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TOM TAT

Tén dé tai: Thiét ké hé thong quan ly va giam sit niing lwgng phan xuéng sir dung
Webserver
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Trong thoi dai cong nghiép hién dai, nhu cu sir dung nang lwong mét cach hiéu qua va
bén vitng d3 tré thanh mot trong nhitng yéu t6 then chdt dé cac doanh nghiép tdi uu héa
chi phi van hanh va dap ung cic tiéu chuan vé phat trién xanh. Nha mdy san xuat, véi
dic diém tiéu thu nang lugng 16n, can c6 mot hé thong gidm sat va quan 1y nang lugng
thong minh nham theo ddi, phan tich va diéu chinh viéc st dung nang luong theo thoi
gian thyc. Viéc kiém soat nang lugng khong chi gitip tiét kiém chi phi ma con goép phan
nang cao tudi tho thiét bi, giam thiéu nguy co su c6 va dam bao hiéu suat san xuat 6n
dinh.

Pé tai nay tap trung vao viéc xay dung mot hé théng giam sat va quan 1y niang lugng
tich hop trong nha mdy, str dung dit liéu thu thap tir cac cam bién do luong dién ning,
hé théng SCADA hoic PLC. Cac dir liéu nay s& dugc truyén vé may chii hodc nén tang
co so dit lidu dé luu trir. Hé thong cung cap giao dién truc quan, cho phép nguoi ding
theo ddi nang luong tidu thu theo timg khu vuc, day chuyén hodc thiét bi cu thé. Céc
biéu d6 va bang thong ké dugc cap nhat lién tuc giip nha quan Iy nhanh chong phat hién

nhing diém bat thuong trong qua trinh van hanh.

Piém ndi bat cua dé tai 1 tng dung cac thuat toan hoc may trong phan tich dit liéu nang
lwong. Dya vao dir liéu lich sir va dir lidu theo thoi gian thuc, hé théng s& duoc huan
luyén dé phat hién cac xu huéng tiéu thu bat thuong, du doan kha nang vuot ngudng
cOng suét hodc canh bao nguy co su ¢6 nhu qua tai, mét can béng pha, hoac tiéu thu
nang luong vuot dinh mirc. Mot s6 thuat toan co thé duoc ap dung bao gém hoi quy
tuyén tinh, cdy quyét dinh, mang no-ron nhan tao hodc LSTM. Nhé& d6, hé thong khong
chi phan anh hién trang ti€u thu nang luong ma con mang tinh du bao, hd tro doanh
nghiép ra quyét dinh nhanh chéng va chinh xac hon.

Hé thdng c6 thé md rong tich hop véi cac giai phap diéu khién ty dong, dé xuét lich bao
tri thiét bi, hodc dua ra khuyén nghi nham giam tiéu thu trong cac khung gio cao diém.
Qua d6, dé tai mang lai ¥ nghia thuc tién rd rét, vira nang cao hiéu qua san xudt, vira dap
g cac yéu cau vé quan 1y ning luong thong minh theo tiéu chuan cong nghiép 4.0.



LOI NOI PAU

Trong bbi canh chuyén d6i sb va phat trién bén viing dang dién ra manh mé trén toan
thé gidi, viéc ap dung cong nghé vao quan 1y niang luong dang trd thanh xu hudng tat
yéu, dac biét trong linh vyc cong nghiép. Cac nha may hién nay khong chi can dam bao
san xudt 6n dinh ma con phai t6i vu héa nang leong tiéu thu, giam chi phi van hanh va
han ché tac dong dén méi truong. Trude yéu cau do, viée nghién ciru va trién khai cac
hé théng giam sat nang luong théng minh, két hop véi cac cong nghé méi nhu hoc may
(Machine Learning), dang ngay cang duoc quan tam.

Xuat phat tir thyc tién trén, em di chon dé tai "Giam sat va quan 1y nang luong nha may
két hop v&i hoc may dé du doan va canh bao" lam do an tot nghiép. Pé tai hudng dén
viéc xay dyng mot hé thong c6 kha ning thu thap, xir Iy va phan tich dit liéu nang luong
trong nha may, dong thoi ing dung cac thuat toan hoc may don gian dé phat hién bat
thuong va dua ra canh bao sém. Qua dé, hé thong sé& hd trg doanh nghiép nang cao hiéu

qua van hanh, giam thiéu rai ro va tirng budc tién td1 muc ti€u san xuat thong minh.

D6 an duge thue hién véi su hudng dan tan tinh ctia ¢6 TS Truong Thi Bich Thanh cling
v6i K¥ sur Cao B4 Hanh va sy hd trg ctia cac thay ¢ trong khoa Pién, em xin chan thanh
cam on. DU da cb gang hoan thién, nhung do thoi gian va kién thirc con han ché, do an
chac chan khong tranh khoi thiéu sot. Em rat mong nhan dugc sy gop ¥ quy bau tir thay
cO d¢ hoan thién dé tai tot hon.

Em xin chan thanh cam on!



CAM DOAN

To1 xin cam doan rang toan bo ndi dung trong do6 an tot nghiép véi dé tai “Giam sat va
quan ly nang lugng nha may két hop vo1 hoc may dé du doan va canh bao” 1a két qua
nghién ctru, hoc tap va lam viéc nghiém tic ctia cd nhan t61 dudi sy hudng dan cia giang

vién huéng dan.

Trong qua trinh thyc hién, t6i d4 tuan thu nghiém tac cac quy dinh vé liém chinh hoc
thuat. Moi tai li¢u, dir li€u, hinh anh, bang biéu, thuat toan, doan ma. .. st dung trong dd
an déu dugc trich dan rd rang nguodn goc. Toi khong sao chép ndi dung tir cac tai licu,

d6 an, luan van khac duéi bat ky hinh thirc ndo ma khong ghi chu.

Néu c6 bat ky vi pham nao lién quan dén dao dtrc hoc thuat duge phat hién, t61 xin hoan

toan chiu trach nhiém trudc nha truong va cac co quan c6 tham quyen.

Sinh vién thuc hién

{Chir ky, ho va tén sinh vién}
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MO DAU

Muc dich thue hién dé tai:

Dé tai "Thiét ké hé thong quan 1y va gidm sat niing lwong phan xwéng sir dung
Webserver" duogc thyc hién nham dap tmg nhu ciu thuc tién trong viée st dung nang
lwong mot cach hiéu qua va thong minh trong moi truong san xuat cong nghiép. Muc
dich chinh cta dé tai 1a xay dyng mot hé thdng giup giam sat tinh trang tiéu thu dién
nang tai cac khu vuc hodc thiét bi trong nha may, dong thoi tmg dung hoc may dé phan
tich va dy doan cac bat thuong trong qua trinh van hanh. Thong qua d6, d¢ tai hudng toi
viéc t6i wu hoa qua trinh str dung niang luong, giam thiéu lang phi, phat hién kip thoi cac
su ¢d va hd tro ngudi quan 1y dua ra quyét dinh nhanh chéng, chinh xAc.

Muc tiéu deé tai:

Trong qué trinh nghién ctru, dé tai tap trung vao viéc thu thap va xur 1y dir liéu nang
lwong dién — bao gom céc thong sé nhu dién ap, dong dién, cong suat — tir cac thiét bi
do hoac hé théng PLC/SCADA. Dt li¢u sau d6 duogc luu trir, phan tich va hién thi truc
quan qua giao dién web hodc phdn mém giam sat. Song song voi d6, cac mo hinh hoc
may don gian nhu hoi quy tuyén tinh, mang no-ron dugc st dung dé hoc tir dit liéu lich
sir, tir 46 du doadn xu hudng tiéu thu hodc canh bao khi phat hién du hiéu bt thuong
nhu qua tai hoac ti€u hao khong hop 1y.

Pham vi nghién ciru:

Pham vi nghién ctru cta dé tai gidi han trong mot phan xudng ctia nha may, tap trung
vao mang nang lugng dién, khong mo rong sang cac loai nang lugng khac nhu khi nén
hay nhiét. Ddi twong khao sat 1a cac thiét bi dién cong nghiép, cam bién, bo diéu khién
PLC, bién tan va phan mém giam sat. Phuong phéap thyc hién chi yéu bao gom nghién
ctru tai liéu 1y thuyét, phan tich yéu cau hé thong, xy dung mo hinh thu thap va xir ly
dir liéu, 1ap trinh va huin luyén mé hinh hoc may, cudi cung 1a kiém thir va danh gia

hiéu qua hé thong.
Ké hoach nghién ciru:

Giai doan 1: Nghién ctru Iy thuyét cac phuong phap gidm sat nang luong dién hién nay.
Nghién ciru xay dung giai phap va cai tién cho nha may.

Sinh vién thyc hién: Tran Lé Cong An GVHD: TS Truong Thi Bich Thanh — KS: Cao Ba Hanh
Tran Nguyén Thién Y 1
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Giai doan 2: Nghién ctru vé cac thiét bi phan cng va phan mém st dung trong
giai phap. Nghién ctru vé truyén thong Modbus TCP/IP giita PLC va céc thiét bi

do ludng giita Gateway va bién tan, ...
Giai doan 3: Xay dung thuit toan, l4p trinh theo yéu cau dé ra.

Giai doan 4: Hoan thién cac yéu cau ky thuit cta giai phap. Tién hanh chay thi,
kiém nghi¢m cac két qua dat dugc. Hoan thién bao cao, luan van, bao vé¢ dé tai
truéc Hoi dong phan bién.

Céu tric cia D6 an tét nghiép:

Toan bd nd1 dung dd 4n duoc trinh bay thanh 4 chuong, cu thé nhu sau:

v' Chuong 1 Giéi thiéu tong quan vé dé tai.

v Chuong 2 Trinh bay co s& 1y thuyét lién quan dén quan 1y nang leong va hoc
may.

v' Chuong 3 X4y dung phan tich va thiét ké hé thong giam sat.

v' Chuong 4 Trinh bay qua trinh trién khai va thir nghiém.

v Cudi cung, téng két két qua dat duoc, néu ra han ché va hudng phat trién
trong tuong lai.
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CHUONG 1: TONG QUAN VE PE TAI

1.1 Tinh cap thiét cia giam sat va quan 1y ning lweng

Trong bbi canh hién nay, khi nhu cau st dung dién niang ngay cang gia ting, dic
biét trong cac nganh cong nghi€p, thuong mai va dan dung, viéc giam sat va quan ly
nang lugng dong vai tro vo cung quan trong. Viéc ti€u thu dién khong hop 1y khong chi
gay lang phi tai nguyén ma con lam gia ting chi phi van hanh, anh huong dén hiéu qua

sdn xuat va tac dong tiéu cuc dén moi truong.

Bén canh d6, v4i xu hudng phat trién cong nghiép hoa va tu dong hoa, viéc ap
dung cac hé thong giam sat ning luong theo thdi gian thuc giup doanh nghiép theo ddi,
phan tich va toi uu hoa viéc st dung dién nang, tir 46 dua ra cac giai phap tiét kiém hiéu
qua. Pic biét, trong bdi canh gia dién c6 xu hudng ting va cac quy dinh vé tiét kiém
nang luong ngay cang dugc siét chat, viéc xdy dung mot hé théng gidm sat va quan 1y

nang luong 1a hét sirc can thiét va mang tinh cap bach.

Vi vay, viéc nghién ciru va trién khai hé thong giam sat nang luong khong chi dap
g yéu cau thyc tién ma con phu hop véi xu thé phat trién bén viing va img dung cong
nghé 4.0 trong quan 1y nang lugng hién dai.

Cung dong hanh véi “Chuong trinh quéc gia str dung ning lugng tiét kiém va hiéu
qua giai doan 2019-2030”, cac doanh nghiép dang nd luc tiét kiém chi phi, xay dung hé
thdng quan 1y nang luong tién tién.

1.2 Giéi thiéu mot vai giai phap giam sat ning lwong tir d6 dé xuat giai phap cho
nha may

Trong nhiing nim gan ddy, van dé niang luong dang trd thanh mot trong nhiing
thach thirc 16n ddi véi nganh cong nghiép. Gia dién ngay cang gia tang, trong khi yéu
cau vé tiét kiém nang luong, giam phat thai khi nha kinh va hudng t6i phat trién bén
vitng dang duoc dit ra mot cach cip thiét. Trong bdi canh do, viéc nghién ctru va trién
khai cac giai phap ning luong thong minh trong nha may 1a mot xu hudng tit yéu nhim

nang cao hi¢u qua san xuat va giam thiéu chi phi van hanh.

Mot s6 giai phap ning lugng phd bién c6 thé ap dung tai cac nha mdy cong nghiép

hién nay bao gom:
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— Vinamilk d3 trién khai du an ning luong mit troi va sir dung cong nghé

tiét kiém ning lugng tai cac nha may va trang trai.

Hinh 1-1: Trang trai Vinamilk sur dung nang luong mat troi

— Thay d6i cac thiét bi lac hau ton nhiéu dién ning bang céc thiét bi hién dai
hon va tiéu thu it dién ning hon. Nhu thép Hoa Phat thay thé qua bién tan
GD5000 dap Gmg tot yéu cau cong nghé va tiét kiém duoc 40% dién ning
cho cong ty.

Hinh 1-2: Thép Hoa Phét thay thé bang bién tan GD5000

— Ap dung cong nghé do dém, phén tich, theo ddi va canh bao. Gilp nha
may quan 1y viéc sir dung dién, giam ning luong. Kiém soat tat ca cac khu
vue va bd tri ké hoach san xuét hop ly, han ché téi da viée st dung cac

thiét bi tiéu thu cong suat dién 16n vao gio cao diém.
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Hinh 1-3: Phong diéu khién trung tam kiém sodt toan bé hoat dong ciia nha mdy xi-mang Tdan Thing

Viéc trién khai hé théng giam sat nang luong mang lai nhiéu loi ich thiét thuec.
Thong qua h¢ théng nay, dit li¢u ti€u thy dién nang cta cac thiét bj nhu dong co, may
nén khi, may lanh, may bom... s€ dugc thu thap lién tuc va luu trit theo thoi gian thyc.
Cac thong s6 nhu cong Sut, dong dién, dién ap, hé sb cong suét s& duogc xtr 1y, hién thi
va canh bao khi vuot ngudng cho phép. Tir d6, nguoi quan 1y c6 thé d& dang phat hién
céc thiét bi hoat dong khong hi¢u qua, déng thoi ¢6 co so dé dua ra cac quyét dinh toi

uu hoa van hanh.

Tuy nhién, viéc gidm sat va phan tich dit li€u thu cong thuong khong du nhanh va
chinh xac dé xu Iy mot khoi luong dir lidu 16n trong thdi gian dai. Do d6, dé tai nay dé
xudt tich hop cong nghé hoc may (Machine Learning — ML) vao hé théng gidm sat ning
luong dé tu dong hoa qua trinh phén tich dit liéu, phat hién bat thuong va du doan sy cb
thiét bji. Cac thuat toan hoc mdy c6 thé duoc hudn luyén dya trén dir liéu lich sir van
hanh cua thiét bi nhu dong dién, nhiét d9, do rung... dé nhan dién cic xu hudng bat
thudong, canh bao sdm nguy co hong hoc nhu: bac dan mon, mét cin bang, qua nhiét
hoic 16i cach dién.

Viéc tmg dung ML khong chi giup nha may phat hién su c6 sdm ma con hd tro xay
dung ké hoach béo tri dy doan (predictive maintenance) thay vi bao tri dinh ky nhu
truyén thong. Piéu nay giup giam thoi gian dimg may khong mong muén, kéo dai tudi
tho thiét bi va t6i wu hoa nguodn lyc bao tri. Bén canh d6, mé hinh ML con c6 thé dé xuat
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phuong an van hanh t6i vu dé giam tiéu thu dién ning trong gid cao diém hodc phan

tich hiéu suét str dung ning luong theo timg khu vuc san xuit.

Tom lai, viéc két hop giita cac giai phap ning lugng truyén thdng va cong nghé sd
hién dai nhu hé thdng giam sat ning lugng va Machine Learning 14 huéng di phu hop
trong xu thé chuyén d6i sé cong nghiép. Pay ciing chinh 14 co s& dé cac doanh nghiép
xay dung mo hinh nha may théng minh, gop phin ning cao ning lyc canh tranh, dap
g cac tiéu chudn qudc té vé quan 1y ning luong va phat trién bén vimng trong thoi dai

cong nghiép 4.0.
1.3 Mouc tiéu dé tai va y nghia thyc tién
L.3.1 Muctiéu

Dé tai hudng dén viéc xay dung mot hé thong giam sat nang luong cho phan xudng
san xuét, két hop véi img dung hoc may nham dy bao sém cac sy cb hodc bat thuong
trong qua trinh van hanh. Muc ti€u chinh 1a thu thdp va phan tich dir li¢u dién nang tiéu
thu tir cac thiét bi trong phan xudng theo thoi gian thue, tir d6 phat hién nhitng dau hiéu
bat thudng vé hiéu suit hodc trang thai thiét bi. Trén co so dit liéu thu thap dugc, dé tai
ap dung cac thuit toan hoc may dé huin luyén mo hinh du doan 16i nham hd trg cong
tac bao tri chu dong va giam thiéu thoi gian dirng may khong mong mudn. Ngoai ra, hé
thng con tich hop giao dién truc quan gitip nguoi van hanh dé dang theo ddi tinh trang

tiéu thu nang lwong va nhan canh bao khi can thiét.
1.3.2 Y nghia

Vé mit y nghia thuc tién, dé tai mang lai nhiéu loi ich trong bdi canh cong nghiép
hién dai, noi cic doanh nghiép ngiy cang chu trong dén viéc tiét kiém nang luong va
ting cudng do tin cdy trong van hanh thiét bi. Viéc giam sat va t6i wu hoa st dung dién
nang khong chi gitup giam chi phi vin hanh ma con gép phan nang cao ning suit va tudi
tho thiét bj. Pong thoi, tng dung hoc may trong phén tich dit liéu tiéu thu dién giap du
bao sém hong hoc, nang cao hidu qua bao tri va han ché rii ro san xuat. Hé thong dé
xuat ¢o tinh tng dung cao, dé mo rong va phu hop véi xu huéng chuyén doi sb trong
céc nha may, gop phan thiic ddy qua trinh cong nghiép hoa va phat trién bén ving.

1.4 Giéi thiéu hé théng giam sat va quan 1y ning lweng

Hé thong giam sat va quan 1y niang luong 1a mot giai phap cong nghé duoc thiét
ké nham thu thap, lwu trit, phan tich v hién thi dit liéu lién quan dén viéc tiéu thy ning
lwong trong cac co s& cong nghiép, tda nha thwong mai hoic nha may san xuat. Thong
qua céc thiét bi do dém dién ning, cam bién dong dién, dién ap va cic bo diéu khién l1ap
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trinh (PLC), hé thdng c6 kha ning theo ddi lién tuc tinh trang tiéu thu ning lrong theo
thoi gian thyc. Dit liéu duoc truyén vé trung tim diéu khién hodc hé thong may chu dé
xtr Iy va luu trit, tr d6 ngudi van hanh c6 thé d& dang danh gia hiéu suét sir dung ning

lwong, phat hién cac diém tiéu thy bat thuong hoic khong hiéu qua.

Ngoai chirc ning giam sat, hé thdng con hd tro dua ra cac phan tich chuyén sau
va dé xuét giai phap toi vu hda niang lrong, tir viée diéu chinh lich van hanh thiét bi cho
dén viéc du bao nhu cau tiéu thu trong tuong lai. Mot s6 hé théng tién tién con tich hop
tri tu¢ nhan tao hoac hoc may dé du doan xu huéng tiéu thy, danh gia ri ro va hd tro ra
quyét dinh bao tri thiét bi. Nho d6, doanh nghiép c6 thé giam thiéu lang phi, tiét kiém
chi phi van hanh, dong thoi nang cao do 6n dinh va an toan cho hé théng dién. Hé thong
giam sat va quan 1y niang luong ngdy nay déng vai tro quan trong trong chién luoc
chuyén doi sé va phat trién bén vimg, 13 mot trong nhirg thanh phan khong thé thiéu
trong cac nha may théng minh theo dinh huéng céng nghiép 4.0.

1.4.1 Y&u cau co bdn vé hé théng quan Iy va giam sat nang lweng

Dé xiy dung mot hé théng giam sat va quan 1y nang luong hiéu qua, déng thoi dap
ung yéu ciu ung dung hoc may trong viéc du bao 16i, hé théng can théa mian mét sb yéu

cau co ban vé€ phan cing, phan mém va kha nang xu ly dir lidu.

Vé phﬁn cung, hé théng can duoc trang bi cac thiét bi do luong chinh xac nhu cam
bién dong, cam bién dién ap, cong to dién ning (power meter) c6 kha ning truyén dir
ligu, cung vo1 bo xtr Iy trung tdm nhu PLC hoac céc thiét bj IoT gateway. Cac thiét bi
nay phai c6 kha nang lam viéc 6n dinh trong méi trudng cong nghiép va hd tro giao tiép
v6i cac chuan truyén théng phd bién nhu Modbus, TCP/IP hoic MQTT dé dam bao kha
nang két ndi va mo rong.

V& phan mém, hé thdng can c6 nén tang giam sat trung tim (SCADA hoic HMI)
dé hién thi thong tin theo thoi gian thuc, luu trit dit liéu lich sir va phat hién cac bat
thudng trong qua trinh van hanh. Phan mém ciing can hd trg tich hop cac mé hinh hoc
may nham xir 1y dir li¢u, huén luyén va du doan 16i mdt cach tu dong, d@)ng thoi dua ra

canh bdo kip thoi cho ngudi van hanh.

Cubi cung, hé théng can dam bao tinh linh hoat, kha ning mé rong va kha ning
bao tri dé dang. Dit liéu phai duogc luu trir mot cach c6 to chirc va an toan, hd tro truy
Xudt va phan tich lai khi can thiét. Giao dién nguoi dung can tryc quan, dé thao tac va
hién thi day dii cac thong tin can thiét cho cong tac van hanh, giam sat va ra quyét dinh.

Day 1a nhiing yéu t6 quan trong dé hé thong cé thé van hanh hiéu qua trong moi truong
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cong nghiép thue té va phuc vu cho muc tiéu t6i wu héa ning luong ciing nhu du bao

bao tri.

1.4.2 Cdc khau céng doan chinh trong hg théng qudn ly va gidm sdt ning lwong

Khau thu thap div
liéu

Khau hién thi, giam

sAtvacdnh bl [ = Khau dieu khién

| |

Khau luu trir va
phan tich di¥ liéu

Hinh 1-4: Cdc khdu trong hé thong gidm sat nang lrong

Hé théng quan 1y va giam sat ning luong trong dé tai c6 ciu tric gdm 4 khau duoc

két ndi véi nhau nhu hinh 1-4.

Khau thu thap dit li¢u c6 nhiém vu:

Thu thap céc tin hiéu tir cac thiét bi tiéu thu dién
Dir liéu can dugc lay theo thoi gian thyc hodc theo chu ky
Str dung céc giao thirc truyén thong khac nhau dé truyén dit liéu

DPam bao tinh chinh x4c, lién tuc va dong bo hoa dit liéu

Khau hién thi thuc hién cac chirc ning:

Gitp nguoi van hanh giam sat hé théng truc quan
Hién thi thong sb nang luong, trang thai hoat dong
Phan anh thoi gian thyc cia toan bg hé théng

Truc quan hoa dit liéu bang biéu do, sb liéu, déng hd

Canh béo tirc thoi tng véi thoi gian thuc

Khau diéu khién c6 nhiém vu:

Tu dong diéu chinh tai cat bot hodc thém
Diéu khién cac thiét bi ddng ngat nhu CB, MCCB, ...

Khau luu trit va phan tich dir li¢u:

Luu trir toan bd dir li¢u thu thap dugc

Phuc vu théng ké, phan tich s6 liéu
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— Truy xuét lich st
— Téi wu hoa tiéu thu dién nang tich hop cac h¢ théng nhu hoc may dé dy
doan céi 11 su ¢ c6 thé xay ra tir nhirg dir liéu thu thap duoc.

1.4.3 Céc thdng sé giam sét cia hé thang giam sat nang lueng

Trong hé thdng giam sat va quan 1y ning lwong phan xudng, viéc theo ddi cac
thong s6 van hanh 1a yéu t6 ¢t 161 dé danh gia hiéu qua sir dung niang luong ciing nhu
phat hién som cac ddu hiéu bat thuong. Cac thong sé chinh duoc hé théng giam sat bao

gom:

— Dién 4p (U — Voltage): La hiéu dién thé gitta hai diém trong mach dién, thuong
duoc do theo pha hodc gifta cac day pha. Giam sat dién ap giup kiém soat su
6n dinh ctia ngudn cung cap va phat hién cac hién twong nhu sut ap, qué ap co
thé gay hai dén thiét bi.

— Dong dién (I — Current): La dai luong thé hién cudong d6 dong dién di qua tai
tai mdi thoi diém. Viéc giam sat dong dién giup xac dinh thiét bi nao dang tiéu
thu nhiéu dién, phat hién hién tugng qua dong, ro ri hoac van hanh khéng binh
thuong.

— Cong suat (P — Power): Bao gom cong suat tic dung (P), cong suat phan khang
(Q), va cong suét biéu kién (S). Pay 1 thong sd phan anh tryc tiép luong dién
nang tiéu thu cia thiét bi, phuc vu cho tinh toan hiéu suat va ti wu hoa tiéu thu
nang luong.

— Hé s cong suat (cosqp — Power Factor): La ty 18 giira cong suat tic dung va
cong suit biéu kién, cho thdy mirc do hiéu qua trong st dung dién. Hé s6 cong
sudt thap thuong 1a dau hiéu cho thiy c6 nhiéu tai cam (motor, may bién ap),
va ¢ thé dan dén tién phat néu vuot ngudng cho phép ciia nha cung cip dién.

— Ap suit (Pressure): Puoc giam sat trong cac hé thong khi nén, thuy luc hoic
thiét bi 4p luc. Ap suit qua cao hodc qua thap co thé anh hudng dén hoat dong
an toan va hiéu qua cua diy chuyén san xut.

— Tén s6 (Hz — Frequency): Thuong 1a 50Hz, ddy 14 thong s quan trong dé dam
bao sy dong bo cua cac thiét bi dién. Tan s6 dao dong bat thuong c6 thé gay 16i
cho céc thiét bi nhay cam hodc dnh huéng dén chat lugng dién ning.

Viéc giam sét lién tuc cac thong sb trén khong chi gitip dam bao van hanh an toan

ma con hd trg thu thap dir liéu dau vao cho cic md hinh hoc may nham du béo 16i hodc

t6i wu héa van hanh thiét bi trong phan xudng.
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Danh gia két qua dat duoc bang cach: theo ddi va phan tich dir liéu do dém dé danh

gia két qua hiéu qua tiét kiém ning luong.

So sanh céc chi s6 ning luong trude va sau khi ap dung cac bién phap tiét kiém
Dénh gid xem muc ti€u c6 dat dugc hay khong (nhu gidm bao nhiéu dién nang
ti€u thu)

Xéc dinh hé thong ¢ hiéu qua khong (canh bao c6 phat hién 16i nhanh chéng
khong)

Danh gia muc do chinh xac kip thoi va kha nang cai tién cua hé thong

Sau khi danh gia két qua xong lai quay lai thuc hién chu trinh gidm sat ning luong

dé tiép tuc thu thap dit liéu va cai tién hé thong. Nhu vdy qua trinh giam sat va tdi uu

hoa 1a mgt vong 1ap lién tuc duoc thé hién nhu hinh 1-5 nham nang cao hiéu qua st

dung nang lugng theo thoi gian.

Giam sat nang lugng: Phan tich, tim kiém giai phéap:
* Thuthap dirliéu * Panh gia tinh hinh tiéu thu
« Giam sat nang lugng tiéu thy - nang lugng
* Phat hién canh bao L6i » Tim kiém giai phap tiét kiém
* Diéukhién nang lUong
Danh gia két qua: Lin Inya ou o det duyie:
S - - Tiét kiém va su' dyng nang
» Theo doi két qua clia cac thong 2 .
> E . lugng hiéu qua hon
sG-sau khl thyjc hibn céo Diga _ * Diéu khién cac thiét bj sir dung
phép tiét kiém, t6i Ly hod i paLicy

* Tinh hiéu suét clia giam sat

* Dy doan nhu cau sy dung

Hinh 1-5: Quy trinh giam sat nang luong

Két luin chwong 1.

Chuong 1 di trinh bay tong quan su cap thiét cia giam sat ning luong trong bdi

canh cong nghiép hién dai. Viéc ap dung gidm sat va quan 1y nang lugng khong chi giup

kiém sodat chi phi, nang cao hi€u suat san xuat ma con phu hgp véi dinh hudng chuyén

do6i s va cong nghé 4.0.
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CHUONG 2: TONG QUAN GIAI PHAP CONG NGHE SU DUNG PE
GIAM SAT NANG LUQNG NHA MAY

2.1 Hién trang cia nha may

2.1.1 Giéi thigu vé phan xwéng Spinning
Phan xuong Spinning 1a phan xudng cé vai tro kéo soi tir cac hat Chip Polymer va

Nylon. Qua trinh kéo sg¢i ctia phan xudng dugc mo ta nhu hinh 2-1

CLY#1 CLY#2 CLY#3 CLY®4 CLY#5

Heat Block

Gear Box

|
GP Motor

,Exlmdar Motor

—

s

\\\ p
- 01l Roller

01l Roller

GR Motor

| Spindle-A
| Spindle-B

|Spindle-A
|Spindle-B

Winder-2

Winder-1
Hinh 2-1: So do nguyén 1y cong doan Spinning

GVHD: TS Truong Thi Bich Thanh — KS: Cao B4 Hanh
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Chip tho s& dugc nung chay trong Extruder va dun xudng cong doan tiép theo bang
dong co Extruder. Qua trinh diéu khién motor Extruder mé ta nhu hinh:

Extruder |

4——Pressure |
Transmitter,

GP Polymer IN;
Pressure |

N Inverter

Truc qua
Extruder ép cc:“py
Motor

AN
NSNS

, GP Polymer
Quy trinh diéu khién dp sudt déu ra polymer tai Extruder Out Pressure |

| 380VAC-3P
! Extruder

Hinh 2-2: So dé hoat ddéng ciia dong co chinh trong xuwong Spinning

Motor Extruder duoc diéu khién bing bd diéu khién PIC( Pressure Indicator
Controller) theo diéu kién ap luc dat trude. Bo didu khién s& xuat tin hiéu 4-20mA dé
diéu khién bién tan cap ngudn cho dong co. Polymer nong chay khi ra khoi Extruder s&
duoc chia thanh 2 Pos va dugc dun xudng cong doan tiép theo bang Motor GP. Céc
Motor GP chi dugc diéu khién ON/OFF bang nit nhin truc tiép vao bién tan. Polymer
noéng chay qua cac LOT dit thu s& thanh cac soi Polymer va xudng cong doan Take UP(
Cong doan quén soi) bén dudi dé quan thanh cic cudn sgi thanh pham.

Ngodi Motor 3 pha thi cic Heater gia nhiét 1a thanh phan chiém tai trong ning
lugng chinh trong phan xudng. Cac Heater c6 chltc nang gia nhiét lam ndng chay Chip

Polymer tho thanh Polymer néng chay, gia nhiét cho qué trinh kéo s¢i, quan soi,....

Qua trinh diéu khién Heater tai Extruder biéu dién nhu hinh:
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"""""""" ~ " Temperature Sensor
...... “  m (=]

Polymer
Temperature
Température [ | GP Head
Indicator L Tempesature

. Controller-TIC

- Soi gia nhigt
380VAC-2P | k FE

GP Polymer
Temperature

Quy trinh diéu khién nhiét @6 tai Extruder va GP Head

Hinh 2-3: Quy trinh diéu khién Heater

Céc thiét bj gia nhiét s& duoc diéu khién bang cac b diéu khién TIC theo nhiét do
dit SV. Cac TIC diéu khién nhiét do theo vong diéu khién PID va dua tin hiéu diéu
khién 4-20mA vao cic SCR dé diéu khién cip ngudn cho céc thiét bi gia nhiét.

2.1.2 Tinh hinh giam sat tram di¢n cung cdp néng lwgng cho phén xwéng

Dién ning cung cap cho toan bo phan xudng duoc 1y tir tram bién ap riéng cla
phan xuong. Pién ap ludi trung thé 22kV duoc dua dén tram va bién ddi ha 4p xudng
380V 3 pha cung cap dién cho cac tii phan phdi trong phan xuong. Hinh duéi (hinh 2-

4) 1a danh sach phan phdi ning lugng vé cac Panel trong xudng:
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[QVTC-1 & NQVTC-1] Spinning #TR1 Substation Load Sheet

SP#1 HV-3 From: Spinning #1 HV-3 panel
TR #1
22k/380V
400KVA
Panel Name MCCB MCCB Spec Load

SP1-2 NP-1 400A-ABL- 403C SP 1A HEATER PANEL
NP-2 400A-ABL-403C SP 1B HEATER PANEL
NP-3 400A-ABL- 403C SP 1C HEATER PANEL
NP-4 400A-ABL-403C SP 1D HEATER PANEL
NP-5 400A-ABL-403C SP 2E HEATER PANEL
NP-6 400A-ABL- 403C SP 2D HEATER PANEL
NP-7 400A-ABL- 403C SPARE

SP1-3 NP-1 400A-ABL- 403C SPINNING DOWN 2C PANEL
NP-2 400A-ABL- 403C SPARE
NP-3 400A-ABL-403C BATCH DRYER HEATER 2A PANEL
NP-4 400A-ABL- 403C BATCH DRYER HEATER 2B PANEL
NP-5 400A-ABL- 403C BATCH DRYER POWER PANEL
NP-6 400A-ABL-403C BATCH DRYER CONVEYING PANEL
NP-7 400A-ABL- 403C SPARE

SP1-4 NP-1 400A-ABL- 403C 1A CONVERTER PANEL
NP-2 400A-ABL-403C 1B CONVERTER PANEL
NP-3 400A-ABL- 403C 1C CONVERTER PANEL
NP-4 400A-ABL- 403C 1D CONVERTER PANEL
NP-5 400A-ABL-403C 1E CONVERTER PANEL
NP-6 400A-ABL- 403C BATCH DRYER HEATER 1A PANEL
NP-7 400A-ABL- 403C BATCH DRYER HEATER 1B PANEL

Hinh 2-4: Cdc tii cdp dién cho tdi cia xwdng Spinning

Céc Panel nay s& cung cAp ning luong cho céc thiét bi trong phan xuéng nhu motor

3 pha, Heater, may Winder (may quén soi) ... Cung cp dién 220V cho dién chiéu sang,

nguon di€u khién va cac thiét bi khac.

Tram dién st dung cac t bién ap nhu hinh 2-5:

Sinh vién thyc hién: Tran Lé Cong An
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Hinh 2-5: Tu nguon 22kV va tii nguon 380V

Nhan dién ap ludi trung thé 22kV va bién d6i ha ap xudng 380V 3 pha cung cap
dién cho cac thiét bi trong phan xudng nhu motor 3 pha, Heater, may Winder (may quin
s0i) .... Cung cép dién 220V cho dién chiéu sang, ngué)n diéu khién...

Cac déng hd dién duoc dat tai cac ta dé do dong dién va di¢n ap cua may bién ap,
tir @6 tinh toan hién thi cac thong sb nang luong nhu:

— Vab, Vbe, Vac: Di¢n ap day
— Ia, Ib, Ic: dong di¢én 3 pha
— P: cong suét tac dung

—  Q: cong suat phan khang

— Cosphi: hé s6 cong sut

— Vanhiéu thong sb khac.

bong ho dugce két noi véi cac CT, PT dé do dong va di¢n ap cua may bién ap.
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A eR

Hinh 2-6: CT ¢ tu 22kV
Nhiing han ché hién tai cua viée giam sat tram dién:

e Qua trinh diéu khién va giam sat dién nang hién dang dugc thyc hién truc tiép
tai cac tu dién. Cac théng s6 nhu cong suét (P), dién ap (U), dong dién (I) phai
dugc ghi lai tha cong bang cach quan sat truc tiép trén thiét bi hlen thi tai chd.
Viéc nay khong chi mat thoi gian va d& xay ra sai s6t ma con tiém an nguy co
anh huong dén stc khoe do ngudi van hanh phai tiép xuc thudng xuyén voi khu
vic gan may bién ap.

* Hién tai, toan bo hoat dong giam sat nang lugng trong phan xuong van mang
tinh thu cong, gay nhiéu bat tién va tiém an rui ro. Viéc khong thé phat hién
som céc bat thuong hodc sy c¢b dot ngot co thé dan dén nhirng thiét hai nghiém
trong va ton that tai chinh dang ké cho nha may.

e Bén canh do, viéc ghi chép s6 liéu tram dién theo hinh thirc "check sheet" dang
dugc thuc hién ro1 rac theo chu ky, khong lién tuc theo thoi gian thuc. Diéu nay
khién dit liéu thu thap bi gian doan, khong du co s¢ dé phan tich nguyén nhan
va dua ra bao cdo khi xay ra sy cb.

2.1.3 Tinh hinh gidm sat cac phu tdi quan treng

Déi véi phan xudng Spinning, ngudn ning luong tiéu thu chinh ¢ cac dong co 3
pha cong suét 16n trong phan xudng. Cac Motor st dung & cac vi tri nhu Extruder, GP
motor, GR Motor,......Trong quy trinh san xuét cudn soi ctia cong doan Spinning thi quy

trinh ép Polymer nong chay cia Extruder 1a v6 cung quan trong. Tai day cac Motor 3

Sinh vién thuc hién: Trdn Lé Cong An GVHD: TS Truong Thi Bich Thanh — KS: Cao B4 Hanh
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pha cong suat 16n duoc st dung dé truyén dong cho truc Screw bén trong Extruder va

day polymer ndng chay sang cong doan tiép theo.

Hinh 2-7: Déng co truyén dong Screw

Trong qué trinh san xut soi tai Spinning thi Extruder c6 vai tro quan trong tat yéu
va hoat dong xuyén subt 24h/24h. Viéc motor dung do sy ¢ s& dan dén thiét hai 16n cho
cong ty. Vi vy viéc giam sat dong co ndy 1a vo cling can thiét. Va hién tai phan xudng
dang giam sat cac dong co nay bang Recoder va dua dir liéu 1én Web monitoring cta
nha may. Man hinh giam sét cac chi s6 quan trong tai Extruder duoc thé hién trén hinh
2.8.

Sinh vién thuc hién: Trdn Lé Cong An GVHD: TS Truong Thi Bich Thanh — KS: Cao B4 Hanh
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Hinh 2-8: Man hinh gidm sdt thuc té

Cac dir liéu cua qua trinh giam sat Extruder sé dugc luu vao co sé dit liéu cia cong
ty theo chu ki ldy mau 1 phiit mét lan va dugce dua 1én man hinh theo doi.

Han ché cua giao dién giam sat hi¢én tai & nha may la chi dung lai ¢ luu trit va hién
thi dir liéu 1én man hinh, chua dua ra dugc nhiing canh bao bat thuong trong qué trinh
van hanh Extruder. Luong dit liéu khong dugc xtr 1y, phan tich lién tuc dé phat hién
nhiing bat thuong kip thoi. Khi xay ra sy ¢6 chua thé ty danh gia va dwa ra canh bao vé

van dé dang x4y ra.

2.2 Pé xuit giai phap cai tién hé théng giam sat va quan ly ning lweng tai phan
xuwong:

Trén co so phén tich cic vin dé hién tai ctia hé thong giam sat va quan 1y ning
luong hién tai cia nha mdy, dé tai dé xuat mot giai phap cai tién hé thong giam sat va
quan 1y nang lwong nha may stir dung Webserver két hop cac thuat toan hoc may dé canh
bao bat thuong xay ra. So do cong nghé ctia giai phap duoc dé xuat nhu hinh 2.9
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Thiét by canh bao

+ Phong dicu khien

Thiét bj do ludmg

Man hinh dicu khién,
gidm sit
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|

R S TUE SRR MODBUS RTU ~ ~ ™ |

| " | :

|
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[u dieu kKluén

......................

‘ Tai nha may
Hinh 2-9: So' do mé phéng gidi phap gidm sat nang lwong

Dir liéu nang luong (Dién ap, dong dién, cong suat, cosphi) tir cac bién tan va dong
ho dién nang s& duoc thu thap thong qua giao thirc Modbus RTU. Céc tin hiéu nay dugc
chuyén tiép qua mot thiét bi gateway ETOS c¢6 chirc nang két ndi va thu thap dit liéu tir
cé4c thiét bi co cong két ndi Serial, chuyén doi dit liéu va két nbi véi PLC thong qua cong
Ethernet. PLC LS s€ dam nhi¢m vai tro luu trit tam thoi va xur Iy cac dir liéu nang luong,
dong thoi dam bao viée trao d6i thong tin giita cac thiét bi theo thoi gian thyc. Dir liéu
tir PLC sau d6 dugc truyén vé may chu co s dit liéu MySQL, noi luu trit toan bo thong

tin lién quan dén cac thong sb van hanh va tinh trang tiéu thy niang lugng cua nha mdy.

Mot hé thong webserver sé& dugc phat trién nham tryc quan héa dit liéu, cho phép
nguoi quan 1y d& dang giam sat tinh trang dién ning cta toan bo hé théng & bat ctr dau
trong nha may thong qua trinh duyét web. Ngoai ra, hé théng ciing s& tich hop cac chuc
nang phan tich di liéu lich str va du doan tinh trang bit thuong thong qua cac thuit toan
hoc may don gian, tir d6 hd tro ra quyét dinh kip thoi, nang cao hiéu qua quan Iy va van
hanh nang lugng.

Cong ty hién dang str dung déng ho do ning luong ROTECH Accura 3300e dé do
nhirng thong sb can thiét (U, I, Cosphi...). cc tin hiéu s& duoc dwa vé ETOS 150xp bing
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modbus RTU, két ni PLC voi ETOS bang modbus TCP/IP dé 14y tin hiéu va su ly. Két
nbi PC v6i PLC LS lay tin hiéu dua vé Websever.

2.3 So @6 truyén thong

= N

Application

Platform
J
Data Distribution Data Acquisition
P P Ay PR S P e P ] . .
Data : ) Internet Etheme!
Communicaton i {

Association

ol

J

Data Distribution l ] Data Acquisition

) Communication - — -
interface RS485 RS232 RS422 TCP/P

Acquisition Marsurement Diita! Powse Elactrical Sataty
Equipmon( Equipment Matet Equipment

Hinh 2-10: So d6 truyén théng ciia gidi phép gidi phdp qudn Iy va gidm sat nang heong

Tang thu thap: |2 qua trinh thu thap, phan tich va dién giai dit liéu tir mdi truong
dé tao ra hiéu biét vé tinh trang, vi tri hodc hanh vi cua dbi tuong:

— Measurement Equipment (Thiét bi do ludng): Thiét bj do ludng 14 nhitng
phan tir co ban ding dé thu thap dir liéu vat Iy tir hé thong dién nhu dong
dién, dién ap, cong suét, tan s, hé sb cong sut, nang luong tiéu thuy, ...

— Digital Power Meter (Pong ho do dién tr): 13 thiét b trung tdm trong hé
théng do dém ning luong. Thiét bi nay cho phép do va hién thi nhiéu thong
s6 dién nhu Dién ap pha va tong, Dong dién tirng pha, Cong suit tic dung
(kW), cong suit phan khang (kVAR), cong suat biéu kién (kVA), Tan sd,
hé sb cong suat (PF).

— Electrical Safety Equipment (Thiét bi an toan dién): bén canh do ludng,
hé théng can dugc trang bi cac thiét bi bao vé va an toan nham giam thiéu
rui ro chap chay, ro ri dién, soc dién. Céc thiét bi an toan dién bao gém
CB, ELCB (chéng 10), cau chi, thiét bi cach ly...
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Tang truyén thong dit liéu: duoc thyc hién nham xac dinh mbi lién két giita cac tag
dir liéu (nhu dién ap, dong dién, trang thai dong/cat...) véi ting thiét bi do ludng thong

qua cic giao thirc truyén thong phu hop.

Tang nén tang: Trong mot hé théng gidm sat ning lwong hién dai, nén ting
(platform) déng vai tro 1a xwong song giup lién két cac 16p dit liéu, truyén thong, xtr Iy
va hién thi. Nén tang khong chi cung cdp ha tang cong nghé can thiét ma con tao diéu
kién dé mé rong, nang cap va tich hop cac chirc ning nhu du doan sy ¢d, phan tich xu

hudng tiéu thu ning lugng, canh bao tirc thoi va didu khién tir xa:

— Equipment template: diing dé dinh nghia cac thong sd, cau tric va hanh vi
chung cho mot loai thiét bi trong cac hé théng ky thuat, tuy dong hoa,
SCADA.

— Data Dictionary: cAu tric thong tin mo ta chi tiét vé dit lidu duoc st dung
trong mot hé théng, ung dung, hodc co sé dir liéu. Vi du nhu dia chi PLC,
kiéu dir liéu, y nghia k¥ thuat, ngudng canh béo... cia thiét bi.

— Device Management: 12 qua trinh giam sat, diéu khién, bao tri va tdi uu
hoa cac thiét bi phan cting (cam bién, may moc, may tinh, thiét bi IoT,
v.v.) trong mot hé thong cong nghiép.

— Rule Engine: 1a mot thanh phan phan mém cho phép xac dinh, quan 1y va
thuc thi cac quy tic nghiép vu (business rules) mot cach linh hoat va tach
biét khoi ma ngudn chinh. N6 gitip hé thong ra quyét dinh tu dong dua
trén tap hop cac diéu kién "néu... thi...".

— Project Management: 1 qu4 trinh 1ap ké hoach, t6 chirc, giam st va kiém
soat cac ngu@)n luc nhim dat duoc muc tiéu cu thé caa méot du an, trong
thot gian va ngan sach da dinh.

Ngoai ra & 16p Intelligent IoT Management Platform (nén tang quan Iy IoT thong
minh) 12 mot nén tang dung dé quan 1y thu thap di liéu va phan tich dir liéu thong minh
str dung tri tué nhan tao/hoc may. La co s& dé 16p Application Center 1am dit liéu dé khai
thac va hién thi.

2.4 Giao thirc truyén thong Modbus

Trong phan xudng Spinning, hau hét cac thiét bi diéu khién va giam sat déu duoc
tich hop cong truyén thong RS485/RS232 va hd tro giao thirc truyén thong Modbus
RTU. Trong giai phap giam sat nang luong, cac thiét bi chinh bao gdm dong hd do dién
Accura 3300E va bién tin Yaskawa A1000, ca hai déu hd tro giao tiép qua Modbus
RTU, gitp d& dang tich hop vao hé thong thu thap di liéu.
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Bén canh do, viéc trao doi dit liéu gitra thiét bi diéu khién trung tam ETOS 150Xp
va PLC LS dugc thuc hién thong qua cong Ethernet, v6i giao thirc Modbus TCP/IP.
PLC LS hd tro ddy da Modbus TCP/IP, cho phép truyén théng hiéu qua véi ca ETOS
va may chu PC Server.

Vi vay, trong du an thiét ké giai phap giam sat ning lwong cho phan xudng, ching
em lya chon st dung giao thirc truyén thong Modbus (bao gdm ca RTU va TCP/IP) 1am
chuén truyén thong chinh dé dam bao tinh ddng bo, kha ning mo rong va kha ning tich

hop cao giita cac thiét bi trong hé thong.
2.4.17 Modbus RTU

Trong giai phap thiét ké hé théng giam sat nang luong phan xudng, giao thic
Modbus RTP dustr dung trong két ndi truyén thong gitta ddng hd Accura 3300e va bién
tan Yaskawa A1000 voi ETOS 150xp.

Modbus RTU 12 mét giao thic truyén thong chuén, rat phd bién trong nganh cong
nghiép dé truyén dir liéu giira cac thiét bi dién tar. RTU viét tit cia "Remote Terminal
Unit", tirc 1a thiét bi dau xa. Sir dung trong két ndi truyén thong giita dong hoé Accura
3300e va bién tan Yaskawa A1000 voi ETOS 150xp.

Modbus RTU hoat dong theo mé hinh master-slave:

— Mot master (b diéu khién chinh, nhu PLC, SCADA, PC) giri yéu cau.
— Mot hodc nhiéu slave (bién tan, cam bién, dong hd do dién...) phan hoi lai.

Két ndi str dung dudng truyén RS-232 hodc RS-485, phd bién nhat 1a RS-485 vi

hd trg nhiéu thiét bi ndi bus dai hang trim mét.
2.4.2 Modbus TCP/IP

Modbus-TCP/IP 1 giao thirc Modbus duoc st dung trén duong truyén Ethernet,
sit dung mo hinh TCP/IP d¢é truyén thong.

Modbus-TCP 1a 1 mang Ethernet cong nghi¢p mé dugc nhan dién boi Modbus-
IDA User Organization

Cling nhu céc loai modbus khac, Modbus TCP/IP ciing str dung m6 hinh Master-
Slave dé truyén thong. Tuy nhién, dugc trién khai trén nén Ethernet, st dung b giao
thire TCP trén nén IP.

Modbus TCP lam cho dinh nghia Master-Slave truyén thong thay dbi. Vi Ethernet
cho phép giao tiép ngang hang. Trong mang TCP, cac Slave c¢6 thé chi dong truyén
thong tin vé cac thiét bi quan 1y trung tim — Master. Sir dung dia chi IP trén cac Master

dé quan 1y tap trung tir phan mém.
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Modbus TCP/IP dugc sur dung trén cac mang TCP/ IP hién dai, c6 2 loai trién
khai Modbus TCP:
— Modbus RTU qua TCP, don gian chi 1a sir dung TCP 1am 16p vén chuyén
cho céc thong diép RTU.
— Modbus TCP binh thudng va c6 mot sb thay doi trong dinh dang tin nhan.
Vi duoc truyén trén nén TCP/IP nén tdc do truyén cia Modbus TCP/IP cao, dép
ting realtime. Cao hon han Modbus RTU.

Application Data Unit (ADU)
A

‘il )
A A Function Data ch 4 Khung di¥ liéu
~ - - ~ Code Modbus truyén théng
cAu TRUC GOI DU e |
F i M3 chire na a di
LIEU MODBUS TCP/IP B | per | nanmarestiead

\/

Modbus Application Protocol (MBAP) Header .
(7 Bytes) Protocol Data Unit (PDU)
Transaction| Protocol Length Unit ID Function Data Khung di¥ liéu Modbus
Identifier Identifier Field Code dwore truyén véi TCP/IP
(2 Bytes) (2 Bytes) (2 Bytes) (1 Byte) (1 Byte) Varies
\Y if

hd
Modbus TCP/IP ADU
(Théng tin ndy dwoc nhing vao phan dir liéu cha khung truyén TCP/IP)

Hinh 2-11: Cdu triic géi dit liéu Modbus TCP/IP

— Transaction Idenitifer: Ma giao dich giup xac dinh va phan biét cac yéu
cAu tir client, gitip client theo ddi phan hdi phu hop voi yéu cau da giri

— Protocol Identifer: Luén 1a 0x0000 dbi véi Modbus TCP/IP

— Length Field: Cho biét tong s6 byte con lai trong géi tin sau trudng nay

— Unit ID: Dung dé xac dinh thiét bi Slave ID thuong 13 01

— Function Code: M3 chirc niang cho biét cac loai yéu cau (doc, ghi...)

— Data: Dir li€u lién quan dén yéu cau, vi du dia chi thanh ghi can doc, sb
luong thanh ghi, hodc dit liéu can ghi (vi du 0018 0001 13 doc 1 thanh ghi
tur thanh ghi tha 25)
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Function Code Modbus Function Address
01 Read Coil Status Oxxxx
02 Read Input Status 1xxxx
03 Read Holding Registers AXXXX
04 Read Input Registers 3XXXX

Hinh 2-12: Cac Function Code Modbus TCP/IP

2.5 Co sé ly thuyét vé Machine Learning

Hoc may (Machine Learning) 1a mot loai tri tu¢ nhan tao cho phép cac ng dung
phan mém trd nén chinh xac hon trong viéc du doan két qua ma khong can lap trinh rd
rang dé 1am duoc nhu vay. Cac thuat toan hoc may st dung dir li¢u lich str lam dau vao
dé du doan céc gia tri twong lai médi. Nhu d3 nodi & phan so dd Truyén thong phan hoc
may dugc dit & phan Nén tang giup ldy dit liéu tir cac thiét bi cip truong thu thap duoc
tir tang Thu thap dit liéu.

2.5.1 CAac logi hgc may
v' Hoc c6 giam sat:

Str dung céac dir li¢u huan luyén dugc gan nhan va xéac dinh céc bién ma thuat toan

danh gia vé cac moi twong quan. Ca ddu vao va dau ra cta thuat toan déu duogc chi dinh
Cic buéc dé huan luyén mé hinh:
Buwéc 1: Xéac dinh loai dit liéu dé huan luyén.

Budc 2: Tap hop céc dir li¢u huén luyén, dau vao tuong ung voi dau ra duoc thu thap

tur cac chuyén gia con nguoi hodc cac phép do.

Budc 3: Xac dinh biéu dién diém dau vao ctia ham da hoc. B§ chinh xac cia ham phu

thudc nhiéu vao cach biéu dién d6i tuong dau vao.
Budre 4: Xac dinh ciu triic caa ham da hoc va thuét toan hoc tuong Ung.
Buwéc 5: Hoan thién thiét ké. Chay mé hinh trén tip huin luyén d tap hop.

Buéc 6: Panh gia d6 chinh xac cia mo hinh. Sau khi diéu chinh tham s6 va hoc hoi,
hiéu suit ctia chirc niang két qua phai dugc do trén mot bo thuc nghiém khac tach riéng
v6i bo huan luyén.

v" Hoc khdng giam sat:
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Hoc khong giam sat 1a mot nhdnh quan trong trong hoc may, trong dé6 mo hinh
dugc huin luyén véi dit liéu khong c6 nhin. Thay vi dua vao théng tin dau ra da biét,
mo hinh s& ¢d ging phat hién ra cac cdu trac 4n, mau hinh hodc mdi quan hé trong tip
dir liéu. Céc thuit toan hoc khong giam sat phd bién bao gdm phan cum (clustering) nhu
K-means va phan tich thanh phan chinh (PCA). Phuong phéap nay dic biét hiru ich trong
cac bai toan phan tich dit liéu 16n, noi viée gan nhén thu cong cho tirng mau 13 ton kém
hoac khong kha thi.

v" Hoc ban giam sat:

Hoc ban giam sét 13 phuong phap két hop giira hoc ¢6 giam sat va hoc khong giam
sat, su dung mdt lugng nhé dir 1iéu c6 nhan cung vo1 mdt lugng 16m ditr liéu khong cod
nhan. Muc tiéu ctia phuong phap nay 1a tan dung thong tin tir dit liéu khong nhan dé cai
thién do chinh xac cia mo hinh. Trong thuc té, viéc thu thap dir li¢u khong nhan la dé
dang va chi phi thap, trong khi dit liéu c6 nhin thuong doi hoi chuyén gia xir Iy. Do do,
hoc ban giam sat 1a giai phap hiéu qué trong nhiéu linh vyc nhu nhan dang hinh anh, xtr

1y ngén ngit tw nhién va phan tich van ban.
v' Hoc ting cwong

Hoc tang cuong 1a mot k¥ thudt hoc mdy ma trong dé6 mot tac nhan (agent) hoc
cach hanh dong trong mot mdi trudng thong qua co ché thir - sai. Mi hanh dong cua
tac nhan s& nhian duoc mot phan thudng hodc hinh phat, tir 46 mo hinh diéu chinh chién
luge dé t6i wu hoa phan thudng tich liy vé 1au dai. Hoc ting cudng dic biét phu hop voi
cac bai toan ra quyét dinh tuan ty nhu diéu khién robot, choi game hay tdi wu hoa hé
thdng. Pay 1a linh vuc dang dugc nghién ciru manh mé va dong vai trd quan trong trong

su phat trién cua tri tué nhan tao hién dai.
2.5.2 RNNlagi

Mang no-ron hoi quy (RNN) Ia mot md hinh hoc sdu dugc dao tao dé xu Iy va
chuyén d6i dau vao dir liéu tuan ty thanh dau ra dir liéu tuan tu cu thé. Dit liéu tuan ty
1a dir liu, chfmg han nhu tir, cAu hodc dit liéu chudi thoi gian, trong d6 cac thanh phén
tuan tu twong quan véi nhau dya trén ngit nghia phire tap va quy tac cti phap. RNN i
mot hé thong phan mém gdm nhiéu thanh phan dugc két ndi véi nhau theo cach con
nguoi thuc hién chuyén ddi dir liéu tuan tu, chrfmg han nhu dich van ban tr ngén ngir
nay sang ngdn ngit khac. Phan 16n RNN dang dugc thay thé bang tri tu¢ nhan tao (AI)
dua trén cong cu bién doi va cac mo hinh ngdn ngit 16n (LLM), hiéu qua hon nhiéu trong

viéc xu ly dir li¢u tuan ty.
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2.5.3 Thugttodn LSTM
Bo nhd Long Short-Term Memory (dai ngdn han) 13 mot bién thé ciia RNN cho
phép m6 hinh mé rong dung luong bd nhd dé phu hop véi dong thoi gian dai hon. RNN
chi c6 thé nhé du vao tie thi, nhung RNN khong thé st dung dau vao tir mot sb chudi
trude d6 dé cai thién du doan. Cac mang LSTM thém mot khdi bo nhd dic biét goi 1a
cac 6 trong 16p an. Mbi 6 duogc diéu khién boi cong dau vao, cong dau ra va cong quén,
cho phép ghi nh¢ nhitng thong tin hiru ich.
Y tuwong ctia LSTM 1a bd xung thém trang thai bén trong té bao (cell internal gate)
S, vaba cong sang loc cac thong tin dau vao va dau ra cho té bao bao gdm forget gate
, input gate I, va output gate 0,. Tai mdi budc thoi gian t, cac cong déu 1an lugt nhan
f, t gate I, tput gate 0,. T budc thoi gian t g déu lan lugt nh
gia tri dau vao X, (dai dién cho mot phan tir trong chudi dau vao) va gia tri h_, c6 dugc
tir dau ra ctia memory cell tir budc thoi gian truoc d6 t—1. Cac cong déu dong vai tro

c6 nhiém vu sang loc thong tin vo1 muc dich khac nhau.

Xe he—y  x¢ hey

=i
5 IF i ‘ memory cell

candidate\,., / input gate
values (o)
; cell state
St—] w——p wc—> u-;- ) > S 1 > St
forget gat tput gat Eanht
orget gate output gate T
i B | —@——n
t ’ ‘ Ot ’(\7 g7 t
Xe he—y X¢ he—y

Hinh 2-13: M6 hinh triee quan vé cach thire hoat dong ciia LSTM
O budc dau tién té bao LSTM quyét dinh nhitng thong tin nao can duoc loai bo tir
cell internal state & budc thoi gian trudc d6 S, . Activation value ft cua forget gate tai
budc thoi gian t dugc tinh dya trén gia tri dau vao hién tai X , gia tri dau ra h[_1 tir té
bao LSTM & budc thoi gian trude do va bias b, cua forget gate. Haim sigmoid function
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bién d6i tat ca activation value vé mién c6 gia trj trong khoang tir 0 (hoan todn quén) va

1 (hoan toan ghi nh¢):
fo=o(W; ,x + W, ,h,; +by)

O budce thr 2, té bao LSTM quyét dinh nhitng thong tin nao can duoc thém vao
cell internal state S,. Budc nay bao gébm hai qué trinh tinh toan d6i véi §va f,.
Candicate value $; biéu dién nhing théng tin tiém ning can dugc thém vao cell internal

state duoc tinh nhu sau:

g:mmmmmx+m§m4+Q)

Action value i; cta input gate theo d6 cling dugc tinh nhu sau:

| = tanh(W, % +W, ;h, +b)

O bude thir 3 gia tri méi cua cell internal states,duoc tinh dua trén két qua tinh
toan thu dugc tir cac budc trude véoi phép nhan Hadamard theo tirng phan tor (Hadamard

product) dugc ky hiéu bang Hy

s="fL s, ,+i1§

O bude cudi cung, gia tri dau ra h ctia té bao LSTM duoc tinh toan dua trén hai

phuong trinh sau:

Ot = O-(Wo,xxt + Wo,hht—l + bo)
h =o,[] tanh(s,)

Két luin chwong 2.

Chuong 2 di trinh bay tong quan hién trang phan xuéng Spinning ciia nha may.
Dé khic phuc, chuong di gidi thiu giai phap thyc tién 1 ing dung hé thong gidm sat
thoi gian thyc va tich hop hoc may nham ty dong phat hién bat thuong va dyu doan su
c6 thiét bi. Nhitng giai phép nay duoc xay dung trén nén tang cac co sd 1y thuyét viing
chac gom: cong nghé do ludong, hé thong SCADA, giao thic truyén thong cong nghiép
(Modbus, TCP/IP), nén tang hoc may (Machine Learning). Py 1a tién dé quan trong
cho viéc phat trién hé théng giam sat nang lwong thong minh, dap tng yéu cau chuyén

d6i s6 va phat trién bén viing trong thoi dai cong nghiép 4.0.
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CHUONG 3: THIET KE HE THONG QUAN LY VA GIAM SAT NANG
LUQNG

3.1 Xay dung md hinh mé phéng hé théng giai phap:

Thiét bi canh bao

| Man hinh diéu khién,
giam sdt

PC Sever =
=1
=3
z
Thiét bi xit 1y trung tAm 4
. g
: =

NIA SNIAonN

=
<
=
=
c
=z
(o]
=
=
o

Hinh 3-1: So' do mé hinh gidi phdp gidm sdt nang lwong

MO hinh mé phong giai phap dugc thé hién trén hinh 3-1, thuc hién cac nhiém vu
Sau:

— M0 phong do ning lugng tram dién: Po ning luong cip vao bién tin bang
ddng ho va gia str 6 1 nguodn tong ctia tam dién cung cap dién cho phan
xuong.

— M0 phong giam sat nang luong tai tiéu thy: Dung dong co va bién tin mo

phong tai trong phan xudng.
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Tét ca cac dit liéu thu thap duogc s€ dua vé Gateway dé c6 thé dua vao PLC dé luu
trit, tin toan, xuit canh bao va dua tin hiéu diéu khién nguoc lai vé cho céac thiét bi nhu
bién tan hodc dong co. Sau khi dit 1i€u c6 & PLC sé& duoc két ndi véi database MySQL
dé luu trit 1au dai quan 1y dir lidu.

Quy trinh diéu khién tong quan ciia h¢ thong

Xay dung quy trinh diéu khién téng quan nhu hinh 3-2 dya theo cac yéu cu cong
nghé va cic giai phap da dé xuat. Dé thuc hién diy du cac chirc ning diéu khién giam
sat nang lwong nha mdy, so dd da phan nho thanh cac khdi tong quat.

Thu thap dif liéu tlr Dong ho va
cac thiét bi triréng
h 4
Pra vé PLC Ivu & cac
thanh ghi
h 4
Luru dif iéu v& MySQL |« Tinh céng suat tiéu thy
' b CAC ngay trong thang
h 4
Bra di¥ liéu vao hoc may o
dura ra canh bao "
h 4
Bura dif liéu 1én
WebServer
h 4
Hién thi Ién giao dién | Xt¥ Iy tin hiéu diéu khién
WEB d tir WEB
¥
PLC
h 4
Thiét bi chdp hanh

Hinh 3-2: Quy trinh diéu khién cia gidi phdp gidm sdt va quan 1y
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3.2 Lwa chon thiét bi, phan cieng phan mém

3.2.1 Tongquan PLC LS

LS Electric (trude day l1a LS Industrial Systems - mdt cong ty con tach ra tt LG

Group, Han Quéc) 14 nha san xuit 16n trong nganh tw dong hoa cong nghiép, bao gdm

PLC, bién tan, HMI, servo, robot cong nghiép, ...

PLC LS (hinh 3-3) duoc sit dung rong rii trong diéu khién may moc, day chuyén

san xudt, toa nha thong minh, hé théng xur Iy nudce, va nhiéu tng dung tw dong hoa khac.

PLC dwgec st dung ¢ day thugc dong XGT Series:

Dong PLC cao cip.

Téc @6 xir Iy nhanh, hd trg mang Ethernet, Modbus TCP, Profibus, v.v.
Hé thdng 16n, nhiéu chirc ning ty dong hoa phc tap.

Lap trinh bang XG5000.

Hinh 3-3: PLC LS thuec té

Thiét bi sir dung bao gom:

Power: XGP.xxxxx
CPU: XGI CPUS
Module Ethernet: XGL-EMFT(B)

Phan mém lap trinh: XG5000
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3 FR—
XGI-CPUS | ErmTim

-
dl

Hinh 3-4: M6 hinh PLC LS

Dé lap trinh cho PLC LS ta str dung phin mém XG5000, giao dién phan mém nhu
hinh 3-5

B bt o Sy .

Pt 1 P taenss s e een Beny T e the

SBSHES C FATE TR VOAINN S SANEE IEZE N
e s AT N SUAR LA REd LS

EH FESI AL vBSWNS AS R - DX aRuN -~

Hinh 3-5: Giao dién phan mém XG5000

Dinh dang cac module cin str dung cho Project:
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Hinh 3-6:Cdu hinh modun cho PLC

CAu hinh Modbus TCP/IP cho PLC:

Standard Settngs - FEnat x

Hane _ Time Syncheonization  Sets B Target  Advanced

TCP /P Settngs
Sttton No i |
Masa Fad?  AUTOD f
Pert2:  ALTD

P Addrees 192 68 220 i)
Sutret Mask =5 255 258 0
Gatewey 192 68 2 n
N5 Server: [ 0 0 1

oL = g [ Rl 0FC LA
No ol Dedcaed 4 =18
Conrmctions
Feceve Trw Ol Settrge
Ot €0 wixls O
Server- 15 el o Hma
Drtver Settng
Server Yodw Madous Server b

oot Seg

RAPIEn= Setrge Disable -

| Carce
Hinh 3-7: Céu hinh dia chi cho PLC
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3.2.2 Biéntan Yakaswa A1000

Bién tan Yakaswa A100 co cac chirc ning:

— Pham vi cong suat: Ttr 0.75 kW dén 630 kW, hd tro dién ap dau vao 200V,
400V va 600V, phit hop voi nhiéu loai dong co va tmg dung khac nhau.

— Loai dong co hd trg: Piéu khién hiéu qua ca dong co khong dong bo (IM)
va dong co nam cham vinh ctru (PM), bao gém ca ché do khong can

encoder (sensorless).

— Dicu khién vector hi¢u suat cao: HO trg diéu khién vector vong hd va vong

kin, cung cdp md-men xodn 200% ngay tai 0 rpm, gitp kiém soét toc do

va vi tri chinh xac.

— Ty dong diéu chinh (Auto-Tuning): Tinh ning ty dong diéu chinh thong

s0 dong co va tai trong qué trinh van hanh, ddm bao hi¢u suat t61i uu va
tiet ki€ém nang luong.

S

Hinh 3-8: Bién tan YAKASWA A1000

Cau hinh bién tan:

bi-01
(180H)

All Modes

0: Digital operator

Frequency Reference Selection 1 1: Analog input terminals

2: MEMOBUS/Modbus communications
3: Option PCB

4: Pulse input (terminal RP)

b1-02
(181H)

All Modes

0: Digital operator

1: Digital input terminals

2: MEMOBUS/Modbus communications
3: Option PCB

Run Command Selection 1

Hinh 3-9: Cdc lira chon phirong thire diéu khién va truyén théng cho bién tan
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Cai dit phuong thic nhan tin hiéu diéu khién ON/OFF va tan sé diéu khién:
MODBUS communication.

- Cai dat thong s6 dinh muc cia dong co theo bang Parameter sau:

E2-01 .
(30EH) Motor Rated Current
Sets the motor nameplate full load current in Amps. Automatically set during Auto-Tuning
VWP
E2.02 ;
(30FH) Motor Rated Shp
Sets the motor rated stip. Automatically set during Auto-Tuning
E2-03 3
(310H) Motor No-Load Current
Sets the no-load current for the motor. Automatically set during Auto-Tuning
VrwiPG
E2-04 : o
G Number of Motor Poles
Sets the number of motor poles. Automatically set during Auto-Tuning
E2-05 '
a Motor Line-to-Line Resistance
(312H)
Sets the phase-to-phase motor resistance. Automatically set during Auto- Tunmg
)
('3';:3?‘ Motor Leakage Inductance
Sets the voltage drop due to motor leakage inductance as a percentage of motor rated voltage
Automatically set during Auto-Tuning
E2-07 Motor lron-Core Saturation
{314H) Coefficient |
Sets the motor iron saturation coefficient at 50%6 of magnetic Mux. Automatically set during
Avts Tumena
E2-10 Motor Tron Loss for Torque
(317TH) Compensation
Sets the motor ron loss
E2-11 ’
(318H) Motor Rated Power
Sets the motor rated power in Kilowatts (1 HP = 0.746 kW). Automatically set dunng
Auto-Tuning.

Hinh 3-10: Lita chon cdc thong so cai dat dong co

- Céau hinh truyén théng Modbus RTU:

Cau hinh dia chi cua bién tan

Na. Hame Setting Range Default

HE-I Drive Slave Address o FFH =i IFH

Hinh 3-11: Cdu hinh dia chi Modbus cho bién tan

CAu hinh tc d6 truyén
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H5-02 Communication Spead H5-02 Communication Spoed
0 1200 by 5 18400 bps
1 2400 bpe o ““""I“
3 2500 b > TEIN0 by
3 044N bps 5 115200 bps
4 19200 bew
Hinh 3-12: Cau hinh toc dé truyén Baudrate cho bién tan
No. Namo Setting Range Default
HE-03 Communication Panty Sclectyon O )

Setting 0: No parity
Setting 1: Even parity
Setting 2: Odd parity

B H5-04: Stopping Method after Communication Error

Selects the stopping method afier a communications error (CE) has occurred

No.

Name Setting Range Dofault

HE-04

Stoppmg Method ufter Commumcation Error 0wl 3

Setting 0: Ramp to stop (uses the deceleration time currently enabled)
Setting 1: Fast Stop (uses the deceleration time in C1-09)

Setting 2: Coast to stop

Setting 3: Alarm only (continue operation)

Hinh 3-13: Cdc théng sé khac

3.2.3 Gateway ETOS

Cac chirc nang cia Gateway ETOS:

Chuyén d6i tin hiéu da giao thirc: Hd trg cac giao thirc truyén thong cong
nghiép nhu RS-232, RS-422/RS-485, va Ethernet, cho phép két ndi linh
hoat véi nhiéu loai thiét bi khac nhau.

HO tro giao tiép c6 day va khong diy: Ngoai cac cong Ethernet, thiét bi
con hd trg cac phuong thirc giao tiép khong day nhu CDMA, IEEE
802.15.4, va RF, mé rong kha niang két ndi trong cac méi trudng da dang.
Hoat dong doc lap cua timg cong: Mdi cong giao tiép trén ETOS-150XP
c6 thé hoat dong doc 1ap, gitip toi wu héa hiéu suat va dam bao tinh linh
hoat trong cau hinh hé théng.

HJ tro du phong cong Ethernet: Thiét bi cho phép sir dung ciing mét dia
chi IP cho cac cong Ethernet kép, hd tro du phong va ting do tin cdy cho
hé théng mang.

Thu thip va quan 1y dit liéu qua OPC: HJ tro giao tiép OPC (OLE for
Process Control), gitp thu thap va quan 1y thong tin dé dang, tich hop hiéu
qua vao cac hé thong SCADA hoic DCS.

ETOS-150XP c6 nhiéu model khac nhau dé phi hop véi cac yéu ciu cu thé:

Sinh vién thyc hién: Tran Lé Cong An
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— ETOS-150XP-E22: 2 cong Ethernet (dién) + 2 cong RS-232 + 2 cong RS-
422/RS-485

— ETOS-150XP-E04: 2 cong Ethernet (dién) + 4 cong RS-422/RS-485

— ETOS-150XP-F40: 2 cong Ethernet (quang) + 4 cong RS-232

— ETOS-150XP-F22: 2 cong Ethernet (quang) + 2 cong RS-232 + 2 cong
RS-422/RS-485

— ETOS-150XP-F04: 2 cong Ethernet (quang) + 4 cong RS-422/RS-485

2 ETOS-IS0XP

PWR RUN

wousny

R oy '

STAT STOP

m: » Console nT

Hinh 3-14: Thiét bi Gateway ETOS

Phin mém cai chwong trinh cho ETOS 150xp: ETOS RD software.

P ETOSRO V230 - etosent « [Process - mverter]
.‘5&(-3 £dt View Owline System Montor  Debug Window Help
DE@xrmaa S I =odh 4 k3 B R A a8

Ixl

Basic Parmeter [CPU) NO  wem Description
Ethernet Comenunecation 00 F_TIMESR 100
Driver o READ DATA INVERTER
Channe Lanso tham cheu
HS Link o3 F_MODBUS_READ MedaSenal. CarchD, Porti), DestSt Dev ADILFCOIL DestAdde 35, Sae !, Data SShAW 3000
6P Dwica 4 ENDF
. I:'r(p‘»hﬂ!"’.'n Lahoe dins 1n
0 t.:vt:v:;u F_MODEUS_READ MedisSeral, Lo, Porml DestStl DevAOINTCRI) DestAdde 36, Sae1, Data SMW00!
Base END IF
Card 022 90 dien ap dau 12 thaem ey
e IF_MOOBUS_READ MedaSenal, Cortl, Porti] DestStd, Devc ADIAFCO3) DestAdadr37. Soe !, Data SMW0G2
END_IF
n dong den output
W F_MODBUS_READ MedhaSensl, Carctll, Portil DextStd, Dev-ADIAFCO3) DestAder 38 Soe!, Date SMW300G]
£3 END_IF
“ o
18 IF_MOOBLS FEAD MechaSenal. Cordll Port:d DestSt2, Do ADIATFCO3) DestAdd-3% Sox !, Date SAMWEI004
6 END_IF
tocdo
8 IF_MCOBUS FEAD MeckaSenal, Cordd, Port:d DestStd, DevADINFCO3)] DestAdde 6l Soe !, Data RMWI00S
END_IF
Van
[F_MQOOBUS READ MediaSenal, CartD Port:] DestSt), Dev ADIAFCO3) DestAcd: 120 Size 1, Data: SIWIN0E
END.IF
Vbn
IF_MCOBUS_FEAD MediaSenal, Cart0, Porti], DestStT, Dev: ADIVFCO3) DestAdae 101, Size 1, Data SIAWI00CT
END_IF
6 Ven
I MO CEAN  MadiaSadal ©ardfl Bam] flactort Nes AUAECNN NartAdde 107 Sooe . Nabs s baatanme

Hinh 3-15: Giao dién phan mém ETOS RD

Pé ciu hinh Modbus RTU cho ETOS va nhan dir liéu tir cac thiét bi nhu Inveter,
Pong hd Accura 3300E ta vao phan mém ETOS RD va cau hinh nhu sau:
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Type

COM Port

COM2 : RS485
COM3 : RS485
COM4 : RS422

Edit Delete

RE232C 2CH 50V/ R5422 2CH 2KV |solation

Description

Comm. Type : RS485
Baud Rate : 9600
Data Bit: 8

Stop Bit: 1

Parity Bit : NOME
Flow Control : None

MODBUS Master, Station[0]

UTOS-0OPT ZIGBEE-OPT

oK Cancel

x

COM Port (Serial)
Type
Baud Rate

Data Bit
Stop Bit
Parity

Flow Control

Protocal

Advanced ...

— Céau hinh téc d6 Baud, dudng truyén RS485, Cong két ndi.

RS5485 ~

9600 ~

] v

9 -

NONE w

Mone

MODBUS Master ~  Detail ...

Cancel

Hinh 3-16: Cdu hinh téc dé Baudrate

— Cai chuong trinh doc dit liéu tir c4c thiét bi.

NO  ltem

00 IF_TIMER

01

02

03 IF_MODEBUS_READ
04 EMND_IF

05

06 IF_MODEUS_READ
07 EMD_IF

08

09 IF_MODEUS_READ
10 EMD_IF

1
12 IF_MODBUS_READ

13 EMD_IF

14

15 IF_MODEBEUS_READ
16 EMD_IF

17

18 IF_MODEUS_READ
19 EMD_IF

Description
100
READ DATA INVERTER

tanso tham chieu

Media:Serial, Card:0, Port:3, DestSt:2, Dev:AC{4/FC03), DestAddr35, Size:1, Data: SaMW30000

tanso dau ra

Media:Serial, Card:0, Port:3, Dest5t:2, Dev:AQ{4/FC03), DestAddr 36, Size:1, Data: 2aMW30001

dien ap dau ra tham chieu

Media:Serial, Card:0, Port:3, DestSt:2, DeviAQ{4/FC03), DestAddn37, Size:1, Data: SMW30002

deng dien cutput

Media:Serial, Card:0, Port:3, DestSt:2, Dewv:AQ(4/FC03), DestAddr38, Size:1, Data: %MW 30003

congsuat

Media:Serial, Card:0, Port:3, DestSt:2, Dev: AC{4/FC03), DestAddr39, Size:1, Data: STaMW30004

tocdo

Media:Serial, Card:0, Port:3, DestSt:2, Dev:AQ{4/FC03), DestAddr6g, Size:1, Data: SaMW30003

Hinh 3-17: Chwong trinh doc dir liéu

— CAu hinh Modbus TCP/IP cho ETOS:

Sinh vién thyc hién: Tran Lé Cong An
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n/

Ethernet Driver Port Setting *
Ethernet Mo. Ethernet 1 >
Protocal MODBUS TCP ~ Detail ...
Communication Type TCP ~
Client/Server Server
Port Mo. (Local) 502
0
Set Port Mo,
Close Wait Time 10 (sec)
Close Wait Time Before Data Com. 10 (sec)
Standby ?7?
i Response Delay Time 0 {10msec)

Channel Redunda £

Dizable Standby Response

Multicast IP

oK ] Cancel

Hinh 3-18: Cdu hinh Modbus TCP/Ip cho ETOS

3.2.4 Péong ho dién néng, thiét bi do lwong: ROTECH Accura 3300e

Accura 3300E 12 mot thiét bi do luong dién nang k¥ thuat s6 cao cip do Rootech
(Han Qudc) san xuat. Thiét bi nay duoc thiét ké dé do ludong va giam sat dién nang voi
dd chinh xé4c cao, phu hop cho cac tng dung trong cong nghi¢p, thuong mai va dan
dung:

— D6 chinh xac cao: Pat chuan IEC 62053-22 Class 0.5S, v6i do chinh xéac
+0,2% cho dién ap va dong dién.

— Po ludng toan dién: HO tro do dién ap va dong dién trong cac hé thong
dién mot pha va ba pha, bao gdm dong pha, dong trung tinh, dién).p dong-
dén-dong va dién ap dong-dén-trung tinh.

— Phan tich chét luong dién ning: Cung cap thong tin vé cac thong s6 nhu
tong méo hai (THD), hé s6 dinh (Crest Factor), hé s6 K (K-Factor), va do
mat cin bang, gitp giam sat va cai thién chat lwong dién ning .

— Giao tiép linh hoat: HJ trg giao thirc Modbus RTU qua cong RS-485, d&
dang tich hop vao cac hé théng quan 1y ning luong va ty dong hoa .

— Chung nhéan an toan: Puogc chimg nhan CE, UL, va KC, ddm bao dd an
toan va tin cdy trong van hanh.

So d6 két ndi day va dong hd:
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NCBA

INIT

Fuse PTs Fuse

i
e 2 )
i 2 & 0

olo/o|o

&)
&0
CTs SHORTING BLOCK Vi S0

1§ 28 3§

Qi1

0 e OO

avoil

Hinh 3-19: So d6 dau noi dong hé ACCURA

Két ndi truyén thong RS485

Hinh 3-20: M6 hinh ddu noi truyén thong dong ho ACCURA
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Connector Noame L+, N-

Connector Type Screw Terminal[Pluggable]

Wiring Compliance | 2.1 to 3.5 mm?[14 to 12 AWG]

Rating AC 85 - 265V 50/60Hz, DC 100 - 300V

Withstand Voltage AC 2,000V RMS, 60Hz 1minute

Compliance EN61010-1, Pollution degree 2, Category II

Power Consumption | Normal Operation

Moximum 3W

At Turn-

On

Maximum input current : peak 20A, within

duration 1 msec '

Hinh 3-21: Bdng hudng déan ddu néi cdc chin ciia dong ho ACCURA

Cac budc setup:

Button Function
[DISPLAY mode]
|®| I~ e Select the disploy screen by up down
Il 60 | [SeEmue | [ Event ) L’"‘“] left right bution.
I ]
I [SETUP mode}
I .:“\' Long Fress’ | Move to SETUP mode.
4
I I 50 I g % @ Press Select the setup menu.
4
Maoke tha d
l 2>] Lot P e the configuredidisployed|
| . volue to modifying-stote]blink]
L]
I !/':' | N\;n Presz Select the wanted configured value,
I Or
I @I CD' e Move fo the next configured
£9me ENTER
posihon,
I L]
I i Sove the configured value [blink
Long Press
ENTER pe)
| o
I I%j G i Do not sove the configured
value(blink stops]|
| '
L <) Exit SETUP mode and move fo
[ Long Press
\ J DISPLAY mode.

Hinh 3-22: Trinh tw cdc bude setup dong ho
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Céc bude cu hinh truyén thong Modbus RTU cho dong hd Accura 3300e:
Chung ta céu hinh 1an luot cac théng sb can thiét nhu hinh bén dudi:

e Cau hinh téc d6 Baud cho dong ho, luu y téc do giita ddng ho va thiét bi thu nhan
dir liéu( ETOS 150 xp ) phai cau hinh chung 1 toc d6 Baud.

Communication Speed[bAud >Baud rate |

1200 1200 bps
2400 2400 bps
4800 4800 bps
9600[default] 9600 bps
19200 19200 bps
38400 38400 bps
57600 57600 bps
11520 115200 bps

Hinh 3-23:

Cadc option cai dat Baudrate

e Cau hinh Parity bit: Nén dé ¢ ché do none

Parity Bit[Prty > Pority Bit ]

EvEn[default] Even Parity
nonk None Pority
odd Odd Parity

Hinh 3-

e Céu hinh Stop bit:
Stop Bit[StoP - Stop Bit ]

24: Céc option parity bit

Seffing Range

1 stop bit

':J 1. A.I

2 2 stop bit

Hinh 3-25: C&c option Stop bit

Sinh vién thyc hién: Tran Lé Cong An
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e CAu hinh dia chi slave cho déng hd, dia chi nay dung dé thiét lap trong ETOS
dé truyén nhan dit liéu
Address[Addr - Address: RS-485 Communication Address)
Sefting Range
[d)d]fd]’ 1- 247
[detfault O]

Hinh 3-26. Cai dat dia chi RS485
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3.3 Xay dwng thuat toan quan ly va giam sat nang lwong:

3.3.1 Thugt todn canh béao Alarm:

< Bit dau 3

\_“1—/
<> ]lb @'dma}/
e S s

@'pmg/

o S

‘\ o
Ud< Udmin > Up<Upmin > < PF<PFmin
i e R RIS e e e e T T """""""""""""" Phong glam sat’;
Dén bao qui Din bio didn Pin bao didn Pén bao didn Pén bao didm Dén bao hi s .
dong Ap ddy cao ap ddy thip ap pha cao 4p pha thip chng sudt thip

Web sever

Canh bao h§

Cianh bio qua Canh bao dign| |Cank bae dign Canh bao dign| |Cank bao dign 4 P
' S0 comg swit

dong ip day cao ip day thip ip pha cao #p pha thilp

Hinh 3-27: Luu dé thudt toan canh bdo Alarm

Hé thdng gidm sat dién ning dugce xay dung nham tu dong phat hién va canh bao
khi cac théng sé van hanh vuot ra ngoai gidi han cho phép. Ngay khi bat dau hoat dong,
hé théng s€ lién tuc theo doi cac gia tri nhu dong dién, dién ap day, dién ap pha va h¢ sb

cong suat. Cuy thé:

— Khi dong dién (I) vugt qua gidi han cho phép (I > Imax), hé thong sé& kich
hoat dén bao qua dong, dong thoi giri canh bao vé phong giam sat va luu
trlr trén Web server.

— Khi dién ap day (Ud) vuot qua gia tri cuc dai (Ud > Udmax), hé thong dua
ra canh béo dién ap day cao thong qua dén béo va truyén dir liéu vé trung
tam giam sat.

— Khi dién ap day (Ud) thap hon gia tri cyc tiéu (Ud < Udmin), hé thong
phat canh bao dién 4p day thip, gitp nhan biét tinh trang nguy hiém c6
thé gy mat on dinh dién ap.

— Khi dién 4p pha (Up) vuot qua ngudng trén (Up > Upmax), s€ c6 canh bao
dién ap pha cao duogc kich hoat dé ngudi van hanh xir 1y kip thoi.

— Khi dién ap pha (Up) thap hon ngudng dudi (Up < Upmin), hé thong phat
ra canh bao dién ap pha thép, tranh céc rui ro lién quan dén thiéu ap hoic

sut ap cuc bo.
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— Khi hé sb cong suit (PF) nho hon gia tri ti thiéu cho phép (PF < PFmin),
hé théng phat ra canh bao hé sb cong suat thap, diéu nay rit quan trong dé
canh bao hiéu suét tiéu thyu dién dang kém, din dén tdng chi phi dién nang.

Tat ca céac tinh trang canh bao néi trén déu duoc hién thi tryc tiép qua dén canh
béo tai hién trudng, dong thoi duoc giri vé phong giam sat va Web server dé phuc vu
viéc theo ddi tir xa, luu trit dit lidu va phén tich su ¢ khi can thiét. Viéc giam sat chat
ché theo thoi gian thuc nhu vay gitp phat hién nhanh cac bat thuong trong hé théng

dién, tir 6 nang cao tinh an toan va giam thiéu thiét hai cho nha mdy.

3.3.2 Thudt toan diéu khién thiét bi va téi wu ning lwong

v

Websever
il !
Cai dat gia tri gici ON/OFF Bién tan
han PF Nhip tan so
[ & J
Thu thip dir liéu Luru dir li¢u vao cac thanh Bién tin
tir dong ho ghi trong PLC
ON CB tu bis OFF CB ta b Motor

Hinh 3-28: Luu do thudt todn diéu khién t6i wu ning heong

Luu do trén mo ta quy trinh giam sat va diéu khién hé thong bu céng suat phan
khang tu dong théng qua PLC va Webserver. Qua4 trinh bét dau khi hé théng duoc khai
dong va két ndi voi Webserver. Tai ddy, ngudi dung co thé thuc hién hai chirc ning
chinh: cai dit gia tri giéi han hé sé cong suat (PFmin) va diéu khién bién tin (ON/OFF

va nhép tan s). Nhimng thong s6 ciu hinh nay s& duoc truyén xudng PLC dé xtr 1y.
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Song song d6, PLC lién tuc thu thap dit liéu dién ning tir cac dong hd do, trong d6
c6 hé sb cong suat thyuc té (PF). Cac dit liéu nay dugc luu vao cac thanh ghi bén trong

PLC dé phuc vu cho viéc so sanh va di€u khién.

Khi hé sb cong suat duoc so sanh voi ngudng cai dit (PFmin), néu gia tri PF thuc
té thdp hon giéi han, PLC s& phat 1énh dong CB (circuit breaker) cua tu bu, tirc 1a kich
hoat tu bu dé cai thién hé sb cong Suét. Nguoc lai, néu PF dat hodc vuot nguong, hé

théng s& ngit CB ti bu nham tranh hién twong bu du thira.

Ngoai ra, bién tin ciing nhan 1énh diéu khién tir PLC dé diéu chinh tan sé va diéu
khién hoat dong ctia motor theo ché do thiét 1ap tir Webserver. Quy trinh nay dam bao
hé théng van hanh hi¢u qua, on dinh dién ap, nang cao hi¢u Suét sir dung dién va giam

chi phi tién dién do hé sd cong suét thap.
3.3.3 Thugt todn xu ly di¥ liéu dién nang tiéu thu
(itei )

X
/Cal ngay, thang, nam

AmonthSeart

l ' I

thad glas thee
Websever
v
— - PLC - Bong hi
X x
— T : Ch thich:
- Abstarte AdaySearrs
< Treai=0ph0s " AmonthStart= AyearStart= Apv Treal: Thén man thue PLC
= g AhSuart, . Dién ning téu thy bit ddu ;b, ngay. ...
AhTotal, : Tong dién nang ucu thy trong g10,ngay,
¥ - . Apv: Dién ndng tiéu thy thye e tai dong ho
Abtoeal=Apy- |~ : ]
AbSEart I »<__ Treal=0h -
|
[ -
w Adaytetal= Apr- 5 4
MySQL ' l ;;:&_;" =< Treal=Ngiy 1
l 1
Hidn th| WebSever | | Amonthtocal= Apy- ’ o -Tr!aI=Thang >

z | Areartotal= Apy
Xuit file bio cio T AvearStart
. ) . +
Updase Update Update Update
AhStares Apy AdayStarts Apy AmonthStare= Apt AvearStares Apy

Hinh 3-29: Luu do thudt todn xit 1y diF liéu dién nang tiéu thu

Dir liéu dién ning tiéu thu s& dugc gdi tir Pong hd vé ETOS 150XP bang giao thirc
Modbus RTU, sau d6 giit liéu s& dugc goi vé PLC thong qua giao thitc Modbus TCP/IP.
Khi Start hé théng s€ cap nhat dién nang tiéu thy bt dau tur d@)ng ho tra vé.
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Bit dau mdi gid (Treal=0) thi dién ning tiéu thu trong gid trude d6 s& duoc tinh:
AhTotal= Apv-AhStart
Sau do s€ cap nhat lai di¢n nang tiéu thu tai thoi diém bat dau gi0 mai:
AhStart= Apv
Trong do:

— AhTotal: Di¢n nang tiéu thu trong gio trudc
— Apv: Dién ning tiéu thy tra vé tir dong ho
— AhStart: Dién ning tiéu thy tai thoi diém bat dau gio

Tuong tu v6i tong dién ning st dung trong ngdy, thang, nam.

Dt li¢u tinh toan dugc s€ dugc luu trit vao MySQL va hién thi 1én WebSever.
3.4 Xay dwng Webserver
3.4.1 Téng quan

Két néi Webserver véi PLC:

Trong bdi canh cong nghiép hién dai, viéc giam sat va diéu khién cac thiét bi tu
dong 1a rat quan trong. PLC (Programmable Logic Controller) 1a mot thiét bi duoc st

dung pho bién trong ty dong héa cong nghiép. Viéc két néi PLC véi mot web server cho

phép ngudi ding giam sat va diéu khién thiét bi tir xa thong qua giao dién web.
Cach thirc hoat dong ciia Webserver véi PLC:

— Giao thitc HTTP: 12 cau ndi giita ngudi dung va web server, cho phép ngudi
dung giri 1énh diéu khién PLC thong qua giao dién web.

— Giao thic TCP/IP: két ndi thuc té dén PLC duoc thuc hién thong qua giao
thire TCP/IP. Giup doc va ghi dir liéu gitta web va PLC.

—  Sau khi doc dit liéu tir PLC s& ghi xudng MySQL dé luu trit.

Ludng hoat dong tong quan:

1. Frontend (Trinh duyét nguoi dung)
— Sirdung HTTP/HTTPS dé gui yéu cau dén ASP CORE.
2. Backend (ASP.CORE)
— Nhan yéu cau HTTP tir trinh duyét.
— Giao tiép v6i PLC qua TCP/IP.
— PLC: Tra vé dit lidu qua giao thirc TCP/IP, sau 6 ASP CORE tra dir li¢u
vé frontend thong qua HTTP/HTTPS
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— Dong thoi ASP CORE luu dit liéu doc duoc tir PLC xuéng MySQL.

Cic g dung ding dé thye hi¢n:

— Microsoft Visual Studio

Thu Vién ASP CORE

Cung cap cac thanh phan dé xay dung ting
dung web MVC, hd trg dinh tuyén URL
trong Gmg dung web va cung cap céc
thanh phan lam viéc voi HTTP.

Thu vién Modbus TCP/IP

Thu vién cho phép ban két ndi va giao tiép
véi PLC.

Thu vién MySgl.Data

Thu vién dé két ndi va lam viée véi
MySQL.

St dung AJAX va JSON trong ASP
CORE

C6 thé giri yéu cau tir client dén server,
nhan dir liéu mot cach nhanh chong va
hiéu qua trén thoi gian thyc rt quan trong
trong thiét ké giao dién SCADA.

— MySQL Workbench: Truy cap va thiét ké co s¢ dit liéu cho hé thong.

Luu trir dir liéu tr PLC.

— Symbol Factory: Cung cép hinh anh bom, dén, ... dé hién thi 1én giao

dién web.

Céc bude thiét ké, viéc 1ap trinh Webserver bao gdm céc cong viéc:
— Dung ASP CORE dé xiy dung cac trang giao dién van hanh SCADA trén

nén tang Website

— Poc/Ghi dir liéu thyuc té tir cac PLC 1én WEBSITE thong qua giao thirc

TCP/IP.

— Ghi dir li€u dinh ky luu trit & SQL Server
— Truy van di liéu quéa khtr tir SQL 1én WEB site

— Xuit bao céo dit liéu van hanh theo dinh ky ngay, thang, ndm ra cic loai

file Excel.

— Két ndi mang local: Nhiing thiét bi thong minh nhu may tinh, dién thoai...

cung st dung chung 1 mang LAN véi may chu cé thé két ndi véi web

SCADA.
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3.4.2 Két néi truyén thong gisa PLC va WEB bang giao thizc Modbus

St dung thu vién Modbus sau d6 nhap dia chi IP cua PLC truyén thong qua Port
502 cong mic dinh cho Modbus TCP cta may tinh. O ddy nhém chiing em dé dja chi IP
co dang 192.168.220.80.

ervice(str

is.ip = ip;
s.port = port;

1 TestConnection()

tepClient?.Close();
tcpClient?, Dlspose()
modbusMaster = null;
tepClient =

r factory = nes tory();
modbusMaster = factory. CreateHaster(tcpCllent)

modbusMaster.ReadHoldingRegisters(1, 0, 1);

le.WriteLine("Success");
i : .
}
catch (Exc
{
Console.WriteLine($"L6i két néi Modbus: {ex.Message}");
return false;
}
finally
{
tepClient?.Close();
}

builder.Services.AddSingleton<

Hinh 3-30: Chwong trinh code két néi Modbus TCP/IP

3.4.3 Doc dir ligu cac thanh ghi Modbus trong PLC

Cac dir li¢u da duogc code ¢ thanh ghi Modbus PLC ching ta chi can doc thanh
ghi Modbus tir PLC dé hién thi cac s6 liéu 1én WEB.

Str dung cac 1énh doc thanh ghi tir thu vién NModbus 1a ReadHoldingRegister.
Dé doc cac dia chi cua thanh ghi ldy tir PLC vi dit liéu PLC luu ¢ 2 thanh ghi nén doc 2
thanh ghi lién tiép dé mo phong sb thuc float.
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Float? ReadHoldingRegisterFloat(us t address, swapWords = truc swapBytes =

(TcpClient tepClient = new Tcy ent(ip, port))
ar factory = n« v();
r modbusMaster = factory.CreateMaster(tcpClient);
rt[] registers = modbusMaster.ReadHoldingRegisters(1l, address, 2);

return ConvertToFloat(registers[0], registers[1], swapWords, swapBytes);

}
catch (Exc jon ex)

ole.WriteLine($" X L&i doc Hol egister {address + 48001}: {ex.Message}");

'
return L1

Hinh 3-31: Lénh doc thanh ghi float ciia PLC

Sau khi c6 Iénh doc PLC chung ta gan cac thanh ghi da doc dugc vao tén mai dé

dé& code va tao truc quan, dé& kiém soat trong chuong trinh.

> GetData()
result = Di

? holdingValuel
? holdingValue2
? holdingValue3
? holdingValuel
? holdingValue5

ReadHoldingRegisterFloat(8);
ReadHoldingRegisterFloat(2);
ReadHoldingRegisterFloat(4);
ReadHoldingRegisterFloat(6);
ReadHoldingRegisterFloat(8);
? holdingValueté = ReadHoldingRegisterFleat(1e);
? holdingValueT = ReadHoldingRegisterFleat(12);
? holdingValue8 = ReadHoldingRegisterFleat(14);
? holdingValue9 = ReadHoldingRegisterFloat(16);

? holdingValuel® = ReadHoldingRegisterFleat(18);
? holdingValuell = ReadHoldingRegisterFleat(28);
? holdingValuel2 = ReadHoldingRegisterFleat(22);
? holdingValuel3 = ReadHoldingRegisterFleat(2u4);
? holdingValueld = ReadHoldingRegisterFleat(26);
? holdingValuel5 = ReadHoldingRegisterFloat(23);
? holdingValuelé = ReadHoldingRegisterFleat(36);
? holdingValuelT = ReadHoldingRegisterFleat(32);
? holdingValuel® = ReadHoldingRegisterFloat(34);

? holdingValuel?9 = ReadHoldingRegisterFleat(36);
? holdingValue28 = ReadHoldingRegisterFleat(38);

? holdingValue2l = ReadHoldingRegisterFleat(ue);
? holdingValue2? = ReadHoldingRegisterFleat(u2);
? holdingValue23 = ReadHoldingRegisterFloat(ad);
? holdingValue2d4 = ReadHoldingRegisterFleat(u6);

? holdingValue25
? holdingValue26
? holdingValue2T7
? holdingValue28

ReadHoldingRegisterFloat(ug);
ReadHoldingRegisterFloat(56);
ReadHoldingRegisterFloat(52);
ReadHoldingRegisterFloat(54]);

Hinh 3-32: Chwong trinh code ldy dit liéu tir dia chi thanh ghi Modbus
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3.4.4 Luwu dir ligu da doc dwoc xuéng MySQL
Tao két ndi gitta WEB va MySQL

_cannactionString

cannactionString

(_conmection$tring),

{_comnectionString))

(ex. Message}”:

Hinh 3-33: Chuong trinh code tao két néi gita Web va MySQL

Luu cac gia tri doc duoc tir PLC xudng MySQL theo cac bang phéan loai phu hop

dé dé kiém soat va khai thac dit lidu sir dung sau nay.

Hinh 3-34: Chuwong trinh code luu diF liéu xuéng MySQOL

Dit liéu duoc luu trit @ MySQL duoc thé hién nhu hinh 3-35.
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& B3

1
2
3
4
5

<

SQAL File 37

¥y ¥ 8

e

Limit to 1000 rows -

e | 2 Q1 (3

SELECT * FROM sensor LIMIT 106288;

| Result Grid | _rj 4% Filter Rows: I:“ Edit: |Eﬁ| By B |Expe:\rt.-’]mpnrt: == @ |‘.\frap

1d

103
104
105
106
107
108
105
110
111
112
113
114
115
116
117
118
115
120
121
122
123

ima

sensor 13

Output

Time

2025-04-10 20:22:27
2025-04-10 20:22:27
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:32
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:37
2025-04-10 20:22:42
2025-04-10 20:22:42
2025-04-10 20:22:42

AMTIE AA A0 T T AT

b

SensorMame
P1+P2
P Téng
U_Linel
I Linel
P_Linel
U_Line2
I_Line2
P_Line2
P1+P2
P Téng
U_linel
I_Linel
P_Linel
U_Line2
I Line2
P_Line2
P1+F2
P Téng
U_Linel
I_Linel
P_linel

(I

Value
7.34687=-41
0
75.9
45.4
-0.3
o]

[u]

[u]
5.5101%e-41
[i]

o0.6

44.5

0.5

Hinh 3-35: Dit liéu duoc luu trit 6 MySQL

3.4.5 Giao dién hé théng giam sat

Giao dién diéu khién giam sat SCADA (Supervisory Control and Data Acquisition)

1a hé théng dung dé giam sat va diéu khién cac thiét bi va quy trinh tir xa trong cac nha

may cong nghiép, hé théng dién, hoac ha tﬁng co s¢ k¥ thuat 1on.

Giao dién SCADA gitp ngudi van hanh c6 thé theo dai thong tin vé trang thai hoat

dong, di€u khién céc thi€t bi nhu bom, van, ddng co, hodc giam sat cac thong s6 quan

trong nhu nhiét do, ap suét, va muc do dong chay. H¢ théng SCADA bao gém:

— Giao dién nguoi ding (HMI): La man hinh ma ngudi van hanh sir dung dé

theo doi va di€u khién cac thiét bi.

— Co s dit liu: Thu thap va luu trit dit liéu tir cdc cam bién va thiét bi diéu
khién.
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— Céng cu phan tich va bao cédo: Cung cp cic bao céo, biéu d6 gitip phén tich
hiéu suét va quan ly dit liéu.
— Gtri canh bao khi ¢6 su ¢ cho ngudi van hanh
Giao dién giam sat ctia hé thong SCADA thiét ké, phan chia theo chirc ning cua timg

giao dién, bao gom:

> Giao dién giam sat 6 trang chu
O giao dién trang chu thé hién cac thong sd gidm sat ctia 2 Line may nhu tan sb,
dién ap, dong dién, cong suét, ...Ngoai ra con co thé diéu khién bat/tit dong co va diéu

chinh toc do théng qua diéu chinh tan sb bién tan.

SCADA DIEU KHIEN VA GIAM SA1

AUTO ON OFF AUTO

NhSD tAn sé A
e

Hinh 3-36. Giao dién trang chu Web Server

» Giao dién giam sat Nang lwgng
O giao dién Nang luong thé hién chi tiét dién ap, dong dién, cos phi, cong suét

trén ting pha dau vao cung cap dién cho phan xudng.
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SCADA PIEU KHIEN VA GIAM SA1T

AEREYN:

LY

Hinh 3-37: Giao dién Nang lwong

» Giao dién dir li€u: ¢ giao di¢n nay dir liéu nang luong duogc hién thi dudi dang
do thi
O giao di¢n Do thi thé hién d6 thi theo thoi gian dong di¢n, dién ap, cong suit
trong ngay cua Line 1,2 dé c6 thé gidm sat dua ra cac giai phap hay ké hoach trong ngay.

SCADA DIEU KHIEN VA GIAM SAT

_——"———————————
Hinh 3-38: Giao dién D6 thi
» Giao dién Canh bao
O giao dién Canh bao thé hién lich st va canh bao xac suit 15i trong 1 khoang
thoi gian nhat dinh tiép theo. St dung Machine Learning tir cac dit liéu da co sau d6 du

doan tir cac dit liéu tirc thoi dua ra canh bao cho khoang thoi gian tiép theo.
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SCADA DIEU KHIEN VA GIAM SAT

Thiy iy G g
1 TR DO TIRLTINVO. X s 3 el (1 9P L
A AN A X wk e o wwg § phin son B4 00 ()
B 75 THA00 TONH THLIONG. X wnde e il (| 1900 1™
A CAOGIRAD Xix bake wiy 1w b M
A CANIBAD Xir suk nar 1w of ing & phes i 84 9% LR
B FE T BN TR X W vl 1 ) L9
A CANRBAD Yoo wade il 44 o o g e i 34 200 L]

Hinh 3-39: Giao dién Cdnh Bdo

» Giao dién Lich s
O giao dién Lich st luu céc gia tri lich su cac ngay trudce va hién thi xuét Excel

dé bdo cdo hodc giam sat dua ra cac du doan hodc bién phéap khac phuc.

SCADA PIEU KHIEN VA GIAM SAT

Chiwagly: 1m0 s 1) Ol idhics  Lams
s U jeet Xh
0 12 Ll e
00 uTR 7 lawl WA
\ T U Lwet “a
xn T3 I i )
A UTILES P Lol WA
NOARSIITII 0 0 U Lt A .
WOLFSIITII NS 1 ey »a
AL AT P Lawl wA
NPT NN U imrt »a
M0 84-2ITI2 2708 (S »a
BUS RS LT 2T # Ll N
NSRS AT I8 U Lmet “h
oL 43 T2 Ll )
NEELEUTILIN IS ? Lol A
MO0 20 U L W
NS RSITTII IS [ %A
1T > Lawl L)
SRS 2ITII I W U Lot A
S45-2IT12 2198 1 S A

Hinh 3-40: Giao dién Lich Si
3.5 Huin luyén Machine Learning theo mé hinh LSTM
3.5.1 Hudan luygn mé hinh tir di lidu dau vao

O day nhom chung em st dung dit liéu duge 14y tir cong ty. Trong d6 dit liéu dau

vao co tinh chat chudi, tac 1a phu thudc vao thoi gian hoac thu tu. Dt li€u co6 sb liéu tir
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lac van hanh binh thudng dén lac 16i. Tai bang dit liéu danh nhin lable cho thoi gian
dang hoat dong binh thuong 1a 1 va thoi gian 5 phut trude 16i dén khi 161 14 0.

Nhom em da sir dung moé hinh mang LSTM (Long Short-Term Memory). Mé
hinh ndy c6 kha ning ghi nhé thong tin trong qua khtr, phtt hop dé hoc cac dic trung co
tinh phu thudc thoi gian nhu dong dién, ap suat, tc do dong co...

Dit liéu gdm céac dic trung dau vao nhu ap suat, toc do, dong dién (pa, rpm,
current) va dugc chuin héa bang Min — Max - Scaler. M&i mau dit liéu dugc xay dung
dué6i dang chudi 10 budc thoi gian, va mé hinh dy doan nhén tai thoi diém ké tiép.

feature_cols = ['pa’
label_col = 'la

scaler = Mi :
scaled_features caler.fit_transform(df[feature_cols])

c(scaled_features, columns=feature_cols)
abel_col].values
'TIME'].values

»d(data, time_step=18):

v i in range(len(data) - time_step):
X.append(data[feature_cols].iloc[i:i+time_step].values)
y.append(datal'label'].iloc[i+time_step])

np.array(X), np.array(y)

time_step = 10
X, y = create_dataset_labeled(scaled_df, time_step)

model = Sequential()

model.add(LSTM(64, input_shape=(X.shape[1], X.shape[2])))
model.add(Dense(1, activation='si

model.compile(loss="binary c antropy', optimizer='adam', metrics=['accur

early stop = EarlyStopping(monitor='val_loss' 6K patience=5, restore_best_weights=T D)
history = model.fit(

X, ¥,

epochs=30,

batch_size=32,

validation_split=0.2,

callbacks=[learly_stop]

Hinh 3-41: Chuong trinh code Hudn luyén mo hinh hoc may tu dir liéu dau vao
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Hinh 3-42: Két qua hudn luyén mé hinh

Ham mat mat (Loss During Training):

— DPuong mau xanh (Train Loss): Dai dién cho muc do sai 1éch gitra dau ra

du doan va nhan that trén tap huin luyén. Ham mat mat trén tap huin luyén
giam déu tir khoang 0.6 xudng dudi 0.2, cho thay mé hinh hoc dan tt hon.
Puong mau cam (Validation Loss): Sai s6 mo hinh trén dit liéu chua ting
thdy trudc d6 (tap kiém tra — validation). Mic du luc dau dao dong kha
manh (epoch 0-5), nhung sau d6 dan 6n dinh va dao dong quanh mtc
0.45-0.55.

D9 chinh xac (Accurary During Training):

Train Accuracy (mau xanh): Ty 18 du doan dung trén dir liéu hudn luyén.
Tang nhanh tir khoang 60% 18n t&i ~90%, va giit 6n dinh.

Validation Accuracy (mau cam): Ty 1& du doan dung trén tap kiém tra
(validation). Nhay vot tir ~0 1én ~81% ngay tir epoch 2 va duy tri 6n dinh

sau do.

Két qua huan luyén:

Mb hinh LSTM di hoc tdt véi d6 chinh xac 6n dinh cao (~90% train,
~81% validation).

C6 hién tuong overfitting nhe (train loss tiép tuc giam trong khi val loss
6n dinh) — nhung chua nghiém trong.

Dir liéu da du tot dé mo hinh phén loai canh bao van hanh vai do tin cay

tuong doi cao.
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3.5.2 Kiém tra hoat dgng ciza md hinh

Tai day nhom sir dung tap dit liéu 16i va binh thuong duoc iy tir nha may dé test
vo1 moO hinh xem md hinh ¢6 thuc sy hoat dong dung khong. Poan code chuong trinh
du doan 16i duoc thé hién trén hinh 3-44. Két qua duoc thé hién & cac hinh 3-45 va hinh
3-46.

Lle(test_file_path):

.read_csv(test_file_path)
' in df.columns:

|, errors=‘'coerce’)

scaler = Min @)
scaled_data = scaler.fit_transform(df[feature_cols])

X_test = create_input_sequences(scaled_data, time_step)

predictions = model.predict(X_test)

last_5_min_probs = predictions[-5:] if len(predictions) >= 5 else predictions
avg_prob = 1 — np.mean(last_5_min_probs)

warning = avg_prob > threshold
message
fr A ca trong 5 phat tdi: {avg_prob % 188:.2f}%"

el HE THONG BINH THUONG: Xac suit 16i thap ({avg_prob * 160:.2f}%)"
)

value_percent = fl (round(avg_prob * 166, 2))

Hinh 3-43: Chwong trinh code dy dodn 16i tir Mé hinh LSTM da hudn luyén

Khi str dung dit liéu 5 phut trude 16i thi mo hinh hoat dong chinh x4c va du bao

xac xuat 101 cao.

Hinh 3-44: Két qua dir dodn tir mé hinh hudn luyén

Khi str dung dir li¢u binh thuong thi mo hinh cling hoat dong chinh xac va du bao

x4c xuat 16i thap.

Hinh 3-45: Két qua diw dodn tir mé hinh hudn luyén
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3.5.3 Ap dung mé hinh hudn luyén vao WebServer dé duw dodn canh bao sw cé

Khi c6 dugc mo hinh du dodn Machine Learning chiing em s€ tich hgp vao
Webserver. Sau khi thu thap dit liéu ap suat, toc do va dong dién ciia dong co, dit liéu
d6 s& duoc luu xuéng MySQL va mé hinh hoc may sé& ldy d6 lam dit liéu dé dy bao rdi
dua canh bao 1én Webserver. Do mé hinh chua dugc hoan thién va sé 1an léy mau han
ché nén két qua dé tai hién tai chi c6 thé du bao duoc 600 maiu twong duong 10 phut.
Véi 5 phut binh thudng va 5 phit trude 16i. VAy mod hinh s& du doan t6i da 5 phut trude

16i va c6 du thoi gian dé dimg may hodc nghi ra bién phap khic phuc.

Két luan chwong 3.

Két thiic chwong 3 ndi chi tiét vé giai phap tong thé da duoc dé xut va trién khai
nham thu thap, luu trir, gidm sat va diéu khién dit lidu tir cac thiét bi hién trudong thong
qua hé thong WebServer. Giai phap st dung PLC dé thu thap va xu 1y tin hiéu tir dong
hd do va cam bién, sau d6 luu trit vao co s& dit lidu MySQL. D@ liéu dugc dua 1én
WebServer dé hién thi giao dién ngudi dung va truyén tin hiéu diéu khién nguoc lai
PLC. Pong thoi, dit liéu thu thap ciing duoc dua vao mo hinh hoc may dé phan tich va
canh bao bat thuong. H¢ théng duoc thiét ké véi so d6 thuat toan rd rang, cai dat cAu
hinh thiét bi hop 1y va chuong trinh PLC t6i wu, thé hién tinh kha thi va hiéu qua trong
giam sat, diéu khién va canh béo tir xa.
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CHUONG 4: THUC NGHIEM VA PANH GIA MO HINH

4.1 Bdo cdo danh gia két qua va demo san pham

Sau khi dau ndi céc thiét bj dua theo mo hinh chinh ta dugc md hinh demo c6 céac

chtre ning va img dung twong dwong véi phuong an thiét ké dé xuat.

Bién tan

- Cam bién dong dién
ETOS 150XP
— DPong ho do dién

Websever

Dong co 3 pha

Hinh 4-1: M6 phong mé hinh tir cdc thiét bi

> Thu thap dir liéu tir bién tan va didu khién tdc d6 dong co tir WebServer

SCADA DIEU KHIEN VA GIAM SAT

Hinh 4-2: Hién thi cdc gid tri cua dong co va diéu chinh dwoc toc dé

> Thu thap di liéu tir ddng hd
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Thu thap cac thong sb nhu dong dién, dién ap, cosphi, cong suit...Viéc thu thap
dir liéu ning lugng tir cac thiét bi nhu bién tin va dong hd tu dong luu trit va hién thi.

Két qua thu thap dir liéu dién nang hién thi trén man hinh LCD va trén Webserver
nhu hinh 4-3 va hinh 4-4.

Hinh 4-4: Hién thi cdc théng sé trén thoi gian thuc

I4
A

» Canh bao cac 16i khi ¢6 su ¢
Cac 151 pho bién nhu sut ap, hé sd cosphi thap... s& dugc thu thap tir cac gia tri
va so sanh véi ngudng dé xuat ra canh bao hién thi trén Webserver nhu hinh 4-5.
MO NUT AF PR 11 CANN A0 TE M5 CORm TP m

SCADA DPIEU KHIEN VA GIAM SAT

-] | [~ f< —=]

Hinh 4-5: Canh bdo su c¢6
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Ngoai ra con c6 canh bao 5 phit 1 1an dé du bao su cd qué dong c6 thé xay ra khi
ap dung hoc may.

SCADA DIEU KHIEN VA GIAM SAT

[Connection database succenful®

“ Tt s

G g
224790 20920 1 TR DO TIRLTINVO. X s 3 el (1 9P L
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' B 46 PG RNH IO X

A CAGIRAD Xix bak wip &
A CAYTEAD Xir sk xa
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A CANEBAD Y sk g 14 i g &l v 84 280

Hinh 4-6: Canh bdo du dodn sw c6 tir hoc may

> Hién thi do thi trén thoi gian thuc
D6 thi dugc hién thi tir dir liéu thu thap duoc theo thoi gian thuc, db thi chi hién
thi cac gia tri trong ngay va reset khi dén ngay méi. Mudn coi dir liéu cac ngay trude
phai vao muc Lich st.
Nhu hién thi trén hinh 4-7 mé ta dwong mau hong 1a dién ap, duong mau xanh 1a
dong dién va dudng mau vang 13 cong suat. C6 thé nhin vao ting dudng dé chi hién thi
1 duong trén so 6 nham viéc quan sat 1 cach chi tiét va cu thé.
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SCADA DIEU KHIEN VA GIAM SA1

Hinh 4-7: D6 thi hién thi thuc té

> Xuit dir liéu dién nang tiéu thy theo ngay thang nim
Cac dir li¢u thu thap duoc ludn luu trix xuéng SQL va Web giup truy van dit lidu
do6 theo tén ngay thang nam. Phuc vu cho bao céo, xuét dit liéu theo doi ...

Dit liéu dién ning bao gom:
— D6 thi Line 1
— D thi nang luong dau vao
— Canh bao
— (Cong suat theo tirng ngay thang nim

SCADA DIEU KHIEN VA GIAM SAT

Hinh 4-8: Lich sur tra cac dir liéu

Céch thurc truy van duge thé hién nhu hinh 4-9 khi nhan chon ngay va tén do thi
s& hién ra dit liéu va dd thi ttr MySQL.
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SCADA IHEU KIEN VA GIAM SAT
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Hinh 4-9: Truy vin chon cong sudt trong ngay

Hinh anh d6 thi lich st nhu hinh 4-10 ciing duoc thé hién trén Web cung véi cac

gi4 tri giup quan 1y va cung cép hinh anh tryc quan cho ngudi ding.
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Hinh 4-10: D6 thi céng sudt trong ngdy

Ngoai ra con co thé xuat ra Excel dé luu trit va bao cdo xudng may tinh. Giip

quéan ly dit liéu téi wu hon.
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Al g Jx HS Hyosung
A B C

1 |HS Hyosung

2 |Di¥ lidu cam bién

3 |Thei gian Tén cam bié&n Gia tri
4 |2025-06-12T20:48:18  Céng sudt mdi giv N/A
5 2025-06-12T21:01:18 Céng suit méi gicy N/A
b6 2025-06-12T721:11:48 Céng sust mbi gidy N/A
7 2025-06-12T21:21:41 Céng sust mbi gidy N/A
& 2025-06-12T21:34:58 Céng suft mbi gidy N/A
9 2025-06-12T21:34:58 Céng suit mbi gicr N/A
10 | 2025-06-12T21:35:18 Céng suét mbi gicr 25
11 |2025-06-12T21:35:38 Céng sult mbi gicy 26.5
12 12025-06-12T21:35:58 Céng suét mbi gicy 26.5
13 |2025-06-12T21:36:18  Céng suét mdi gity 26.5
14 |2025-06-12T21:36:38  Céng sufit mdi gity 28.6
15 |2025-06-12T21:36:59 Céng suft mbi gidy 32
16 2025-06-12T21:37:19 Céng sust mbi gidy 32
17 |2025-06-12T21:37:39 Céng suft mbi gidy 36
18 |2025-06-12T21:37:59 Céng suft mbi gidy 30
19 |2025-06-12T21:38:19 Céng suit mbi gicr 30
20 | 2025-06-12T21:38:39 Céng suét mbi gicr 315
21 |2025-06-12T21:38:59 Céng suét mbi gicy 315
22 |12025-06-12T21:39:19 Céng suit mbi gicy 324
23 |2025-06-12T21:39:39  Céng sult mdi gity 31.9
24 12025-06-12T21:39:59 Céng suit méi gicy 31.9
25 |2025-00-12T721:40:19 Céng sust mbi gidy 32.4
26 |2025-06-12T721:40:39 Céng sust mbi gidy 324
27 | 2025-06-12T21:40:59 Céng suft mbi gidy 324
28 |2025-06-12T21:41:20 Céng suit mbi gicr 324
29 |2025-06-12T21:41:40 Céng suét mbi gicr 324
30 | 2025-06-12T21:42:00 Céng sult mbi gicy 324
31 |2025-06-12T21:42:20 Céng suét mbi gicy 324
32 |2025-06-12T21:42:40  Chng sult mdi gity 32.4
33 2025-06-12T21:43:00 Céng suit méi gicy 32.4
34 12025-00-12T21:43:20 Céng suft mbi gidy 32.4
35 |2025-00-12T21:43:40 Céng sust mbi gidy 32.4
2L WNIC NE 19T . A4 [y P Y m:-;-: ~il k=2a B |

D liéu

+

Hinh 4-11: Xudt dit liéu Excel cong sudt trong ngay

4.2 Tinh &ng dung va phat trién caa dé tai

Giai phap hoan toan c6 thé Gmg dung vao giam sat ning luong nha may véi day
du céac chire nang trén, co thé quan ly duoc nhiéu loai d6i tuong nhu nha may san Xuét,
trang trai chin nudi, cic toa nha vin phong hodc cac khu twong tu. San pham c6 thé tuy

chinh cong nghé linh hoat phul hop véi timg ddi tuong khach hang.
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— Giai phap gitp thu thap dit liéu luu trir theo ddi hién thi tat ca cac dit liéu lién
quan dén ning luong cip nhap nhanh chéng va kip thoi dap tng theo thoi
gian thuc.

— Lam co s& cho nguoi van hanh c6 bién phép tdi vu lai hé thong dién trong
nha may, canh bao nhirng bat thudng va dé xuat bao tri du doan cho thiét b

—  Gilip doanh nghiép tiét kiém chi phi, thoi gian tién dan dén s6 héa nha may.
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KET LUAN

Hé thdng giam sat ning luong duoc xay dung trong khuon kho dd an da cho thiy
hiéu qua budc dau trong vi¢c thu thap, hién thj va phan tich dir li¢u ti€u thy dién nang
theo thoi gian thyc. Uu diém ndi bat 1a kha ning tich hop hoc may dé phat hién bt
thuong va du doan su cd, giip nang cao do tin cay va t6i wu hoa van hanh thiét bi. Giao
dién tryc quan, kha ning mo rong cao va chi phi dau tu hop 1y cling 13 nhitng diém manh
dang ghi nhan.

Tuy nhién, dd 4n van con mot s6 han ché nhu: pham vi trién khai chi dung 6 mo
hinh thir nghiém quy mé nho, thuat toan hoc may chua duoc tdi uu hoa sau cho ting
loai thiét bi cu thé, va thiéu tich hop hé théng diéu khién phan hoi (feedback control) dé
can thiép truc tiép khi phat hién bat thuong.

Trong twong lai, c6 thé md rong hé thong theo hudng:

— Tich hop thém nhiéu cam bién giam sat cac thong s6 moi trudng nhu nhiét

do, do rung, ap Sut...

— Phat trién dashboard web/moblie dé giam sat tir xa qua cloud.

— Huéan luyén cac mé hinh hoc may nang cao hon, chan doan nhiéu su ¢d hon.

— Két ndi hé thdng véi phan mém ERP (Enterprise Resource Planning) hoic hé

thdng quan 1y san xuat dé toi uu toan dién.

Viéc tiép tuc phat trién theo cac huéng nay s& gitip nang tam hé théng tir giam
sat don thuan 1én mirc quan 1y ning lugng toan dién, tién gan hon dén mo hinh nha may

thong minh (Smart Factory) trong ky nguyén cong nghiép 4.0.
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Ghi cha:

Sinh vién xem “Quy dinh vé liém chinh hoc thuat” ban hanh kém theo Quyét dinh sb
29/QD-DHBK ngay 09/01/2017 va “Hudng dan trich din va 1ap Danh muc tai liéu tham
khao” dugc ban hanh theo vin ban s6 30/HD-DHBK ngay 09/01/2017 dé thuc hién trich

dan va 1ap Danh muc tai liéu tham khao.
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