau,
N = 2°, p s6 tu nhién (thong thuong p = 9 hodc p = 10). Chu ky T (s) v6i
van toc quay n (v/ph) twong tmg 1a T = 1/ o, = 60/(2xn) = 30/(nn) trich

duoc du N = 2° mau.

Mdi quan hé & ddy can thiét 1ap toc d6 1dy miu:
F, =2°.n/120 (3.13)

Trong thuc té, toc do trich mau duoc thiét 1ap, phu thudc vao loai DAQ
(phan cung) chung ta s dung. Vi dy, DAQ 9184 cuia National Instruments
c6 tan so trich mAu cuc dai cho 1 kénh 1a 50 kHz (twong dwong 50000 mau/
gidy/kénh). Khi ta thiét 1ap ciu hinh do tir khai bao cdu hinh hé thong, thong
thuong gia tri nay khong doi. Gia thiét F, = 25000 mau/gidy/kénh, khi do néu
vong quay khai thac ctia dong co thay doi (diéu nay thuong xdy ra, dic biét
l1a nhitng dong co trang bi bd diéu téc nhiéu ché do), chung ta s€ c6 dugc
luong mau trong mot chu ky 1am viéc cua dong co thay doi. Gia thiét vong
quay dong co ting lén (so voi vong quay di tinh toan tuwong tmg véi sé mau
Ns), $6 lugng mau & ché do nay can thiét s& nhé hon Ng va nguoc lai, khi
vong quay dong co chdm hon so v6i gia tri vong quay tinh todn tuong Ung,

sO luong mau s€ can trich 16n hon N.

Trong cai dat Ny = 2° = 1024 mau, dai vong quay thay d6i thi tan sb lay
mau cung thay d6i theo cong thirc (3.13) va duoc chi ra trong bang 3.1.
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Bang 3.1 Thiét Iap cAu hinh trich miu cho hé truc diesel Yanmar 6EY26W tau

KN168

Ns (miu) 1024

Khs 2.23
ne (v/p) 550 600 650 700 750
npe (V/p) 246.6 269.1 291.5 313.9 336.3
Ts (s) = 120/ng 0.487 0.446 0.412 0.382 0.357

Fs (Hz) = Ns*ng/120 | 2104.63 | 2295.96 | 2487.29 2678.62 | 2869.96

[Fs](H2) 2104 2295 2487 2678 2869

3.5.2 M6 phéng s6 tin hiéu mé-men xoin khi cé sai so trich mau

Chuong trinh md phong trén Matlab véi diéu khién sé mau trich twong
tmg cho N = 1024 diém, budc nhay goc (theo gqtk) trong 1ap trinh s& thay
d6i tbc 46 quay duoc lya chon + 10 v/ph. Mét doan co sé dit liéu tuong tmg
cho bién gbéc quay c6 thé 16n hon hoic nhé hon mét chu trinh cong tac (720
d6 gqtk). Cac budc thuat toan dé thuc hién mo phong s nhu sau:

Bugc 1. B6 tri cac hang sb trong chuong trinh (chung cho tat ca céc
truong hop thay doi bién vong quay dong co) nhu: N = 1024 miu; F, = 2048
(Hz); T, = 0,5 (s);...Trong truong hop md phong MMX theo 25 diéu hoa,
chung ta can c6 bién do cac diéu hoa (vécto A, B trong cong thirc 3.1). Trong
truong hop mé phong MMX theo md hinh tinh qua trinh cong tac ciia dong
co, chung ta s& sir dung két qua tinh MMX cho trudng hop khong cé sai sd
trich mau.

Buwéc 2. Xay dung bién diéu khién trong 1ap trinh mo phong — vong quay
ctia dong co, duoc diéu khién cho 11 truong hop xét (700 - 800) v/ph. BS tri

cac bién (cac ma tran) luu trir két qua trong qua trinh tinh ctia bude tiép sau.
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Bwdc 3. Thu thap tin hifu MMX theo vong quay khai thac duoc trich
mau theo gia dinh c6 d6 dai 1024 diém, twong tmg véi bién goc quay ¢s nam
trong doan trich miu Ag. Day 1a cong doan quan trong sao cho dau vao dam
bao dé tiép tuc xir 1y tin hiéu & budc tiép theo.

Két qua cua day tin hiéu dau vao duoc biéu thi roi rac theo mién thoi

gian (tuwong ung véi cac goc quay truc khuyu).

Bugc 4. Phan tich diéu hoa trong mién tan s6 cho tin hiéu MMX da duoc
trich miu, twong Gmg v&i timg gia tri vong quay da chon. Két qua cia budc
ndy dua ra vécto bién do va pha cua tin hiéu dugc trich mau trong ting
truong hop vong quay dugce xét (ta bd tri cho mang gdm 25 diéu hoa dau
tién), do sai Iénh cta cac bién do diéu hoa (co thé minh hoa thém ma tran pha

ctia 25 diéu hoa).

Buwge 5. Luu lai két qua mo phong dudi dang file dit liéu *.data cac két
qua can thiét dé xtr 1y (c6 dinh dang phu hop trong MatLab). Pua ra man

hinh (v& db thi) nhitng két qua can quan tam.

Nhitng két qua luu lai s& dugc tai ra (load) dé tiép tuc xir Iy cho cac muc

tiéu phan tich va xtr 1y tin hiéu DX sau nay.
< Mgt sé dic diém trong mé phong tin hiéu MMX da hai:

- Budc 3 va 4 s& cing nam trong mot vong lip (for) khi cho bién diéu

khién vong quay dong co thay doi.

- Mo hinh dé xuat 14 mo hinh giai tich, twong minh theo cong thirc tinh

tong cac MMX dang sin va cos dugc néu trong ndi dung 3.1.

- Yéu cau dau vao ngoai bién diéu khién ché do thir nghiém ng (v/ph),

chung ta can bién diéu khién goc ¢, v6i dphi = A/ 1024,
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C6 hai cach dé xay dyng tin hiéu MMX can trich miu d& mé phong trong
mién thdi gian. Cach tht nhat dung ndi ngoai suy timg doan dé duoc gia tri
trich mau. Céach nay kha phuc tap va dua ra sai sb thudt toan cua phép ndi
suy tuyén tinh. Cach thir hai dya trén mo hinh hoa giéng nhu trudng hop dau
ta dua vao cac véc to bién do va pha (25 diéu hoa). Nhu vay, tin hiéu dau vao

¢ mién thoi gian dugc bién déi FFT dé thu dugc cac véc to diéu hoa.

Véi phan tich trén, viéc nghién ctru md phong ca hai truong hop déu
gidng nhau vé nguyén tac, chiing ta chi can trién khai cho mot truong hop
ma thoi. Trong ndi dung nghién ciru ndy, sé trién khai nghién ctru 4p dung

cho day tin hiéu dugc mo phong ddi véi dong co Yanmar 6EY26W.

Thuc nghiém duge xy dung trén co sé gilt nguyén toc do trich mau va

doan trich mau (F, khong d6i va Ng = 1024 mau).

Chung ta khao sat cac ché do vong quay ctia dong co bon ky, Yanmar
6EY26W, tai vong quay 750 v/ph, sai s trich mau khi dong co thay doi ¢
dai téc do + 10 v/ph, hay [700, 800] v/ph, véi budc: 10 v/ph 1a: 700, 710,
720, 730, 740, 750, 760, 770, 780, 790 va 800 v/ph.

Pau vao tin hiéu chuan (md-men téng) s& dugc md phong:
RO =[RO(1),..., RO(25)]; (3.14)
Rsp = [Rsp(1),..., Rsp(25)]; (3.15)
Trong do6 véc to RO — véc to bién dg; Rg, — véc to pha cua 25 diéu hoa.
Sau khi goi dit liéu dugc luu tur file MOMENT Total nor.data béng 1énh
trong MATLAB:
Load MOMENT _Total nor
Ta c6 véc to bién do Ry va Ry, & ché d6 vong quay khai thac chuan n = 750

v/ph nhu bang 3.2.
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Bing 3.2 Sai léch trich mau 25 diéu hoa tai vong quay 750 v/ph

S6 diéu hoa Ro[KNm] Rsp(sum25) | dR =Ry—Ryp
1 2.050731 2.05073076 | -8.88178E-16
2 1.337999 1.33799876 | 1.33227E-15
3 0.725164 0.72516422 | 1.22125E-15
4 0.481587 0.48158697 | 1.11022E-15
5 0.518853 0.51885332 |  4.88498E-15
6 27.98487 27.984873 0
7 0.636154 0.63615429 | -4.32987E-15
8 0.049433 0.04943296 | -4.04538E-15
9 0.228939 0.22893891 | -8.32667E-16
10 0.23516 0.2351595 |  4.63518E-15
11 0.462483 0.4624834 | -3.55271E-15
12 11.9894 11.9893961 | 1.77636E-15
13 0.467789 0.46778908 | 2.05391E-15
14 0.278831 0.27883138 | 2.16493E-15
15 0.304336 0.30433645 | -1.16573E-15
16 0.186027 0.18602724 4.996E-16
17 0.170164 0.17016413 | -2.19269E-15
18 2.778866 2.77886572 | -8.88178E-16
19 0.278458 0.27845758 | -6.10623E-16
20 0.132736 0.13273553 | 3.88578E-16
21 0.046875 0.04687509 | -4.02456E-16
22 0.266876 0.26687559 | 5.55112E-17
23 0.166414 0.16641433 | 9.99201E-16
24 2.563125 2.56312521 0
25 0.206225 0.20622517 | -3.05311E-16
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Chung ta so sanh do l¢ch gitra véc to bién do dau vao R, véi véc to bién
do tinh dugc trong timg trudng hop trich mau R, Két qua nay duoc thé hién
trong ma tran MR _ Ar da khéi tao.

Al =MR_Ar(:,:,1);
A2 = MR_Ar(:,:,2);

(3.16)
A24 = MR_Ar(:,:,24):
A25 = MR_Ar(:,:,25):

Sau khi Iuu lai dit lidu & file sample_study.data, ta c6 thé doc va xir 1y di
liéu duéi dang ma tran 2 chiéu, voi doan code chuyén ddi tir 3 chiéu sang 2
chiéu (3.16). Poan code viét 11 ma tran kich thudc 3x25x11 twong Gmg véi
11 truong hop trich mau, 25 diéu hoa va 3 bién do Ro, Ryp va dR = Ry — Ry,

Khoi tao bién ma tran MR _Ar c6 kich thude 3 x 25 x 11 véi gia tri ban
dau bang 0 dé luu trit két qua cho 11 truong hop trich miu Ns theo véc to

diéu khién vong quay ctia 11 truong hop (700 v/ph = 800 v/ph).

R0, Rsplsum of 25 harns) on the M3, r=f00{mmiRormal & A=0
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Hinh 3.12 Mé-men tong ciia dong co khi lam viée tai 700 v/iph
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RO, Replsum of 25 harms) on the IMS, n=800(rprm)iMarmal & A=0

10 15 20 25
S4 diéu hoa

(]
g}

Sampling Errors of Moments on the IMS, n=E000rpmiNormal & A=
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Hinh 3.13 Mé-men tong ciia dong co khi lam viéc tai 800 v/ph

Khac véi truong hop tin hiéu c6 chta nhiéu, trudng hop trich mau sai (sb
luong mau 1024 / doan trich mau khong phu chinh xac d6i voi 1 chu ky cong
tac ctia dong co (twong tng 2 vong quay truc khuyu, 720 do gqtk), ngay ca
khi tin hiéu 25 diéu hoa khong chtra nhidu (Arand = 0), déng co chay binh
thuong & tit ca cac xy lanh thi do l1éch mé-men tong xuat hién rat 16n +
(10+15) KN.m, két qua mo phong chi ra trén hinh 3.12 khi giam vong quay tir
750v/ph xubng con 700 v/ph (dn = - 6.6%) va hinh 3.13 khi ting vong quay
tir 750v/ph 1én 800 v/ph (dn = + 6.6%) thi 46 1éch mo-men tong theo bac diéu
hoa thay doi rat 16n khi vong quay bién thién. Diéu d6 c6 nghia 1a khi co sai
s6 trich miu trong do tin hiéu MMX thi s& anh hudng rat 16n dén két qua do
va phan tich DbX.

Két lugn:

- Piéu dau tién nhan thay 1a khi mot xy lanh khéng chay, bién d6 cua cac
diéu hoa thir cap rét 16n, thdm chi con 16n hon ca bién do cua diéu hoa chinh
(so sanh véi bién d6 diéu hoa s6 3, 6, 9, 12, 15, 18, 21 va 24).

- Két qua chtng minh tinh ding din trong 1ap trinh moé phong, ding quy

luat khi dong co c6 6 xy lanh lam viéc binh thuong va khong chay 1 xy lanh.
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- Theo s6 liéu trong phu luc d3 chi ra sai sé khi vong quay thuc té bi sai
léch so véi gid tri vong quay thiét 1ap trong trich mau, ngay ca khi d6 léch
chi c6 + 10 v/ph. Gia trj thay doi vong quay cang 16n thi sai s6 trich mau sai
1éch dbi véi tin hiéu mo-men tong cang 1én (phu luc 1).

Tém lai, v6i két qua thu dugc trong trudng hop mo phong tin hiéu MMX
c¢6 nhidu Ar = 15 (nhiéu tring, c6 gia tri trung binh bang khong) khi trich
mAu c6 sai sd, can co bién phap giam sai sd. Ngoai ra, d6i v6i cac diéu hoa
béc cao hay c6 gia tri qua nho, ching ta c6 thé bo qua khong xét dén chung,
vi d6 1a do sai sb trong tinh toan va ban than nhiig diéu hoa dé ciing khong
¢ ¥ nghia trong qua trinh nghién ctru. Nhung phai dic biét luu y van dé sai
s6 khi trich miu khong dung cho mét chu ky cong tac cua dong co diesel lai
chan vit thudng xuyén dao dong vong quay do tai ngoai thay d6i lam thay
d6i vong quay cho trudc.

3.6 M hinh va so dd thuit toan tw dong tinh DPX va USX

Giai bai toan DDX, USX hé truc diesel tau thay nham kiém tra trén ting
doan truc xem c6 dam bao tiéu chudn USX nho hon gia tri cho phép hay
khong tai tit ca cac dai vong quay khai thac, & tit ca cac ché do khai thac c6
thé dién ra trong so d6 van hanh hé truc (di voi tai tir chan vit) va khi dong
co hoat dong binh thuong (tat ca cac xy lanh déu chay binh thuong) ciing
nhu mot xy lanh khong chay (song qud trinh nén van hoat dong binh
thuong). Pé dat dugc muc tiéu trén can gidi cac bai toan tinh DDX cho tirng
truong hop cu thé, trude tién phai mé hinh hoa hé dong luc thanh mot hé
dong hoc tuong ty, dugc biéu dién bang mot hé phuong trinh toan hoc (md
hinh toan hoc), sau d6 xay dung thuat giai dé lién két truc tiép cac bai toan
thanh phan véi nhau.

3.6.1 M hinh hé truc diesel tau thiy tau kiém nguw KN168

Viéc xay dung mo hinh dong hoc hé truc diesel tau thuy cang day du va
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mo ta chi tiét tit ca cac khau lién két trong co hé khong nhimg c6 mot ¥
nghia dwa mo hinh dang xét vé gan véi thyuc té, ma con lam ting d6 chinh
xéc khi xét ban chat DDX.

Céc doan truc c6 cung chirc ning thuong duge moé phong vé mot hoic
mét sbé khdi lugng tap trung, lién két v4i nhau boi 10 so bién dang X04n
khong trong lugng. Néu hé truc gé)m diesel lai1 truc tiép chan vit, khong lai
may phét dong truc, mo hinh tinh DPX s& c6 dang md hinh thang. Khi hé
truc diesel lai dong thoi lai chan vit va may phét dién, mo hinh tinh DDX sé&
twong tmg dua vé dang mo hinh r& nhanh.

Trye
Vo

. hOp L)‘

SO hap '
So1 S62 SG3 So4 S65 Sh6

o 200090 |70

nehmm‘r:mg 0 L i 6) L O ‘ .‘ ‘

Nhém xy lanh

Truc
’ i chin
Khap vit

. . noi
Bénh da 3 .
mem Chén vt

ding co

Hinh 3.14 M6 hinh ddng hoc twong dwong ciia hé truc tau Kiém nguw KN168

Hé truc chinh diesel lai chan vit dugc tinh cho tau kiém ngu KN168
duoc mo hinh hoa thanh 13 khéi lugng [24], tao thanh md hinh dong luc
thang (hinh 3.14), trong d6 c6 cac MMQTKL tap trung tai co cdu truyén
chuyén dong du truc, tai 6 xy lanh, banh da, ly hop, hdp sb, truc chan vit va
chan vit.

Céc thong ) dong luc hoc co ban cua co hé tinh DDX dugc xay dung
trén co s& kich thuée hinh hoc, dic tinh khoi lugng, dac tinh dan hoi doc va
hé sd truot cua vt lidu ché tao tung doan tryc 1ap theo bang co s& dir 1iéu cho

trudc cia nha san xuat Yanmar dugc dang kiém NK giam sat va chap thuén.
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3.6.2 Gidi thuat ty dong tinh DDX

BAT DAU

Nhép cac Cho tinh | Cho tinh luc & | Cho tinh Cho tinh USX
ST1 |thongso DbXty | MMX cudng DbX cudng | & [USX]
dong lyc do burc burc

hoc, ky thuat I" e 7 ST1.2 ST1.3 ST1.4

A 4
K =1, Ché d6 WR(k) — Normal
v
Ché d6 vong quay i=1: n=N(i); v/ph
v
ST2 Tinh DBX tu do

A 4
Tinh lyc cudng bure (khi thé, quan tinh) va MMX
cudng buc — phu thudc vao n, WR(k)

v

ST4 Giai bai toan DDX cudng buc

ST3

\ 4

Xéc dinh USX trén doan truc trung gian & [USX]
trén cac doan truc.

ST5

Yes

Choi =i+ 1; n(i); (i) < N

Hién thi d6 thi USX theo

A

No

A 4

k=k+1: WR(K)-MisF

Yes
No
Két thic

Hinh 3.15 So' d6 thuat toan tu dong tinh DPX va USX
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PAu tién can nhap cac thong $6 dong luc hoc k¥ thuat hé dong luc can tinh
DDX va USX (ST1) theo so dd thuat toan chung (hinh 3.15), sau d6 trién khai
cac budce tiép theo cho luu d6 tinh DPX ty do (ST2); tinh luc cudng birc va
MMX cudng birc (ST3); tinh DDX cudng birc (ST4) va xac dinh USX trén

doan truc trung gian, USX cho phép trén cac doan truc (ST5) cu thé nhu sau:

Goi dit liéu cho tinh DDX tu do:
ST1.1 - Vécto MMQTKL J = [/, /5,....., Jn]; [kKgm?];
- Vécto d6 ciing Cy=[Cy3, Ca3,....... Cn-1n]; [Nm/rad].
ST1.1.1 Tao ma trdn duong chéo A = diag(J)
Tao ma tran d6 cing C= {C(i,j); i,j = 1+ n}
v

Tinh nghiém riéng- tan s riéng ctia hé
A+ Cgo =0

ST1.12 (W~ A"C)p =0

r =roots (A~1C); p = poly (r);

w(f) = sqre(p());
Voij=1.2,..,n—1;

j=1+m—-1)- Tansétwdo # 0
ST1.1.3 Tap trung vao 2 tan so riéng dau tién: j = 1,2
Xéc dinh dang DBX TD — duong bién dang 1 tdm; 2 tdm
Xuét két qua DDX tu do

Hinh 3.16 So' d6 thuat toan tinh DPX tu do
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- Tinh DDX ty do (ST2) dé tim tan s6 riéng (ty do) o, va dang dao dong ri€éng

cua hé ing vo1 moi tan so riéng m,, qua do xac dinh ving vong quay cam khai

thac (hinh 3.16);

ST1.2 Goi dit li€u nhép cho tinh lyc va MMX cudng buc 1 xylanh, chan vit

'

ST1.2.1 Tinh P; tai ché d6 WR(k) va n(j) qua lap trinh mo phong do thi cong

ST1.2.2 Tinh Py cho cum chi tiét piston bién
ST1.2.3 - Tinh Mygs do luc khi thé sinh ra cho 1 xylanh tha k

- Tinh My do luc quan tinh sinh ra cho 1 xylanh thir k

A 4

ST1.24 - Tinh }"M;.gas do luc khi thé sinh ra cho z xylanh
- Tinh ) M, do lyc quén tinh sinh ra cho z xylanh

v

ST1.25 Tinh: ) Mgas+ q¢ cho ca dong co

ST1.2.6 Tinh Y M,y (gia tri trung binh va cic diéu hoa)

ST1.2.7 Phén tich FFTcho MMX timg xylanh (tong cta thanh phan khi thé +
quan tinh)

!

Luu lai dir li€u tinh toan

\ 4

Hinh 3.17 So' @6 thuit ton tinh lye va MMX cuéng birc
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ST1.3 Goi dir liéu tr ST 1,3 va ST 3 cho tinh DBX cudng buc
\4
Tao vécto momen cudng buc dudi dang s6 phtc cho M diéu hoa
ST1.3.1 dau tién M=12 (dong co 2 ky) hodc M=25 (dong co 4 ky)
Zm(k) = Zmo(k) exp (1] wkt) exp (lj-l/)mk)
k=1,2,3...m
\ 4
Tao cac hé s cuia phuong trinh:
ST1.3.2 (—Aw? + iBwy + €)Z, = 29
Zma(k) = Zpmo (k) exp(1j Ppmy) — 56 phitc
Fork=1: M
ST1.3.3 Tim nghiém:
Zy = [(mAw? + iBwy + C)]7L. Z,, (k)
v
ST1.3.4 Fork=1: M‘
Tim nghiém bién d6 va pha cua tung di€u hoa k (trong MATLAB)
Xét vi tri dao dong cua doan truc trung gian
ST1.3.5 Ptg = Pr — PRr+1s

Mtg = Ctg- Pty

Hién thi két qua DDX cudng biic tai truc trung gian

Hinh 3.18 So' d6 thuit toan tinh DPX cudng birc

82



- Tinh lyuc va MMX cudng burc (ST3), cac luc kich thich, luc can khi dao
dong va cac ngoai luc ludn dién ra dong thoi voi chuyén dong quay cua hé
truc. Dya vao cong chi thi tinh lyc quan tinh do cum chi tiét chuyén dong tinh
tién, tinh MMX do luc khi thé sinh ra va tinh mé-men chan vit (gia tri trung
binh va cac diéu hoa) dé bién d6i fourier nhanh MMX (hinh 3.17);

- Tinh DDX cudng btic (ST4) dé xac dinh bién do DPX cia cac khoi luong
tai cac ché do khac nhau, qua d6 xac dinh DBX cudng bic xuét hién trén
toan bo co hé (hinh 3.18);

- Va tinh USX, USX cho phép (ST5) theo dai vong quay dong co va vat liéu
doan truc trung gian (hinh 3.19).

v

ST1.4 Goi dit liéu cho tinh USX va [USX] cho truc trung gian

ST1.4.1 Tinh USX tai ché do6 WR(j), j = 1,2; va timg ché d6 vong quay n(i)

v

ST1.4.2 Tinh [USX] theo dai vong quay va vt li¢u truc trung gian

!

V&: - D6 thi [USX]
- P6 thi USX tinh trén doan truc trung gian tai
WR(j), theo n(i).

\4

Hinh 3. 19 So’ @6 thuit toan tinh U'SX trén doan truc trung gian
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3.6.3 Phwong phap tinh DDX

Do cac van dé lién quan dén bai toan rat 16n, trong khudn kho noi dung cia
luan 4n chi trinh bay thuat toan va di sau 1ap trinh, giai quyét phan thuét toan
DDX tu do hé n bac tu do trén MATLAB véi trinh tu cac budc sau:

Hg¢ truc diesel tau thuy thuc hién DDX theo hé phuong trinh dudi day:

J@ +Bp + Co = M(t) (3-17)
Trong do: 9 =901, J.-.30) - Ma tran duong chéo MMQTKL hé truc;
B - Ma tran hé sé can xoan (HSCX);
C - Ma tran hé s6 ciing xoan (HSCX);
¢o=[p.p,...p ] - Vec to trang thai DDX;
M=[M_ M ,..,M ]"-Véc to MMX cudng btc.
Gia thiét cac h¢ s6 J, B, C da biét cho co hé.
Viéc tinh DDX ty do ddi vai bai toan tinh DPX tu do can giai hé phuong
trinh viét dudi dang ma tran sau day:
Jp+Bp +Cep =0 (3-18)

Trong tat ca cac bang tinh DBX ty do déu bo qua h¢ s6 B, coi B = 0. Thuc
té cling nhu 1y thuyét c6 chimg minh khi hé sé can nho, tan so riéng cia co hé
chiu anh huéng khong nhiéu tir cac gia tri hé s can nay. Trong cac bai toan
tinh DBX h¢ truc, chiing ta c6 thé coi B = 0 va két qua luén dam bao do chinh
xéc can thiét.

Str dung phﬁn mém MatLab, viét dudi dang m.file, ching ta co thé tinh
duoc nghiém DDX tu do. Trén co s¢ m.file viét code trong Mathscript cua
LabView va xdy dung phan mém tu dong tinh DPX ty do: tinh tan s riéng
va cac dang tuong ung cua ching trinh ty theo cac budc sau:

Buwée 1. Nhiap ma tran do cting chdng xoan: Cq - N.m/rad; Véc to mo-men
quén tinh khéi lwong (MMQTKL): J - kg.m®
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Viéc nhap cac gia tri véc to MMQTKL J va hé s6 can xoan Co khong gip
nhiéu kho khan. Ddi véi hé truc tau kiém ngu KN168, chuong trinh con nhap
MMOQTKL ctia 13 khdi lwong tap trung didc trung: J = (J; ... J13); Co = (Cya,
Cas, ...Ci314)-

Buée 2. Tao A = diag(J) 1a ma tran dudng chéo tir J. Tinh ma tran dao A™ =
inv(A)

Ma tran A 13 ma trin duong chéo dé dang duoc xdy dung qua 1énh A =
diag(J); tvong tu cho 1énh x4c dinh ma tran nghich dao: A™ = inv(A).

Buée 3. TichB=A™.C
Buwée 4. Xac dinh hé sd cua da thuce dic trung:
det(B - LA) = 0 qua lénh: p = poly(B), ta dugc mot da thirc véi cac hé sb
an, an-1, ...a Sa0 cho:
p=a, A"+ a A"+ e,
Bwoc 5. Tim nghiém cua da thic dac trung qua Iénh: r = roots(p); duoc
nghiém p = p(A) = 0.
Xac dinh phﬁn thuc cua nghiém.

Bwdce 6. Tim dang cua cac dao dong tu do.

3.6.4 Két qua tinh DPX tw do tau kiém ngw KN - 168

S6 lidu dau vao dé tinh DPX hé truc duoc st dung tir bang bao céo tinh
DDX cua hing san xuit dong co Yanmar, co xét duyét cua ding kiém NK
(Nhat Ban) [23]. Xét vé tinh ddy du cua bang tinh DPX theo quy pham dang
kiém, bang tinh DDX nay qua so sai, khong néu duoc cac két qua can thiét dé
tinh DPX & cac ché d6 cong huong ciing nhu xa cong huong. Chinh 18 do,
NCS da xay dung phuong phap va thuét toan cho tu dong tinh DDX hé truc &
tat ca cac ché do vong quay (cong huong, gan cong hudng ciing nhu xa cong

hudng), voi trang thai khai thac ctia dong co lam viéc binh thuong (tat ca cac
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xy lanh déu chay, ché do Normal) va trang thai su c¢b (modt xy lanh khong
chéy, Misfire)

Trén co s& toan hoc va thuat toan da trinh bay trén, NCS da 1ap trinh code
trong Matlab, duéi dang m.file sau d6 1ap trinh trong LabView dé c6 chuong
trinh voi giao dién dep, dé thuc hién tu dong tinh toan DPX ty do.

e b wends it
{KNYEE_ HONGHASHP | RUIN ,,] r e I oL e [' s d Form st moded witadils 1 3149
92 1240 RRLE}

Nunber of Misses w1 {radnl”® wd i mlie” wiliml/a”®
[E | svae | @200 | 3asr

[TV 1R MAIN FROPELLER MARINE SIRATT-LINE FLANT ON THE MV-KN168 i |
DVNAMIC FTY MODEL FORMS OF NODES | \

R NNNNNNA v wor e iy i
[LorDESCR] epm2) [ CiMevesdt [ 4] STY {FormG0 ] Forma) |+ |
| 3400 o0 0.00¢+0 | O o010 100737 55

2 14100 154 B404E 6 2 100092 100030

) | 1400 139 50.29+0 3 1.00000 1.00000 -2+, . . . y . " y .

4 14.100 199 S0.296+6 4 090813 0.98805 1 4 1 4 b L] ’ n “ "0 n ®” N

5 10100 199 30,291+ 5 009592 007230 * Masser

6 [0 199 50.29646 6 09928 095136 ——

7 Tta00 199 0.200+8 | 7 098239 092568 Form of mode 2 atiadfy) = | 1200

8 122084 169 59,088+ 6 I 8 00895 090001 2-

v [1rna6 11250 120,000+ ) I 9 o7 348540

10 (15260 193 S1LBEE 6 1 w0 arans 145155

" (15241 57 1751266 I 1 arsen3 3aeres

12 3308 350 16.79%+6 1 2 arme aasm

{13 87150 26019 1843463 o] 13 188339 180840 e 14 ‘

Hinh 3.20 Bang tinh va dé thi vé DPX tu do tau kiém ngw KN168

Do gi4i han ndi dung nghién ctru, NCS xin duge trich lugc két qua tinh
DDX tu do ST2 cho hé dong lyc méy chinh tau kiém nguw KN168 (nhu hinh
3.20). Con céc két qua tinh MMX cudng birc, tinh DBX cudng birc ciing nhu
USX ¢ cac thuét toan ST3, ST4, va ST5 s€ khong trinh bay trong luan an ky
thuat nay.

So sanh véi bang tinh ciia hing Yanmar dua ra trong bang tinh va do thi
DDbX tai 1 tam (node 1) tuong Uimg v61 vong quay dong co 492 vong/phut
(51.49 rad/s) va 2 tam (node 2) tuong trng voi1 1240 vong/phut (129.9 rad/s)
d6i véi 13 khéi lugng nhu md hinh twong duong & phan trén.

Két qua trén cho thay cac gia tri DPX tu do tai 13 khéi luong tuong

duong cia hé truc diesel tau kiém ngu KN-168 gan giéng voi bang tinh ciing
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nhu két luan cua Hing san xuit dong co Yanmar di céng b (dd dugc ding
kiém NK chap thuan) [23]: 12 khong c6 dao dong cong hudng nguy hiém nao
& bat ky vong quay nao trong dai vong quay tau khai théc.

3.7 Két luan chuong 3

- M6 phong MMX tong (d4u ra) 1a tin hiéu mang tinh quy lut qua phén tich
phd tan, mang dic thu cta tin hiéu da hai hinh sin (da diéu hoa) véi cac diéu
hoa chinh - 12 bdi ctia z Xylanh d6i véi dong co diesel hai ky, con ddi vdi dong
co diesel bon ky - 1a bdi cua z/2.

- Nghién ctru mo phong dic tinh cia MMX tong chi ra sai sb rat 16n (sai s6
tho) khi trich miu khong ding véi doan thoi gian (sé6 mau) vira di cho mot
chu trinh cong tac ciia dong co diesel.

- Sai sb trich mau 13 nguyén nhan co ban dan dén sai s6 tho, dan dén thong
tin khong chinh x4c cta tinh hiéu do. Bién phap tot nhat dé tranh sai s thd
nay la trong hé thong do MMX/DDX can dung thém thiét bi do chinh xac
vong quay va thiét 1ap ciu hinh chuan cho trich mau.

- Két qua tinh DPX tu do duoc tac gia thuc hién trong 1ap trinh LabView va
bang tinh, két ludn cua Hang Yanmar dua ra (duoc chép thuan cua dang kiém

NK) 1a giéng nhau, két qua c6 y nghia cho thuc nghiém trén tau thyc sau nay.
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CHUONG 4. CHE TAO THIET BI VA THUC NGHIEM PO MO-MEN
XOAN, PHAN TiCH DAO PONG XOAN HE TRUC DIESEL LAl
CHAN VIT TAU THUY

4.1 Xay dung cAu hinh cia thiét bi do tin hiéu MMX

Qua nghién ctru tong quan tai chuong 1 va co s & chuong 2, lién quan
dén ché tao thiét bi do MMX va phan tich DBX h¢ truc diesel lai chan vit tau
thiy bang tem dan bién dang, NCS di trién khai xdy dung co so vat chit cho
thuc nghiém do, xay dung hé théng do MMX, trién khai do dac thyc nghiém
tai phong thi nghiém ciing nhu trén céc tau bién. Qua trinh nghién ctru dugc
dién ra trong su phéi hop nghién ctru 1y thuyét — xay dung thiét bi do — thuc
nghiém — hiéu chinh c4u hinh thiét bi do va hoan thién phan mém thiét bj -
thir nghiém — hiéu chinh tinh thiét bi - hoan thién cau hinh phan mém xu ly
tin hiéu va bao cao két qua.

Nhu vdy, qua trinh xay dung thiét bi bat dau tir phan tich thiét ké, lya
chon ddi twong nghién ctru dé trién khai thi nghiém, tiép d6 (song song dong
thoi) 1a xdy dung cau hinh phan ctng dé trién khai tich hop thiét bi; xay

dyng phan mém; lap dat thiét bi do trén hé truc trung gian.

mB|| -
Keénh 1 do
hién dang NI DAQ-9191
> i ] ——
Kénh 2 do CPU
pha Bé thu phdt tin hiéu LAN
DAQ-9184

Hinh 4.1 So d0 bé tri thiét bi do va phan tich DPX hién dai

88



Tai phong thi nghiém, dé xay dung mot hé théng do MMX trén truc
quay cua may cong tac, sao cho ndé hoan chinh, chinh xac, phu hop, tiét
kiém,...doi hoi rat nhiéu yéu td quan trong nhu viéc lya chon phuong phap
do, lua chon cam bién, lya chon thiét bi thu phat, truyén tin hiéu cho dung
v6i yéu cau trong xir 1y tin hiéu, cling nhu k¥ nang thyc hién trong subt qua
trinh do va xir 1y mot cach chinh xac doi hoi phai ¢6 chuyén mon sau nhat
dinh. Dya trén nén tang cong nghé thong tin truyén thong hién nay c6 trén thi
truong, NCS x4y dung cdu hinh phan cung dé do tin hiéu MMX trén truc
quay nhu hinh 4.1, d6 13 hé théng do 02 kénh, tich hop cong nghé theo dang
mo dun cho do va truyén tin hiéu khéng day, cu thé nhu sau:

4.1.1 Xay dung cau hinh phan cig

% Cam bién: gdm 02 kénh, kénh thir nhat 1a loai tem dan bién dang trén bé
mit tryc quay, kénh thtr hai 13 loai quang, danh dau pha (vi tri) ciing nhu xéac
dinh van toc quay cua truc. Xac dinh pha cta dong co diesel trong tng véi
viéc xac dinh diém chét trén cua xylanh thir nhat hodc cia bat ky xylanh nao
trén dong co diesel.

- Cam bién ung suét xoin: Viéc lya chon kiéu loai cam bién cho phu hop
v6i cdu hinh chung cua hé thong 13 mot cong viée phirc tap nhu Iya chon loai
cau Y4 bridge; ' bridge hay full bridge, dién trd, bu nhiét, vat liéu...

Cam bién ung suat kiéu bién dang x04n trén bé mat truc duge lya chon
trong ché tao thiét bi do 13 cia Hang Showa - Nhat Ban [52] c6 cac théng sb
k¥ thuat nhu sau:

+ Loai ban cau (half brigde)
+ Dién tré 350 Q + 0.3 %; Chiéu dai 2mm
+ Heé sb GF = 2.05 + 2% ; (GF, Gauge Factor)
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+ D6 nén nhiét trén vt liéu thép 11 ppm/ °C (Dbi véi thép khong ri 16 ppmy/
°C, d6i véi nhom 13 23ppmy/ °C)
+ Vat liéu 15 bién dang 1a hop kim Cu-Ni
+ Vat liéu nén cam bién 1a polyimide
+ Gi6i han nhiét @6 —30°C dén+ 180°C
- Cam bién vi tri (Pha): La loai cam bién quang, xac dinh dic tinh Trigger
(suon 18n ctia xung thu dugc dé xac dinh thoi diém bat dau 14y mau va suon
xudng dé két thic thoi diém 14y mau ding cho mot chu ky cong tac cua dong
co diesel). Cam bién quang loai E3FA — DP11 cua hang Omron [41], c6
nguodn dién DC doc lap cép, co cac thong sé ki thuat co ban nhu sau:
+ Loai: Thu phat phan xa guong, phan xa khuéch tan
+ Nguodn: 10 - 30 VDC +10%
+ Khoéang cach phat hién: 20 m, 15 m (Loai thu-phat); 0,1- 4m, 0 — 500 mm
(Phan xa guong); 300 m,100 m, Im (Phan xa khuéch tan)
+ Vat phat hién chuan: Vat md duc
+ Ché d6 hoat dong: Light On/Dark On
+ Ng& ra: NPN/PNP, dong tai 16n nhat 100 mA
+ Thoi gian dap tmg: 0.5ms
+ Piéu chinh d6 nhay: bang vit chinh
+ Cép bao vé: IP67
+ Tiéu chuan: IEC, CE, CCC
¢ B§ thu thap dir liéu: 1a loai da kénh ctia NI (National Instruments —
USA) [47] bao gom Khung (Chasis) cDAQ9191; bd thu tin hiéu DAQ-
9237.
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- Khung NI cDAQ-9191 1a loai thiét bi khéng day, Wi-Fi, c6 thé dung dé
lap ghép véi nhiéu bd do khac nhau va cé chirc nang thu phat nhiéu loai

tin hiéu/cam bién vao/ra dang s6 hodc tuong tu khac nhau.

Hinh 4.2 By khung NI cDAQ-9191 va b thu phat tin hiéu NI DAQ-9237 [47]
+ Giao dién két n6i khong day chuan IEEE802.11b/g (Wi-Fi), ma hoa dir
li¢u an toan 128 - bit AES va IEEE 802/111 (WPA2)
+ Kha nang truyén tin hiéu 30m trong nha, 100m khoang khong
+ Cong Ethernet 10/100BASE-T/X

+ Tuong thich voi cac loai phan mém nhu LabView, C/C++, Visual

basic...

- B0 ghi tin hiéu NI DAQ-9237 1a loai 4 kénh, 24 bit, 50 kS/s/ch, nhiét
do hoat dong -40 dén 70 °C; c6 bu nhiét va kha nang tuong thich vdi tem
dan loai: Quarter bridge, Half bridge va Full bridge.

s CPU: la bd xtr 1y trung tam, c6 thé 1a mot PC hodc mot Laptop, hodc mot
may tinh cong nghiép, c6 cau hinh du manh, c6 tinh niang nhan wifi802.11.
Céu hinh may cang manh thi kha nang xir Iy dir liéu cang nhanh va luu trix
duoc dung luong 16n tao thuédn lgi trong qué trinh thu thap, xu ly va phan

tich dir liéu.
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4.1.2 Xay dung cAu hinh phin mém

Nham nghién ctru DPX, gidm sat va chan doan tinh trang k¥ thuét trong
khai thac hé dong luc diesel lai may cong tac, ngoai viéc xdy dung phan
cting chinh x4c nhu trén, con phai xy dung phdn mém twong Gng, NCS di
tién hanh x4y dung chiing trén nén tang ngdn ngit LabView (NI). Phan mém
LabView (Laboratory Virtual Instrumentation Engineering Workbench) 1a
mot phan mém may tinh duoc phat trién bai cong ty NI ciia Hoa Ky, vé ban
chat n6 12 mot phan mém ngdn ngir luu do hoa (dwoc goi 14 1ap trinh G) hap
dan cac k¥ su va nha khoa hoc trén toan thé gidi nhu mot phuong phap truc
giac hon trong viéc ty dong hoa cac hé thdng do ludong va diéu khién. Ngon
ngit luu d6 két hop véi /O gan lién va diéu khién giao dién ngudi st dung
tuong tac nén chung duoc dung trong hau hét cac phong thi nghiém, trong

cac nganh cong nghiép.

Giao dién phan mém gém Thiét bi a0 (Virtual Instruments - VI): Lap
trinh LabView duoc thuc hién trén co s& 1a cac thiét bi ao, cac doi tuong
trong céc thiét bi 4o dugc st dung dé mo phong cac thiét bi thuc, nhung
chung dugc thém vao béi phan mém va Mat may (Front Panel) 13 giao dién
ctia thiét bi va ngudi dung, tir Front Panel nguoi ding chay va quan sat két
qua, Front Panel thuong bao gdm cac bo diéu khién (Control) va cac bd hién

thi (Indicator).

Thuc té do va luu trit dir liéu thuc hién trén co sé thuét toan va phﬁn
mém trién khai. Thiét lap cau hinh do, ghi dit li¢u mdt cach tu dong trong 1ap
trinh LabView tuong tmg véi cac kénh do dugc xay dung. Trong qué trinh
xay dung code cho luu trtr dit li¢u do duoc, ching ta c6 thé sir dung cac
modun (VI) c6 sin trong LabView Express hodc co thé lap trinh code bac

thap. NCS nhan thdy viéc 1ap trinh qua LabView Express rat thuan tién,
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nhanh chong va dap ing dugc muc tiéu dat ra trong do, xtr Iy va phan tich tin
hiéu MMX trén truc trung gian cia hé dong luc dong co diesel lai chan vit

tau thuy.
4.1.2.1 Xay dung phian mém do, hién thi nhanh va lwu triv div liéu

NCS di xay dung phan mém cho thiét bi do 02 kénh dong thoi: cho do
bién dang xodn trén bé mat truc gdm: gém 01 kénh do pha, 01 kénh do bién

dang xoan trén bé mat doan truc do.

Trén giao dién chinh (Front panel) duoc thé hién nhanh két qua do va
hién thi cac tin hiéu co ban dé nguoi do quan sat xem chat luong tin hiéu do

dam bao hay khong.

Pé dam bao tin hiéu do dugc luu trir theo van téc quay cua truc dong co,
s6 lugng trich mau da dé xir Iy sau nay dam bao do chinh xac, khong dé xay
ra sai sd trich mau, phén mém co su dung thuat toan xac dinh van tdc trung
binh cho mét vong quay (1/2 chu ky dbi voi dong co bon ky Yanmar
6YE26W) theo sudn 1én va sudn xudng ciia xung (pha). Ma codes 1ap trinh
bac thap trén nén LabView VI cho tin hiéu pha (vi tri diém chét trén ctia doi
tuong nghién ctru 1a dong co diesel 4 ky trung toc hing Yanmar 6EY26W)
dugc lap trinh nhu hinh 4.3.

Trong qua trinh luu trir, chung ta trich ra mgt doan tin hiéu du lon, hai
chu ky cong tac dé sau nay xtr 1y tin hiéu dugc chinh xac, khong bi thiéu d6i
v6i mot chu ky cong tac va tin hiéu bién dang xoan do duoc can phai khuéch
dai dé dam bao dé dang xur 1y sau nay. Ma codes cho ghi tin hi¢u bién dang
xodn (micro-train) va ty dong luu trir dit liéu do theo timg ché do va thoi

gian cu thé cling da duoc 1ap trinh trén nén Labview nhu hinh 4.4.
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[VEU CAU TINH GIA TRI NHIEU (MAY CHUA CHAY) DE LOAI TRU BU NHIEU TRONG HE THONG|
|1Pa = TN/m2; TMPa = 1 MN/m2 =106 Pa = TN/mm2|

OO OO0 000000000000
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a else
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& end

7 end
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10 Pha=Phl;
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3 end
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21 dPhi=PhI(2)-PhI(1;: B @ =

o dPh2=Ph2(N)-Ph2(1);

he dT1wdt*dPh1; dT2edt dPhe;
24 N1=round(G0/dT1);

5 N2=round(60/dT2);

26 Nsp=Ph1()-Ph1(1);

e NbdsPh1(1);Nkt=Ph1(2)
an Thd=Nbd*dt;

" Tht=Nkt*dt;

A1) NktePh1(2)+1;

Ed) y1=y(Nbd:Nkt);

0 t=Nbd:Nkt;

9 channels
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end
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end
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Hinh 4.4 Ma code ghi va lwu trir tin hiéu MMX do dwgc
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» DATA 2017 » DOT5_250517 » 17-MN1500-I100-4
____________________________ ____________________________ _________________________________________________________]

Include in library - Share with - Burn Mew folder

Mame : Date modified Type Size

|7 172617 _250517Data_14971_001 5/25/2017 5:26 PM LVM File 346 KB
7| 172617 _2505175TRAIN_14971_001 5/25/2017 5:26 PM LVM File 228 KB
|7 172618__250517Data_14972_001 5/25/2017 5:26 PM LVM File 346 KB
|7 172618__250517Data_14973_001 5/25/2017 5:26 PM LVM File 346 KB
|7 172618_ 250517 Data_14974_001 5/25/2017 5:26 PM LVM File 345 KB
|7 172618_ 250517 Data_14975_001 5/25/2017 5:26 PM LVM File 345 KB
|#] 172618__250517Data_14976_001 5/25/2017 5:26 PM LVM File 346 KB
7| 172618__250517Data_14977_001 5/25/2017 5:26 PM LVM File 346 KB
7| 172618__2505175TRAIN_14972_001 5/25/2017 5:26 PM LVM File 228 KB
7| 172618__2505175TRAIN_14973_001 5/25/2017 5:26 PM LVM File 228 KB
7| 172618__2505175TRAIN_14974_001 5/25/2017 5:26 PM LVM File 228 KB
7] 172618__2505175TRAIN_14975_001 5/25/2017 5:26 PM LVM File 228 KB
7| 172618_2505175TRAIN_14976_001 5/25/2017 5:26 PM LVM File 228 KB
7] 172618_2505175TRAIN_14977_001 5/25/2017 5:26 PM LVM File 228 KB
%] 172619_ 250517 Data_14978_001 5/25/2017 5:26 PM LVM File 346 KB
| %] 172619_ 250517 Data_14979_001 5/25/2017 5:26 PM LVM File 346 KB
7| 172619_ 250517 Data_14980_001 5/25/2017 5:26 PM LVM File 346 KB
|7 172619__250517Data_14981_001 5/25/2017 5:26 PM LVM File 346 KB
7] 172619__2505175TRAIN_149758_001 5/25/2017 5:26 PM LVM File 228 KB
7] 172619_ 2505175TRAIN_14979_001 5/25/2017 5:26 PM LVM File 228 KB
|7 172619_ 2505175TRAIN_14980_001 5/25/2017 5:26 PM LVM File 228 KB
7] 172619_ 2505175TRAIN_14981 001 5/25/2017 5:26 PM LVM File 228 KB

Hinh 4.5 Luu dir liéu do vao cac files theo ché d thir nghiém lap

Khi nhan nat luu “SAVE”, dit liéu tu dong dugc luu lai toan bo theo tung
ché do thir nghiém va mot lan 4n nat luu dit liéu, mot loat files dit lidu duogc
lap lai cung ché d6 co day du co s& nhu trén hinh 4.5 (c6 thé ché do vong

quay dao dong quanh mdt gia tri trung binh dang thir nghiém).

Tuy nhién sau nay doc dir liéu tir timg files, tbc d6 quay truc dong co
dugc nhan dang dung véi ché 4o do duoc tai thoi diém ghi file dit lidu do.
Vi du:

File dit liéu thé hién trén hinh 4.5 vdi tén tép tin:

172619 _250517Data_14981_001

172619 250517STRAIN_14981 001
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La hai file dit li¢u ghi cac tin hi¢u rung dong khac nhau tai thoi diém do
17 gid 26 phut 19 gidy ngay 25 thang 05 nam 2017, mdt file dir li¢u (Data)
ghi tr 01 b thu thap dir licu DAQ NI-9234, con file ghi bién dang
(STRAIN) luu dir liéu MMX dudi dang file *.lvm (file text) theo dinh dang
ctia LabView, sau nay ta doc dong thoi va xir 1y thuén tién.
4.1.2.2 Xay dung phin mém doc div liéu tiv file, phén tich tin hi¢u

NCS da xay dung, 1ap trinh trién khai trén LabView, c6 sitr dung cac Vls
trong thu vién ctia chuong trinh rung dong 4m thanh, dé xir 1y dir lidu MMX
do duoc. Dit lidu dugc doc tir files da luu trit va tién hanh xu 1y tin hiéu do

theo muc dich sir dung két qua do.

$ FADATA 2017VKN 300517900 141 7-NZ15\074718 30051 TData_ 563 001 hm Poth*
PhaseAnalysis | TV-Analyzer § FADATA_2017\KN_3005 17\00- 1\17-N21 55074718 _3005175TRAIN_563 001 Jve Path2 -microstrain
Waveform -Light Semsor NANG2017 114225
T I T T FsHY 2061z
| |
| suont -

s Jue s o

[ | suon2

\) 3 fer o e o

‘\ | N1 (rpm) N2 (rpm)
i]-:' \ | | \ \ o ) | 0 s

Nbd Nsp
466 1

Phase -proccessed

Ampleuds
N

1-

n‘ ] ) A ] ‘ . L) | 1 L) »
£ %0 KO M WO W0 WD 196 100 10 X IS0 w0 1
Tene

Hinh 4.6 VI phan tich tin hi¢u pha (trich miu)
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Dit liéu do duge xur Iy theo 01 kénh ag — do pha. Xac dinh thoi diém dau
ctia mang dit liéu can trich ra dé xir Iy. Thong thuong chon diém dau la diém
bét dau 1én cua tin hiéu xung dau tién (sudn 1), va diém cudi — két thuc mang

dir liéu do — s6 mAu trich trong 1 chu ky (01 vong quay hay 02 vong quay).

Két qua cua qua trinh xtr Iy ndy duoc dua toi phan xir Iy tin hiéu do bién
dang xoén (Torsional Strain) tiép theo. Diéu dau tién can chi ¥ 1a doc ca hai
file dit liéu ghi cho cung ché do do duoc thé hién bang dudng din mau xanh

va mau do trén cling cta thiét bi a0 phan tich tin hiéu pha (hinh 4.6).

Véi két qua s6 miu can lay cho 1 chu ky cong tac ctia dong co Yanmar
6EY26W 1a 678 miu (Mau két thac 1144 trir cho mAu bat dau 466); téc do
1Ay mau 2049.18 (Hz) twong Gmg voi vong quay trén truc do dugce 1a 215 viph,
tai thoi diém 11:42:25 ngay 11/10/2017.

Tir nhimng dit liéu luu trit gia tri bién dang xoan theo mién thoi gian thuc o
ting ché do6 do duoc dé phan tich DBX va khai bao théng sé dau vao ddi véi
kiéu loai dong co (2 ky hay 4 ky), két cdu truc trung gian nhu dudng kinh truc
(mm), vat liéu thép carbon hay thép khong gi. .., loai truc dic hay rong, hé s6
cung xodn, hé sb poisson, h¢ $6 nhay cua tem dan...trén phﬁn mém phan tich
DDX di xay dung dé bién doi sang mién tan sd cac gia tri vé bién dang xodn,

MMX va USX cu thé nhu:

Tin hiéu do bién dang xoan duogc phan tich tai mién thoi gian va mién

tan s6 nhu giao dién trén hinh 4.7

Tin hiéu MMX dugc phan tich tai mién thoi gian va mién tan s6 nhu

giao dién trén hinh 4.8

Tin hiéu USX dugc phan tich tai mién thoi gian va mién tan sb nhu giao

dién trén hinh 4.9
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18 FADATA_2017\KN_300517\00-1\17-N215\074718__300517Data_563_001.lvm

Path*

PhaseAnalysis TV-Analyzer i FADATA_2017\KN_300517\00-1\17-N215\074718_300517STRAIN_563_001.lvm Path2 -microstrain
RT-strain -
Fs (H2) #N kG [ 3272385 ] 11/10/2017 11:42:25
5000 1252 0 e
Nsbd® 437 2389 Nskt* _g Nsbd Nskt
ot p 32.73384- 1137 2389
averaging mode weighting mode F 32723035~ e
A5 Exponential 3 32.73383 - 4.0 215 9
- df(Hz) NP(RPM) nE(RPM)
number of averages linear made
10 32.733825- 1 | | | | | | (mi strain)
Auto 1000 1200 1400 1600 1800 2000 2200 2404 YMUTHCTO-Btrain.
. # 32,73
{ done averages completecd samples
221 ORDER  TORS.MOMENTS  TORS.PRRESS
windows
. i . Magnitude-Results | Harmonic Value A
Hanning ‘ Restart ’ RT-st_mn (microstrain) - ym 1 Ly
g 13- 2 0.51
5 3 0.08
\ STOP ‘ 3 “5’ 3 S
5 5 2.73
o 0r 6 .81
1.62E+4 2.25E+1 364 L 7 230
Mm(Nm) Np(rad/s) P(KW) g-10= 5 0.05
-15- | | | | | | | | | | | | | | 10 0.05
R E(N/i2) ki RS 1100 1200 1300 1400 1500 1600 1::)0 1?00 1900 2000 2100 2200 2300 240( - o
0.25 2.07E+11 0.285 AR 12 0,08
’ Magnitude (Microstrain) 13 0.09
14 0.08
Dint(m) we (m3) Kstimicro-strain/Uout) B 1% 0.08
0 3,068E-3 1.00E40 5. 16 0.05
17 0.04
Km(M/TStrain) Kp(T.Pressure,MPa) B 4= 18 0.05
4.94E+2 2.26E+2 w37 19 0,03
24 20 0.02
= : 21 0.04
107 M(14v 3 22 0.08
(T.Strnin)u-J—’-rw:-‘ldz(li“)/ld Eo-, y . T | LR MU S B U BEC R SRC I BN I 23 0.03
¢ 0 2 4 6 8 10 12 14 16 18 20 2 24 26 24 0.01
Number of Harmonic 25 0.01 v

Hinh 4.7 VI phén tich tin hiéu bién dang xoin (Train torsion, micro-train)
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& FADATA_201T\KN_300517\00-1417-N215\0747 18__300517Data_563_001.lvm I Path*

PhaseAnalysis TV-Analyzer % FADATA_2017\KN_300517\00-1\17-N215\074718_ 300517STRAIN_563_001.lvm Path2 -microstrain
RT-strain
Fs (Hz) #N kG [ 3273385 1 11/10/2017 11:42:25
5000 1252 0 TR
o 327 -
'\ Nshd Nskt
Nsbd® 1137 2389 Nskt= &
2 32.73384- 1137 2389
F E
averaging mode weighting mode F 32.733835-
z ] 4.0 215 479
EMS Exponential o
S2:(23830 df(Hz) nP{RPM) nE(RPM)
number of averages lincamede
10 32.733825- 1 | | 1 | | | 1 (mi train)
Auto 1000 1200 1400 1600 1800 2000 2200 2400 L= LTl
L 2 | 32.73
done averages completed 2RMES
i ORDER = TORS.MOMEMNTS = TORS.PRRESS
Windows . -
- RT-TORS.MOMENT Magnitude-Results (Nm) | Harmanic Value ~
Hanning Restart [ 7s00- R 1 218.6
= 2 252.3
5 2000 3 37.8
STOP £ 2500- 2 STEE
£ 0- 5 1346.9
= -2500- 3 2868.8
1.62E+4 2.25E+1 164 & -5000- ; 163320.3
-T500- 1 1 1 1 1 1 | 1 1 1 1 1 1 1 =
L, LA Pw) 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2404 £l 27.0
L #samples 10 25.8
N N 11 18.1
Do (m) E (M/m2) Poisson Ratio Magnitude (T.MOMENTS) = =
0.25 2.07E+11 0.285 3000- o 3 e
2500- 14 416
Dint{m) wc (m3) Kst{micro-strain/Uout) T 15 ETR
0 3.068E-3 1.00E+0 = 2000 16 246
= 1500 17 18.8
E _
Km{M,/TStrain) Kp(T.Pressure, MPa) :;_ 18 23.0
494F+2 3.26E+2 E 1000 19 16.2
=< 20 9.8
500 21 20.0
‘ll]EH('l-H?) 3 a4 0-, T T - T ! ® 4 s a0 0608 aaaaasaaaa.. 22 25.6
['['.f:tral.n}u = T WC 1&0(1-::. )16 B 3 10 15 20 o5 23 14.4
e MNumber of Harmonic 24 4.9
25 5.8 v

Hinh 4.8 VI phén tich tin hiéu mé-men xoin (Nm)
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Path*
PhaseAnalysis TV-Analyzer 5 FADATA_2017\KN_300517\00-1\17-N215\074718__300517STRAIN_563_001.lvin Path2 -microstrain
RT-strain
Fs (Hz) #N kG 32,73385- 11/10/2017 11:42:25
5000 1252 0
7 -
Nsbd* 1137 iy ! Ry Nsbd Nskt
2389 A 3273384~ 1137 2389
averaging mode weighting mode £ 32723038~ _
RMS Exponential 3 4.0 215 479
P 32,73383- df(Hz)  nP(RPM)  nE(RPM)
number of averages linear mode
10 32.733825- ) A ! ! ! ! | o -
Auto 1000 1200 1400 1600 1800 2000 2200 zaoT ym(micro-strain
# 32,73
{ done averages completed temples
ot ORDER ~ TORS.MOMENTS  TORS.PRRESS
Windows RT-T.PRESS(MPa) Magnitude-Results (MPa) | Marmonic | Value "
Hanning ‘ Restart ‘ 2 - 1 0,071
& 2 0.082
< 1~ 3 0.012
' STOR 0= 3 0.071
5 0.439
E -1 3 0,935
L 7 0,466
1,62E+4 2.25E+1 364 z -2 8 0,022
Mm(Nm) Np(rad/s) PlkW) -3~ \ | | | | | | | | | | | | | 9 0.009
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 240( 10 0,008
Dotm) E (N/m2) Polsson Ratlo #samples :; g.g?:
2.07€+ 11 0.285 :
- ? Magnitude (T,PRRESS) 13 0.015
’ 1 4 0.014
Dint(m) wc (m3) Kst(micro-strain/Uout) 15 0.013
0 3.068E-3 1,00E+0 7 087 16 0,008
% o8 17 0.006
Km(M/TStraln)  Kp(T.Pressure, MPa) 3 ’ }g g.gg
4,94E+2 3.26E+2 ? 0.4+ = T
0.2- 21 0.007
& 3 22 0.008
14v
(l.Strlln)u-mL)'Mt-ld:(l-c“)/l‘ 0~ ' T . T ! LR R R R I N R S S 2 0.005%
Ew, 0 2 4 6 8 10 12 14 16 18 20 22 24 26 24 0.002
Number of Harmonic 25 0.002 v

Hinh 4.9 VI phén tich tin hiéu &ng suat xoin (MPa)
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4.2 Thuc nghiém do va phan tich DbX
4.2.1 Co s¢ thuc nghiém trong do va phan tich DDX

Sau khi xdy dyng hoan thién phan ctng va phin mém, trude khi tién
hanh thyc nghi¢m trén ddi tuong tau thuc té. NCS di thuc nghiém do, hi¢u
chuan thiét bi, xtr Iy tin hiéu MMX va phan tich DDX trén t6 hop dong co
diesel 4 ky, c6 hoan cai duong truc truyén dong mdy phat dién 100kW véi bd
thir tai dang muédi tai phong thi nghiém Trudng Pai hoc Hang hai Viét Nam
nhu bang 4.1 bén dudi.

Bang 4.1 Cac thong s6 co ban ciia doi twong dung dé thir nghiém va hiéu chuan thiét

bi do
STT Pic tinh Théng s6 ky thuat
1 | Thong sé dong co diesel
Hang san xuét Deutz- DPuc, san x1’1?'1t tai nha may
WEICHALI - Trung Quoc
Kiéu dong co TBD226B-6D1
Loai dong co 4 ky, 6 xy lanh, thang hang, ¢ tuabin ting

ap, lai may phat dién

Cong suat dinh mirc 120 Kw
Vong quay dinh murc 1500 v/ph
Duong kinh xy lanh 105 mm
Hanh trinh piston 120 mm
Dung tich xy lanh 6 lit

2 | Thong s6 duong truc hoan cai lai may phat dién

Puong kinh tryc trung gian 50 mm

Chiéu dai doan truc 1m

Vit liéu truc Thép carbon dic, do ctng xoin 206800
N/mm?

Hé sb Poisson 0.3
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- Ché d¢ thtr nghiém d4 tién hanh trong dai vong quay tir 650 v/ph dén
1500 v/ph, twong tmg ché d tai trén may phat 0 A, 50 A va 100 A.

- Qua trinh thtr nghiém ca ché do dong co diesel chay binh thudng va ché
d6 khong chay trén xy lanh s6 01 trén dong co Deutz bang cach ngit nhién

lidu vao voi phun ciia xy lanh thir nhat nhu hinh PL3-5 trong phu luc 3.

- Két qua do, hién thi nhanh, luu lai dit liéu, doc dir liéu tir file ghi va xir
Iy tin hiéu da minh chimg két qua trién khai tir nghién ciru 1y thuyét mo
phong tin hiéu do mo-men tong, nghién ctru mod phong sai s6 do trich mau va
cac bién phap dam bao do chinh xac cua thiét bi do téi ché tao thiét bi, viét
phan mém cho thiét bj do va tién hanh thi nghiém do kiém chimg d6 tin cay
cta thiét bi di ché tao tai phong thi nghiém nhiéu lan trudc khi thuc hién

thuc nghiém trén d6i twong tau thuc KN168.

4.2.2 Pbi twong nghién ciru

pé phan tich DDbX, diéu dau tién can phai do dugc tin hicu MMX trén
truc trung gian cua hé truc dong co diesel tau thuy lai chan vit vi:
+ Tryc trung gian c¢6 duong kinh nho hon cac dudng kinh truc luc day va truc
chan vit (theo quy pham thiét ké);
+ Tai vi tri truc trung gian thuong xdy ra ung suat hon do bd tri nim giira
duodng truc cua co hé;
+ Truc trung gian c6 thé 1a noi d& dang lap dit thiét bi do tin hiéu MMX.
+ Va qua tinh toan DDX & chuong 3, ciing nhu két qua tinh DPX ctia nha san

xuat Yanmar cong bo vi tri tim dao dong khong nam trén tryc trung gian.

Vi co s¢ dit liéu tuong dbi nhiéu nén sau day NCS trinh bay két qua thuc
nghiém cho mot tau kiém Ngu KN168 (tau duoc dong tai nha may dong tau
Hong Ha - B6 Qudc Phong).
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Hinh 4.10 Bo tri chung hé truc diesel tau kiém nguw KN168

Bang 4.2 Cac thong s6 co ban cia hé dong lwe chinh diesel lai chin vit tau Kiém ngw

KN168

STT

Pac tinh

Théng s k§ thuit

Thong s6 dong co diesel

Hang san xuat

Yanmar — Nhat Ban

Kiéu dong co

6EY260W

Loai dong co

4 ky, 6 xy lanh, thing hang, c6 tuabin ting
ap, 1am mat gi6 ting ap, truyén dong lai chan
vit bién budc théng qua hop sb6 co ty sd

truyén 2.23:1

Cong suat dinh mirc

1471 kW /2000 PS

Vong quay dinh muc 750 v/ph
Puong kinh xy lanh 260 mm
Hanh trinh piston 385 mm
Téc d6 piston 9.63 m/s
Ap suét c6 ich binh quan 1.92 — 2.50 MPa

Thong sb hé truc

Kiéu hé truc

Diesel lai hé truc gian tiép thong qua hop sb

Puong kinh truc trung gian

250 mm
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Chan vit Loai bién budc

Vat liéu truc Thép carbon dic, do6 cung xodn 206800
N/mm?
Hé sb Poisson 0.3

4.2.3 Panh gia két qua do va phan tich dao dong xoan

Pé d¢am bao duoc k¥ thuat trich mau va luwu lai dit liéu theo phuong phap
ndy, can c6 thém thiét bi do vong quay & ché do trich mau. Khi do, véi
phuong phap trich mau lai (resampling) tap dir li€u thu dugc cho di mot chu
ky lam viéc, s6 lugng mau N; khong diing 2% can thiét (dung cho thuat toan
FFT), ta phai phan chia lai luong miu trén theo phuong phap gan ding (xap
xi ham, tuyén tinh héa) dé c6 duoc tdp mau méi di cho mot chu ky 1am viée

va dong thoi gitp cho viéc tinh FFT dugc chinh x4c.

Pé tach nhidu khoi tin hieu MMX do duge, du bao sai sd cta tin hiéu khi
c6 sai sb trich mau bang cac bo loc truyén thong va bd loc thich nghi. Vi bo
loc truyén théng dua ra tin hiéu dau ra dich chuyén vé mot phia nén chung
khong phu hop véi bai toan dat ra, trong khi d6 bd loc thich nghi du bao tin
hiéu cho chu ky, tdp hop dit lidu khi thiéu hodc bo bst dir liéu khi thira va
tinh lai gia tri méi bang nodi suy tuyén tinh, s& pht hgp cho bai toan trich mau
dung cua dé tai nén NCS str dung cac bo loc cira sé dang cira s6 Window
(bao gdm cac kiéu: Hanning, Hamming, Blackman - Haris, Kaiser). Trong
phan thuc nghiém nay, dé tai str dung bd loc Hanning dé xay dung co so dit

liu trong x1r 1y tin hi¢u MMX do dugec.

Dua vao két qua tinh DPX tir nha san xuat Yanmar, cling nhu két qua
tinh DPX ty do cia NCS & phan 3.6.4 chuong 3 di chi ra rang:

- Tam dao dong khoéng nam trén tryc trung gian.
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- Bién d6 dao dong Ion nhat tai tam 2 (node 2) thudc bang tinh R4B54801
ngdy 6/11/2016 cua hiang Yanmar cung cap 1a 85 kgf/cm? tai ché d6 vong
quay dong co ng = 495 v/ph, tuong duong vdi vong quay tai truc chan vit
1a np, = 221 viph.

- Tan sé dao dong tu do tai tdm 1 (node 1) thudc chwong trinh tinh tai

chuong 3 1a 51.49 rad/s, twong tng véi ng = 492 v/ph (n, = 220 v/ph).

Pé ¢6 co sé so sanh, danh gia voi cac két qua tinh toan trén, NCS tién
hanh do, xtr 1y tin hicu MMX trén hé truc tau KN168 ciling tuong duong véi

ché do vong quay nhu trén va cé két qua nhu sau:

Tai ché d6 vong quay dong co ng = 479 v/ph (n,= 215 v/ph), s6 mau bat
dau Ngg = 1137 (miu), sé6 mau két thiic cho mot chu ky cong tic ciia dong
co diesel 1a Ny = 2389 (mdu) twong tng v6i lugng miu can 1y 14 1252 mau.
Két qua gia tri bién dang xodn, MMX va {mg suét xoan duoc ghi lai trong
mién thoi gian thyc va trong mién pho tan qua phép bién d6i FFT cho 25 bac

diéu hoa duoc thé hién trén cc hinh 4.11; hinh 4.12 va hinh 4.13

Két qua trén hinh 4.11 cho thiy timg gia tri bién dang xoan theo s6 mau
dugc 1dy, ciing nhu gia tri binh quan bién dang xodn trong mién thoi gian
thue 14 32.73 (um) va sau khi bién d6i FFT sang mién tan s6 ta thu duoc bién
d6 cua bién dang xodn tuong tng véi 25 bac diéu hoa trong mién tan sb. Gia

tri cuc dai 1a 5.81 microstrain tai bac diéu hoa thit 6.

Pbi vai gia tri MMX (hinh 4.12) ciing phu hop véi quy luat nhu trén bién
dang xoan, gia tri MMX ciing dat cuc dai 12 2868.8 (N.m), bac diéu hoa thir
6.

Tuong tu bién dang xo0dn va MMX, gia tri ung suét xoan cuc dai tai cung

ché do nhu trén 13 twong dbi nho 0,935 MPa (hinh 4.13).
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Tir nhitng két qua trén, NCS nhén thiy tinh phi hop quy luét bién thién
MMX va USX gitta két qua do va cac gi tri trong bang tinh ddi voi ché do
khai thac trén la cac gia tri ing suét cuc dai trén truc ra cia hop s6 lai truc
chan vit 1 16n nhét tai vong quay dong co 479 (v/ph), trong tng voi vong
quay chan vit 215 (v/ph) va cac gia tri ing suat xodn 16n nhit 91 kG/cm® nho
hon nhiéu so véi quy dinh (38708 kG/cm?), hoan toan ding véi két ludn cua
hing Yanmar theo quy pham ding kiém NK 1a khong c6 dao dong cong
huong & bat ky node nao trong dai vong quay khai thac khi chay thir tau trén
bién, khi mat chdy 1 xy lanh hay khi chay khong tai (xem d6i ching hinh
4.14 phan luu ¥ - Caution va chi tiét trong phu luc dinh kém).

Tuy nhién, qua trinh thuc nghiém chua thé tién hanh & ché do khong chay
mot xy lanh vi lién quan dén tién trinh thir tu cia nha may ciing nhu mot s6

cong doan khac ma NCS khong dugc phép tién hanh cing cac bén.
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Hinh 4.11 Bién dang xoin tai ché @9 ng = 479 v/iph (n, = 215 v/ph)

107
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Hinh 4.12 Mé-men xoin tai ché a6 ne = 479 v/iph (n, = 215 v/ph)
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Hinh 4.13 Ung suat xoin tai ché d9 ng = 479 v/ph (n, = 215 v/ph)
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MR RCY R FAESE
THE CALCULATION SHEET FOR THE TORSIONAL VIBRATION

DATE : 6 November 2016
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4.3 Két luén chwong 4

Trén co sé két qua dat duogc tir chuong 2 va chuong 3, trong chuong 4 da
ché tao thiét bi va tién hanh thuc nghiém trén tau thuc dé kiém ching cho
mot sd két qua chinh dat duogc cua luan an cu thé:
- Pi ché tao thanh cong thiét bi do MMX va phan mém phén tich DDX dong
co diesel lai chan vit va da tién hanh hiéu chinh trong qua trinh thir nghiém
tai phong thi nghiém va 4p dung do, phan tich trén tau thuc KN168.
- Két qua tinh todan mdé phong DPX va thyc nghiém trén tau kiém ngu
KN168 phul hop véi cac yéu cau quy pham NK - Nhat Ban, phu hop voi két
qua cta bang tinh DDX ma nha may ché tao dong co diesel Yanmar dua ra.

Piéu d6 gop phan minh ching cho d tin cdy cua thiét bi da ché tao.
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KET LUAN VA KIEN NGHI

Tir cac két qua nghién ctu 1y thuyét, moé phong va thyc nghiém, luan an

rat ra mgt s6 két luan cling nhu kién nghi sau.

l.
1.

Két luan:
Pé tai da xay dung va dé xudt nguyén 1y do tin hiéu MMX hé truc diesel

tau thay lai chan vit bang cam bién bién dang trén bé mit truc trung gian.

. X4c 1ap co so toan hoc ciing nhu co sé cong nghé cho trich mau ding

trong mot chu ky cong tac ddi voi cac loai dong co diesel tau thuy 2 ky va
4 ky.

Nghién ctru md phong sb tin hiéu MMX do duoc c6 chta nhiéu trong céac
truong hop dong co diesel chdy binh thuong va truong hop c6 mdt xy lanh
khong chay dap Gmg quy pham cua céc to chuc dang kiém hang hai trong
nuée (VR) va quc té.

Tac gia da ché tao, thir nghiém thanh cong thiét bj do va phan tich DBX hé
truc diesel lai chan vit tau thay bang phwong phap tem dan bién dang bao
gdm xay dung phan mém trén co sé sir dung LabView va phan ctng chuén
cong nghi¢p cua hang NI (Hoa Ky).

Tac gia tién hanh 1ap dat, hidu chuan thiét bi do va thuc nghiém do, xur 1y
tin hiéu MMX trén truc trung gian tau kiém ngu KN168 do Nha may dong
tau Hong Ha (B qudc phong) dong méi va duoc thir nghiém duong dai
vao ngay 29 - 30 thang 5 nam 2017) v&i cac ché do khai thac cu thé, dé
lam rd hon y nghia thuc tién cua luan an.

Céc két qua mo phong, bang tinh va gia tri thuc nghiém déu chi ra rang
cac bién 40 MMX, USX ctia hé truc tau kiém ngu KN168 1a khong 16n,
dung véi quy luat bién thién tin hiéu MMX, phu hop vé6i két luan cta hing
Yanmar cong bd theo quy trinh quy pham dang kiém NK.
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I1. Kién nghi:

Kién nghi ctia luan an cling chinh 1a nhiing van dé can nghién ctu tiép
theo cua dé tai, cu thé nhu:

1. Khi c¢6 diéu kién sé tién hanh do thuc nghiém trén cac dong co diesel 2 ky
thap téc cong suat 16n va thuc nghiém ché do mot xy lanh khong chay.

2. Trong thoi gian td1 s€ st dung mot thiét bi do MMX khéac, cia mot hang
ndi tiéng trén thé giéi da duoc dang kiém cong nhan dé kiém chung do
chinh xac cua thiét bj do da dugc ché tao va co6 hudng phat trién tiép dé
dua thiét bj vao sir dung thuc té trong nganh cong nghiép dong tau Viét

Nam.
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PHU LUC 1
MO PHONG VA XU LY LOC NHIEU PONG CO 02 KY
1. Mo phéng tin hiéu MMX cho dong co diesel 02 ky
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Hinh PL1-1 Két qua mé phéng tin hiéu da hai khéng nhiéu (Arand = 0)
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Hinh PL1-2 Két qua mé phéng tin hiéu da hai cé nhiéu, Ar =15
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2. Mo phéng tin hiéu md-men xoéin hé truc diesel tau thiy trén dong co

MAN B&W 6S46MC-C tau 34000 DWT
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Hinh PL1-3. Mé-men khi thé khi cac xilanh chdy binh thuong
(c) Mo6-men tung xilanh (1- 6) va mé-men tong (0) theo thoi gian;
(d) Phé bién do ctia mé-men tong Mo
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Hinh PL1-4. Mé-men khi thé tirng xilanh va mé-men tong (M,) khi cac xilanh chay
binh thwong, trir xilanh sé 1 khong chay
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(a) — M6-men chung Mq(t) va (b) - Phé bién do ciia mé-men téng (Mo) khi xilanh s6 1

khong chay;

a- OG0 Iornents in 6 eylinder -MOB FIRE [k 1] & Mo + 1. 5% rand)
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Hinh PL1-5. Mé-men khi thé khi cac xilanh chay binh thwong c6 nhiéu
(a) Mo-men tung xilanh (1- 6) va mo-men tong (0) theo thoi gian;

(b) Phd bién do ctia mé-men téng Mg
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a- TG Ivlorents in the IIISFIRE + 1 .53%rand() [k 1o
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a - Mo men tong (0) theo thoi gian; b - Phd bién d6 cia mé-men tong

Hinh PL1-6. Md-men khi thé khi xilanh s6 1 khong chiy, mé-men tong cé nhiéu

Bang PL1-1. Két qua md phéng tin hiéu Mo tong 12 hai véi bién dd cho boi

véc to RO va pha0, nhw trong ndi dung s6 1, khong c¢é nhiéu, ¢é sai so trich mau, diesel

NORMAL
Ro 0.0775 0.0656 0.0531 0.0479 00504 23440 00170 00108 0.0116 0.0119 00185 0.5966
n=110 H1 H2 H3 H4 H5 H6 H7 H8 HY H10 H11 H12
R 0.0589 0.1493 0.1096 0.2441 04467  1.2857 1.6775 05529  0.3276 0.2524 01813  0.1251
| Re-R. 00186 -0.0837 -0.0566 -0.1962 -0.3964  1.0583 -1.6605 -0.5421  -0.3160 -0.2405  -0.1628  0.4715
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R 0.1249 0.1979 0.1356 0.2893  0.4946  1.6470 13180  0.5117 0.3189  0.2629  0.2293  0.2356
| R-R.  -0.0474 -0.1323 -0.0825 -0.2415 -0.4442  0.6970 -1.3010 -0.5009  -0.3073 -0.2510  -0.2107 0.3610
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rc 0.1432 0.2099 0.1387 0.2869 04830 19501 09418 04113 02652 0.2335 02375 0.3607
"R-R,  -0.0657 -0.1442 -0.0857 -0.2390 -0.4326 0.3939  -0.9249  -0.4005 -0.2536 -0.2216 -0.2190  0.2359
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R. 0.1284 0.1878 0.1067 0.2377 04010  2.1746 05800  0.2768  0.1790  0.1695 0.2012 0.4779
| 'R-R.  -0.0509 -0.1221 -0.0536 -0.1898 -0.3507 0.1694  -05630 -0.2660 -0.1674 -0.1576 -0.1827 0.1187
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R 0.0962 0.1395 0.0470 0.1504 0.2505 23094 02579 0.1341 00801  0.0867 01243 05651
| R-R.  -0.0187 -0.0739 0.0061 -0.1025 -0.2001  0.0345 -0.2409 -0.1232 -0.0685 -0.0748 -0.1058  0.0314
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
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Rc 0.0775 0.0656 0.0531 0.0479 0.0504 2.3440  0.0170 0.0108 0.0116 0.0119 0.0185  0.5966
| R-R.  -0.0000 0.0000 -0.0000 0.0000 0.0000 0.0000 -0.0000  0.0000 -0.0000  -0.0000 0.0000  0.0000
N=122 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rc 0.1203 0.0322 0.1528 0.1363  0.2490 22941  0.1993 0.0922  0.0871 0.0845  0.1395 0.5544
| R-R.  -0.0428 0.0334 -0.0997 -0.0884 -0.1987 0.0498 -0.1823 -0.0814 -0.0755 -0.0726 -0.1210  0.0422
N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rc 0.1592 0.0812 0.2253  0.2474  0.5217  2.1949 0.3561  0.1818 0.1488  0.1503 0.2866  0.4721
' R-R.  -0.0817 -00156 -0.1723 -0.1996 -0.4714 0.1490 -0.3391 -0.1710 -0.1372  -0.1384  -0.2681  0.1245
N=126 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rc 0.1437 0.0861 0.2482  0.3098 0.7803  2.0613 0.4756  0.2547  0.1824 0.1660 0.3768  0.3971
'R-R.  -0.0662 -0.0205 -0.1952 -0.2619 -0.7300  0.2826  -0.4586 -0.2439  -0.1709 -0.1541  -0.3583  0.1995
N=128 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Re 0.0782 0.0912  0.2481 0.3455  1.0371 1.8847 0.5481 0.3088 0.2031 0.1513  0.4026  0.3166
| R-R.  -0.0007 -0.0256 -0.1951 -0.2976 -0.9868 0.4593  -0.5311 -0.2980 -0.1915 -0.1394 -0.3841  0.2800
N=130 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Re 0.0244 0.1486 0.2676 0.3878 1.3038 1.6611 05693  0.3429 0.2327 0.1802  0.4119  0.2075
| R-R.  0.0531 -0.0830 -0.2145 -0.3399 -1.2534 0.6828  -0.5523 -0.3320 -0.2211 -0.1683 -0.3934  0.3891

Bang PL1-2 Két qua md phéng tin hiéu Mo tong 12 hai véi bién d cho béi véc to Rmfl va

phmfl, nhw trong ndi dung s6 1, khong cé nhiéu, c6 sai so trich miu, diesel MISFIRE1

RMFl 43275 2.7333 17725 13345 09192  1.8486 0.4560  0.3194 0.2347 0.1483  0.1180 0.5212
n=110 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 40732 2.6718 1.8984 11265 1.3970 0.7498 1.3453  0.8025 0.3505 0.3185  0.2572  0.1097
Rwmri- Rmrc 0.2544 0.0615 -0.1259  0.2080 -0.4779 1.0988 -0.8892  -0.4831 -0.1158 -0.1702  -0.1392 0.4115
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 40742 26902 19086 1.0980  1.4435 1.0799  1.0555 0.7150 0.4043  0.2599  0.3237  0.1524
Rwmri- Rmrc 0.2534 0.0431 -0.1361 0.2365 -0.5243 0.7686  -0.5994 -0.3956  -0.1696  -0.1116  -0.2057  0.3689
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmre 41115 2.6984 19041 11034 14193 13880 0.7615 0.5959 0.3901 0.2060 0.3330 0.2707
Rwmri- Rmec 0.2160 0.0350 -0.1315 0.2311  -0.5001  0.4606 -0.3055 -0.2765 -0.1554  -0.0577  -0.2150 0.2506
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmre 41711 2.7042 1.8800 1.1446  1.3209 1.6293 0.5199  0.4712 0.3369  0.1554 0.2956 0.3885
Rwmri- Rmec 0.1565 0.0291 -0.1075 0.1899 -0.4018 0.2193  -0.0638 -0.1518 -0.1022  -0.0071 -0.1776 0.1327
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 42436 2.7140 1.8369 1.2209 1.1533  1.7869 0.4114  0.3706 0.2753  0.1305 0.2199  0.4804
Rwmri- Rurc 0.0840 0.0193 -0.0644 0.1136 -0.2341  0.0617 0.0447 -0.0512  -0.0406 0.0179  -0.1019  0.0408
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 43275 2.7333 1.7725 1.3345 0.9192  1.8486 0.4560 0.3194 0.2347  0.1483 0.1180 0.5212
Rwri- Rurc -0.0000 0.0000 0.0000 -0.0000 0.0000 0 -0.0000 0.0000 0.0000 -0.0000  0.0000 0
N=122 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 44144 27613 1.6987 1.4672  0.6455  1.8270 0.5516 0.3145 0.2181  0.1989 0.0751  0.4924
Rwmre1- Rmec -0.0869 -0.0280 0.0738 -0.1327 0.2737  0.0215 -0.0956  0.0050 0.0166  -0.0506  0.0429  0.0289
N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
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Rwmec 44889 27800 1.6472 15787 0.3831  1.7586 0.6296  0.3615 0.1917 0.2588  0.1969 0.4206
R~ Rmec -0.1613 -0.0466 0.1253 -0.2442 0.5361  0.0899 -0.1735 -0.0421  0.0430  -0.1105 -0.0789 0.1007

N=126 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rurc 45428 27668 1.6450 1.6431  0.2035 16674  0.6586  0.4461 0.1213 0.2784  0.2931 0.3504
Rwmr1- Rmrc -0.2152 -0.0335 0.1275 -0.3086  0.7157 0.1812 -0.2026  -0.1267 0.1134 -0.1301 -0.1751 0.1708

N=128 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rurc 45829 27200 1.6874 1.6722 0.2896  1.5521 0.6280  0.5250 0.0117 0.2430 0.3368 0.2754
Rwmr1- Rurc -0.2554 0.0133 0.0851 -0.3377 0.6296 0.2965 -0.1720 -0.2056 0.2230  -0.0947 -0.2188 0.2458

N=130 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmec 46218 26633 1.7407 1.6929  0.5392 14067 0.5519 0.5674 0.1040 0.1949  0.3632 0.1745
R~ Rmec -0.2943 0.0700 0.0318 -0.3584  0.3800 0.4419  -0.0959  -0.2480 0.1307 -0.0465  -0.2452  0.3468

Bang PL1-3. Két qua md phéng tin hiéu Mo tong 12 hai véi bién dd cho boi véc to RO va

pha0, nhw trong ndi dung s6 1, c6 nhiéu Arand = 1.5, ¢6 sai s6 trich miu, diesel NORMAL

Ro 0.0775 0.0656 00531 0.0479 00504 23440 00170 00108 0.0116 00119 00185  0.5966
n=110 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R 0.0661 0.1586 0.1178 0.2365 04608 12722 16812 05611 03417 02514 0.2003  0.1397

| R-R.  0.0114 -0.0930 -0.0647 -0.1887 -0.4104 10718 -16642 -0.5503 -0.3302 -0.2395 -0.1817  0.4569
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

R 0.1280 02136 0.1446 0.2826 05155  1.6444 13224 05119 03328 02531  0.2567  0.2498

' Re-R.  -0.0505 -0.1480 -0.0915 -0.2348 -0.4651  0.6995 -1.3054 -0.5011 -0.3212 -0.2412 -0.2382  0.3468
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R 0.1469 02276 0.1468 0.2816 05066 19576 09465  0.4018 02770 02111 02781  0.3694

| R-R.  -0.0694 -0.1620 -0.0937 -0.2337 -0.4562  0.3863  -0.9295  -0.3910 -0.2654 -0.1992 -0.2596  0.2271
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

Re 0.1342 0.2065 0.1140 02341 0.4251 21911 05842 02582  0.1861 0.1389  0.2438  0.4763
Ro- R. -0.0567 -0.1409 -0.0610 -0.1862 -0.3748  0.1528 -0.5672 -0.2473 -0.1746  -0.1269 -0.2253  0.1202
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R 0.1059 0.1588 0.0548 0.1493 02739 23331 02610 01093 0.0814 00631 0.1549  0.5543

| R-R.  -0.0284 -0.0931 -0.0018 -0.1014 -0.2235 0.0108  -0.2440 -0.0985 -0.0699  -0.0512 -0.1364  0.0423
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

R. 0.0775 0.0656 0.0531 0.0479 00504 23440 00170 0.0108 00116 00119  0.0185 0.5966

"Re-R.  -0.0000 0.0000 -0.0000 0.0000 0.0000  0.0000 -0.0000 0.0000 -0.0000  -0.0000  0.0000  0.0000
N=122 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R. 0.0913 0.0846 0.0537 0.0543 0.0734 23724 00127 00155 0.0255  0.0414  0.0587  0.5819

| 'R-R.  -0.0138 -0.0189 -0.0007 -0.0065 -0.0230 -0.0284  0.0043 -0.0047 -0.0139  -0.0295 -0.0402  0.0147
N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

Rc 0.1303 0.0239 0.1521 01393 0.2402 23244 01989 0.1142 01006  0.0916 0.1755  0.5426

| Re-R.  -0.0528 0.0417 -0.0991 -0.0915 -0.1898  0.0196 -0.1819  -0.1034 -0.0891  -0.0796 -0.1570  0.0540
N=126 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

Rc 0.1664 0.0645 02261  0.2473 05171 22239 03573 01987 0.1630  0.1417 03295  0.4687

| Re-R.  -0.0889 0.0011 -0.1731 -0.1994 -0.4668 0.1200 -0.3403 -0.1879 -0.1514  -0.1297 -0.3110  0.1278
N=128 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
R. 0.1501 0.0749 0.2516 03068 0.7829 20867 04779 02683 0.1966  0.1516 04182  0.4036
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Ro- Re -0.0726 -0.0093 -0.1986 -0.2589  -0.7325 0.2573  -0.4609  -0.2575 -0.1850 -0.1397 -0.3997  0.1929

N=130 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Re 0.0858 0.0974 0.2549  0.3397 1.0472 1.9049 0.5511  0.3204 0.2172  0.1408 0.4288  0.3292
Ro- Rc -0.0083 -0.0318 - 0.2018 -0.2918  -0.9968  0.4390 -0.5341 -0.3096 -0.2057  -0.1289 -0.4103 0.2674

Bang PL1-4. Két qua mé phéng tin hi¢u Mo tong 12 hai véi bién dd cho béi vée to Rmf1 va
phmf1, nhw trong chuong 1, ¢6 nhiu Arand=1.5, ¢6 sai s6 trich miu, diesel MISFIRE1

Rt 43275 277333 17725 13345 09192 1.8486 04560 0.3194 02347 01483 01180 05212
n=110 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmre 40955 26785 18783 10834 1.3851 07588  1.3290  0.7942  0.3350  0.2959 0.2504  0.1247
| Rwri- Rwec  0.2320 0.0548 -0.1058 0.2512 -0.4660  1.0897  -0.8730 -0.4748 -0.1003 -0.1475 -0.1324  0.3965
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 40969 26965 1.8904 1.0585 1.4391 10895 1.0417 07091 0.4011  0.2427 03138  0.1718
| Rwri- Rwec  0.2306 0.0368 -0.1179 0.2760 -0.5199  0.7590 -0.5857 -0.3897 -0.1664  -0.0944 -0.1958  0.3495
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwre 41345 27041 18883 10706 14222 13961 07502 05942  0.4004 0.2016 0.3225  0.2839
| Rwri- Rwec 01931 0.0292 -0.1157 0.2639 -0.5030  0.4524  -0.2942 -0.2748 -0.1656  -0.0533 -0.2045  0.2373
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwre 41941 27093 1.8668 11214 13307 16351 05089  0.4750  0.3583  0.1707 0.2887  0.3881
| Rwri- Rwec  0.1334  0.0241 -0.0943 02131 -04115 02134  -0.0529 -0.1555 -0.1236 -0.0224 -0.1707  0.1332
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 42666 27182 1.8265 12094  1.1691 17899  0.3975 0.3792  0.3036 0.1555 0.2193 0.4664
| Rwr- Rwec  0.0609 0.0152 -0.0539 0.1251 -0.2499  0.0587  0.0585 -0.0597 -0.0689  -0.0072 -0.1013  0.0549
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rurc 43505 27365 1.7649 13355 09399 18485 04406 0.3282 02667 0.1561 01219  0.5006
| Rwri- Rwec  -0.0230 -0.0032 0.0076 -0.0010 -0.0207 0.0000  0.0155 -0.0088  -0.0320 -0.0078 -0.0039  0.0206
N=122 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwre 4.4373 27633 1.6940 14803 06690 18240 05372 03181  0.2518  0.1828  0.0690 0.4743
| Rwri- Rwec  -0.1098 -0.0300 0.0786 -0.1457 0.2502  0.0245 -0.0812 0.0014  -0.0170  -0.0345  0.0490  0.0469
N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwre 45115 27809 1.6455 16026 04046 17530 0.6179  0.3586 0.2254 0.2338 0.1894  0.4134
| Rwri- Rwec  -0.1840 -0.0476 0.1270 -0.2681 05146  0.0955 -0.1618 -0.0391  0.0093 -0.0855 -0.0714  0.1078
N=126 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rurc 45650 27668 1.6466 16765  0.2056 16599  0.6504  0.4392  0.1534 02541  0.2895 0.3575
| Rwri- Rwee  -0.2375 -0.0334 0.1259 -0.3420 07135  0.1886 -0.1944 -0.1197 0.0813  -0.1057 -0.1715 0.1638
N=128 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rurc 46047 27191 1.6925 17129 02662 15434 06238 05162  0.0404 02216 03394 0.2921
| Rwr- Rwee 02771 0.0143 0.0800 -0.3784 0.6529 0.3052 -0.1677 -0.1968  0.1943  -0.0733 -0.2214  0.2292
N=130 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwrc 46429 26615 17491 17377 05183 13973 05524 05580  0.0859  0.1749 0.3716  0.1949

Rwmr1- Rure -0.3153 0.0719 0.0234 -0.4032  0.4009 0.4513  -0.0963 -0.2386 0.1489 -0.0266 -0.2536  0.3264
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Bang PL1-5. Sai so bién dd diéu hoa chinh (bac 6) ciia Mo tong khéng c6 nhiéu, c6 sai so

trich mau, diesel NORMAL, R0(6)=2.3440 kN

n(v/p) 110 112 114 116 118 120 122 124 126 128 130
dR(6) 1.099 0.769 0.461 0.219  0.062 0 0.022 0.090 0.181 0.297 0.442
dR(6)% 46.9% 32.8% 19.7% 9.3% 2.6% 0.0% 0.9% 3.8% 7.7% 12.7% 18.9%

X

Bang PL1-6. Sai so bién dd diéu hoa chinh (bac 6 va bac 12) ciia Mo tong c6 nhiéu,
Arand=1.5 KNm, ¢6 sai s6 trich miu, diesel NORMAL, R0(6)=3.3440 kN,
R0(12)=0.5966 kN

%

n(v/p) 110 112 114 116 118 120 | 122 124 126 128 130
drR(6)  1.0718 06994 03863 0.1528 0.0108 0  -0.028 0.020 0120 027  0.439
dR(6)% :
21%  209% 116%  46% 03% 00% . 06% 36%  81%  131%
. (1]
dR(12) 0457 03468 02271 01262 00423 0 00147 00540 0.1278 01929 0.2674
dR(12)%
766% 581%  38.1% 71% 00% 25% 9.1% 214%  323%  44.8%

Bang PL1-7 Két qua phan tich sai s6 trich miu cho Mo tong 12 hai véi bién d9 cho béi véc
to Rmfl va phmf1 (tir bang 2.4) khong c6 nhiéu, diesel MISFIRE1

Rwvr1 43275 27333 1.7725 1.3345  0.9192 1.8486  0.4560 0.3194 0.2347 0.1483 0.1180 0.5212
n=110 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Rmre 0.2544 0.0615 -0.1259 0.2080  -0.4779 1.0988 -0.8892 -0.4831 -0.1158  -0.1702 -0.1392  0.4115
dR% 5.88 225 -7.10 15.58 -51.99 59.44 -19499 -151.23 -4933 -11474  -117.93  78.95
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rmrc 0.2534 0.0431 -0.1361 0.2365  -0.5243 0.7686  -0.5994  -0.3956  -0.1696 -0.1116 -0.2057 0.3689
dR% 585 158 -7.68 17.72 -57.04 41.58 -131.44 -123.83  -72.25 -75.25  -17430  70.77
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rmrc 0.2160 0.0350 -0.1315 0.2311 -0.5001 0.4606 -0.3055 -0.2765 -0.1554  -0.0577 -0.2150  0.2506
dR% 499 1.28 -7.42 1731  -54.41 24.92 -66.99 -86.56 -66.22 -38.90 -182.18 48.07
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri1- Rmre 0.1565 0.0291 -0.1075 0.1899 -0.4018 0.2193 -0.0638 -0.1518 -0.1022  -0.0071  -0.1776  0.1327
dR% 3.62 1.06 -6.06 14.23 -43.71 11.86 -14.00 -47.52 -43.55 -4.79 -150.53 25.47
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rmre 0.0840 0.0193 -0.0644 0.1136 -0.2341 0.0617  0.0447  -0.0512  -0.0406  0.0179  -0.1019  0.0408
dR% 1.94 071  -3.631 8511 -25.471 3.34 9.80 -16.02 -17.28 12.048 -86.36 7.84
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmrc 43275 27333 1.7725 13345 0.9192 1.8486  0.4560 0.3194 0.2347  0.1483 0.1180 0.5212
Rwmri- Rmrc -0.0000 0.0000 0.0000 -0.0000  0.0000 0 -0.0000 0.0000 0.0000 -0.0000 0.0000 0
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N=122 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Ruwrc -0.0869 -0.0280 0.0738 -0.1327 0.2737 0.0215 -0.0956  0.0050 0.0166  -0.0506 0.0429  0.0289
dR% -201 -1.02 4.16 -9.95 29.78 1.168 -20.97 1.557 7.077 -34.13 36.33 5.55

N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Rwre -0.1613 -0.0466 0.1253 -0.2442 0.5361  0.0899 -0.1735 -0.0421  0.0430 -0.1105 -0.0789  0.1007
dR% -3.73 -171 7.07 -18.30 58.32 4.87 -38.05 -13.16 18.33 -74.48 -66.86 19.32

N=126 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rurc -0.2152 -0.0335 0.1275 -0.3086 0.7157 0.1812  -0.2026  -0.1267 0.1134 -0.1301 -0.1751 0.1708
dR% -497  -1.23 7.19 -23.13  77.87 9.80 -44.42 -39.66 4833  -87.67 -148.38 32.78

N=128 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Ruwre -0.2554 0.0133 0.0851  -0.3377  0.6296 0.2965 -0.1720  -0.2056 0.2230 -0.0947  -0.2188  0.2458
dR% 590 049 4.80 -25.30 68.49 16.04 -37.71 -64.37 95.03 -63.87  -185.43 47.17

N=130 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Ruwre -0.2943 0.0700 0.0318 -0.3584  0.3800 0.4419 -0.0959  -0.2480  0.1307 -0.0465 -0.2452 0.3468
dR% -6.81  2.56 1.79 -26.85 41.34 2391 -21.02  -77.64 55.69 -3139  -207.76 66.52

Bang PL1-8. Két qua phén tich sai so trich miu cho Mo tong 12 hai v6i bién dd cho béi véc
to Rmfl va phmf1 (tir bang 2.6) c¢6 nhiéu, Arand=1.5, diesel MISFIRE1

Rwmrt 43275 27333 1.7725 1.3345  0.9192 1.8486 0.4560  0.3194  0.2347 0.1483 0.1180  0.5212
n=110 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rmrc 0.2443 0.0538 -0.1221 0.2127  -0.4865 1.0908 -0.8856 -0.4738  -0.1108 -0.1815 -0.1739  0.4476
dR% 565 197 -6.89 15.94 -52.93 59.01 -194.20 -148.31 -47.19  -122.36  -147.33 85.89
N=112 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Ruwrc 0.2444 0.0332 -0.1352 0.2412  -0.5324 0.7804  -0.5966  -0.3802 -0.1671  -0.1259 -0.2345  0.4093
dR% 5.65 122 -7.65 18.08 =51:93 42.22 -130.83 -119.01  -71.19 -84.87  -198.69 78.52
N=114 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Rmre 0.2080 0.0226 -0.1331  0.2355 -0.5069 0.4851  -0.3034 -0.2568  -0.1560 -0.0733  -0.2279  0.2861
dR% 481 083 -7.51 17.65 435,119 26.24 -66.53 -80.40 -66.47 -49.46  -193.11 54.89
N=116 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Rmre 0.1494 0.0142 -0.1112  0.1937 -0.4066  0.2516 -0.0618 -0.1333 -0.1056  -0.0171 -0.1683  0.1468
dR% 345 052 -6.28 14.52 -44.24 13.61 -13.56 -41.72 -44.99 -11.53  -142.63 28.16
N=118 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwri- Rmrc 0.0778 0.0020 -0.0701 0.1166  -0.2366 0.0976 0.0475 -0.0430  -0.0459 0.0245 - 0.0742 0.0272
dR% 180 0.07 -39 8.74 -25.74 5.28 10.42 -13.45  -19.56 16.53 -62.90 5.22
N=120 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rurc -0.0053 -0.0195 -0.0074 0.0018 0.0004 0.0357  0.0034 -0.0079  -0.0066 0.0156 0.0341  -0.0340
Rwmri- Rmrc -012  -071 -042 0.14 0.044 1.94 0.74 -2.464 -2.804 10.544 28.94 -6.55
N=122 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rmre -0.0914 -0.0492 0.0649 -0.1321 0.2774 0.0535 -0.0926 -0.0138 0.0093  -0.0436  0.0474  -0.0116
dR% -2.11 -1.80 3.66 -9.90 30.18 2.89 -20.30 -4.31 3.95 -29.40 40.17 -2.22
N=124 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmri1- Rmre -0.1649 -0.0690 0.1151 -0.2448  0.5434 0.1154  -0.1713  -0.0612 0.0353  -0.1137 -0.0734 0.0702
dR% -3.81 -2.52 6.49  -18.35 59.12 6.24 -37.57  -19.16 15.05 -76.64  -62.21 13.46
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N=126 H1 H2 H3 H4 HS5 H6 H7 H8 H9 H10 H11 H12
Rwmri- Ruwrc -0.2177 -0.0564 0.1161 -0.3105  0.7232 0.1989 -0.2013  -0.1405 0.1058 -0.1393 -0.1544 0.1632
dR% -5.03 -2.06 6.55 -23.27 78.67 10.76 -44.15 -43.99 45.08 -9395 -130.81 31.32

N=128 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwri- Rwre - -0.2566  -0.0098 0.0727 -0.3407  0.6261 0.3065 -0.1718 -0.2133 0.2172 -0.1070  -0.1854  0.2610
dR% 593  -0.36 4.12 -25.53 68.11 16.58 -37.66 -66.77 92.55 -72.12  -157.15 50.07

N=130 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
Rwmr1- Rurc -0.2942 0.0471 0.0188 -0.3623  0.3725 0.4449 -0.0969  -0.2494 0.1367 -0.2126  0.3760
dR% -6.80 1.72 1.06 -27.15 40.53 24.07 -21.24 -78.07 58.24 -180.13  72.14

3. Két qua mé phéng xir Iy loc nhiéu tin hiéu MMX

Hinh PL1-7 Két qua loc nhiu qua b loc trwgt trung binh (2m+1)

Puong loc tron — theo phuong phép truot trung binh;
Duong nhap nho — tin hi¢u MMX (dau vao c6 nhicu).

Blulti-Har Floment without noise
T ulti-Har. Momant with noiss Smnd=1.5

; Filtared data b FaGm=5
g i : : : : i Filtored bar Wide 5

i i i i
100 200 300 a0 =00 aon 700 F00
Time indes {nd

Hinh PL1-8. Mé phéng loc nhiéu qua b loc trwet trung binh (2m+1) va cira sb loc
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T phase Pilering
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Filered Rand Motred

x . ; s
q
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Hinh PL1-9. M phéng lgc nhiéu qua b loc Zero-Pha
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PHU LUC 2
BANG TINH DAO PONG XOAN HE TRUC CHIiNH SERI TAU K3000
SU DUNG DME BON KY YANMAR 6EY26W

MARALCY KB HRAS®

THE CALCULATION SHEET FOR THE TORSIONAL VIBRATION DKTE 6 Noveibec 2016
wBsE
ONNNER ¢ VIETNAM COAST GUARD .3
bl TR T
DOCKYARD HONG _HA SHIPYARD B
BoE 0 % )
SHIP NO. . H222 / K3000 SHIP BAME : i3
T@mMEEA
MAIN ENG, WODEL ; BEY264 ( 1920k¥W / 750min”! )

Mo oW oz MO K

REVERSE & REDUCTION GEAR MODEL : Scana Volda A.S. ACGE8/626/PF500-1
TeAFREN

PROPELER_MODEL ; CPP, NUMBER OF BLADES 4, DIAMETER 2000 mm

F B oAl W WM L

ENG. P.T.0. DRIVEN NODEL :

BW) S y— S 03] W F B MR
RUNNING WODE ”fﬁ“‘;m 75 9F BARRED SPEED RANGE
A s ('L:II‘GI P.T.0. ChEENGE | el
CALCULATION SHEET NO. ' CLUTCH | RANGE (min™) ORDER
BB — -
=28, Sor 6‘&04 Norﬁn\n Nmﬁtm m"ﬁ; =
D3-51695-390K (2/9~5/9) ¢ ORDER
BUERE (N0 1 SR it 15 - - I o
NO,1 CYL. MISS FIRING CONDITION sl NODE  —
[3-51695-3908 (6/9~4/9) o . HTHING ORDER —
th S , - - R
: " 5 =
NEUTRAL e, : NODE  —
D3-51695-391B (2/4~4/4) = R IN SOTHING ORDER -
[ il
[caution] ki BV, Ehil, b2 fitizEEih b A,

M:cwmm 10 rmxmnmo« OF TORSIONAL VIBRATION, THERE [S NO PROBLEM
FOR THE STRESS AND TORQUE IN THE NORMAL USING SPEED RANGE.

WEANDINT AR O LT,
o EERE RN T ARER

e & LARGE PORER PRODUCTS OPE. BUSINESS
Buf - X  DEVELOPMENENT DIY. ENGINEERING DIV., WARINE

=% — B = TG
LTHER SEC. MANAGER CHECKED DESIGNED
WORK_NO. : R4B54801/54501 - -

HEES -
DRAW NO. - D3-51695- 3018 Y o - /ﬂ%’” \‘FWIAW

1/PL2



B pn = H ENGINE DATA
HERAFES.  ENGINE MODEL 6 EY26W
kA RATED OUTPUT 1920 W B2 RATED SPEED 750 mn*
BT FEHsESH MEAN INDICATED FRESSURE: 2. 837 MR
SfEEE WO OF CYLINDER 6 AEAMEFE FIRING ORDER :1— 3 —5—B—4—2
USSP CYLINDER BORE : 268. O en A bo—4 STROKE : 38. § e

s R R RG MODEL

. BSC RATIO

Scana Volda A. 3. ACGGE/625/FFE00-1

3.488

SR TR FLASTIC COUFLING MODEL - RATO-S G2911-BR2100 (For Propeller)
RATO-R K4925-BR2900 (For Shaft Generator)
Bz} : fifiE-F
Colculstion Mode : Ses Going
. fRtEE=1h EiHE o e i B
H::SE?E. H:Qﬁ:} INERTIA | EQE LENGTH | SHAFT DIa. | REDUC
[kg=cme sl {eml lenl RATID
1—1 | Enginetieans 3467 15.10 2.5 100
1—2 | Fan 143,78 1950 .00 10
1—3 |Fam 143,78 1950 22,00 100
1—4 |Fsn 144.78 1950 2200 1
1—5 | Fum 4.8 1950 2200 100
1—6 |PFam 143,78 1950 22,00 10
1—7 [Fem 143,78 1660 2500 100
1—8 | Fiywheel + Elstic Cropling 1244.50 306458 50.00 100
1— & | Tdefhet + Flasic Copling 187.83 T 16.00 100
1— 10 | RedutionGear lnpust Shalt AEL 4191 Bm 100
1—11 |k 15L% 4751 50.00 100
1—12 |l [ 5340 50.00 458
1— 1 3 | Reduction Gear Outpoet Flunge + Propellr Shek ) 184148 Hn R
1—1 4 | Propeller 113608
2—1 | HighGunensbor 1548 RIEAT ) [T
2— 2 | Flastic Coapling . 4| BT T (1455
2—3 | Elestie Crapling Wik il 16.90 1443
2—d |G HLAL
DRAW NO. : DI-51695-3%E (1/9)
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PHU LUC 3

MOT SO HINH ANH HIEU CHUAN, LAP PAT VA THUC NGHIEM

Hinh PL3-1 Kiém tra tinh dap ng ciia tem dan bién dang
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Hinh PL3-2 Hiéu chuin tem dén bién dang
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Hinh PL3-3 T6 hop diesel lai may phit c6 hoan cai dwong truc tai PTN
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Hinh PL3-4 Ché d thir nghiém tai vong quay 1500 v/ph tai tai 100 A

Hinh PL3-5 Thuc nghi¢m ché d9 khong chiay mét xy lanh tai PTN
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Hinh PL3-7 Lip dit thiét bi do MMX trén truc trung gian
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Hinh PL3-9 Ghi lwu dit li¢u tin hi¢u MMX trén truc trung gian
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PHU LUC 4

KET QUA PO MO-MEN XOAN TAI TAU KIEM NGU KN168

LabVIEW Measurement

Writer_Version 2

Reader_Version 2

Separator Tab

Decimal_Separator

Multi_Headings Yes

X_Columns One

Time_Pref Absolute

Operator Hoang Van Si

Description Measurements 2 channel -strain gause (TV+Axial)
Date 5/30/2017

Time 07:39.5
***End_of_Header***

Channels 2

Samples 4186 4186
Date 5/30/2017 5/30/2017
Time 07:47.3 07:47.3
Y_Unit_Label Strain Strain
X_Dimension Time Time

X0 0.00E+00 0.00E+00
Delta_X 0.0002 0.0002
***End_of Header***

#SAMPLES  X_Value Strain_0 Strain_1 Comment
1 0 -0.026155 0.001495
2 0.0002 -0.026153 0.001494
3 0.0004 -0.026153 0.001494
4 0.0006 -0.026152 0.001496
5 0.0008 -0.026154 0.001496
6 0.001 -0.026152 0.001496
7 0.0012 -0.026153 0.001495
8 0.0014 -0.026153 0.001494
9 0.0016 -0.026154 0.001494
10 0.0018 -0.026153 0.001496
11 0.002 -0.026153 0.001495
12 0.0022 -0.026154 0.001496
13 0.0024 -0.026156 0.001496
14 0.0026 -0.026154 0.001495
15 0.0028 -0.026155 0.001494
16 0.003 -0.026155 0.001495
17 0.0032 -0.026153 0.001494
18 0.0034 -0.026154 0.001495
19 0.0036 -0.026154 0.001495
20 0.0038 -0.026156 0.001495
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
95
56
57
58
59
60
61
62
63
64
65
66
67
68

0.004
0.0042
0.0044
0.0046
0.0048

0.005
0.0052
0.0054
0.0056
0.0058

0.006
0.0062
0.0064
0.0066
0.0068

0.007
0.0072
0.0074
0.0076
0.0078

0.008
0.0082
0.0084
0.0086
0.0088

0.009
0.0092
0.0094
0.0096
0.0098

0.01
0.0102
0.0104
0.0106
0.0108

0.011
0.0112
0.0114
0.0116
0.0118

0.012
0.0122
0.0124
0.0126
0.0128

0.013
0.0132
0.0134

-0.026155
-0.026155
-0.026156
-0.026158
-0.026157
-0.026158
-0.026159
-0.026156
-0.026158
-0.026157
-0.026157
-0.026157
-0.026158
-0.026159
-0.026157
-0.026158
-0.026158
-0.026161
-0.026159
-0.026161
-0.026159
-0.026161
-0.026161
-0.026159

-0.02616
-0.026162
-0.026161
-0.026163
-0.026164
-0.026164
-0.026165
-0.026165
-0.026163
-0.026164
-0.026164
-0.026164
-0.026165
-0.026165
-0.026164
-0.026165
-0.026166
-0.026164
-0.026165
-0.026164
-0.026165
-0.026166
-0.026165
-0.026168

2/PL4

0.001496
0.001496
0.001496
0.001495
0.001496
0.001496
0.001495
0.001496
0.001495
0.001496
0.001496
0.001496
0.001494
0.001496
0.001495
0.001495
0.001497
0.001495
0.001496
0.001495
0.001496
0.001495
0.001496
0.001496
0.001495
0.001495
0.001495
0.001495
0.001495
0.001494
0.001495
0.001495
0.001495
0.001496
0.001494
0.001495
0.001495
0.001495
0.001495
0.001496
0.001495
0.001495
0.001496
0.001495
0.001496
0.001496
0.001495
0.001496



69 0.0136 -0.026165

70 0.0138 -0.026166
71 0.014 -0.026166
72 0.0142 -0.026167
73 0.0144 -0.026168
74 0.0146 -0.026168
75 0.0148 -0.026168
76 0.015 -0.026167
77 0.0152 -0.026169
78 0.0154 -0.026169
79 0.0156 -0.026169
80 0.0158 -0.026169
81 0.016 -0.026169
82 0.0162 -0.02617
83 0.0164 -0.026169
84 0.0166 -0.026169
85 0.0168 -0.026169
86 0.017 -0.026168
87 0.0172 -0.026168
88 0.0174 -0.026167
89 0.0176 -0.026167
90 0.0178 -0.026168
91 0.018 -0.026168
92 0.0182 -0.026169
93 0.0184 -0.026168
94 0.0186 -0.02617
95 0.0188 -0.02617
96 0.019 -0.026168
97 0.0192 -0.026169
98 0.0194 -0.02617
99 0.0196 -0.026168
100 0.0198 -0.026169
101 0.02 -0.026168
102 0.0202 -0.02617
103 0.0204 -0.026169
104 0.0206 -0.026168
105 0.0208 -0.02617
106 0.021 -0.026169
107 0.0212 -0.026169
108 0.0214 -0.026169
109 0.0216 -0.026168
110 0.0218 -0.026166
111 0.022 -0.026168
112 0.0222 -0.026167
113 0.0224 -0.026167
114 0.0226 -0.026168
115 0.0228 -0.026166

3/PL4

0.001496
0.001496
0.001496
0.001496
0.001495
0.001496
0.001495
0.001495
0.001495
0.001496
0.001496
0.001495
0.001496
0.001495
0.001496
0.001496
0.001495
0.001496
0.001495
0.001496
0.001497
0.001496
0.001497
0.001495
0.001496
0.001495
0.001496
0.001494
0.001496
0.001494
0.001497
0.001496
0.001496
0.001496
0.001496
0.001495
0.001495
0.001496
0.001496
0.001498
0.001494
0.001495
0.001496
0.001496
0.001497
0.001495
0.001496



4147 0.8292 -0.026154 0.001496

4148 0.8294 -0.026156 0.001495
4149 0.8296 -0.026154 0.001496
4150 0.8298 -0.026156 0.001496
4151 0.83 -0.026151 0.001495
4152 0.8302 -0.026154 0.001496
4153 0.8304 -0.026154 0.001494
4154 0.8306 -0.026153 0.001495
4155 0.8308 -0.026155 0.001498
4156 0.831 -0.026153 0.001496
4157 0.8312 -0.026154 0.001496
4158 0.8314 -0.026154 0.001494
4159 0.8316 -0.026155 0.001497
4160 0.8318 -0.026152 0.001496
4161 0.832 -0.026153 0.001496
4162 0.8322 -0.026151 0.001494
4163 0.8324 -0.026153 0.001496
4164 0.8326 -0.026153 0.001495
4165 0.8328 -0.026154 0.001494
4166 0.833 -0.026152 0.001496
4167 0.8332 -0.026153 0.001495
4168 0.8334 -0.026151 0.001496
4169 0.8336 -0.026153 0.001494
4170 0.8338 -0.026152 0.001495
4171 0.834 -0.026152 0.001496
4172 0.8342 -0.026153 0.001495
4173 0.8344 -0.026152 0.001495
4174 0.8346 -0.026153 0.001495
4175 0.8348 -0.026152 0.001495
4176 0.835 -0.026152 0.001495
4177 0.8352 -0.026152 0.001495
4178 0.8354 -0.026151 0.001495
4179 0.8356 -0.026151 0.001495
4180 0.8358 -0.02615 0.001495
4181 0.836 -0.026154 0.001497
4182 0.8362 -0.026153 0.001496
4183 0.8364 -0.026153 0.001495
4184 0.8366 -0.026153 0.001495
4185 0.8368 -0.026154 0.001495
4186 0.837 -0.026153 0.001496
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