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TOM TAT

Bai bao trinh bay két qua nghién ciru, thiét ké va ché tao cam bién dp sudt mang kim loal
gidn tiép sir dung co cdu can bang liee khi nén (da tric) hoat dong & nhiét do cao sir dung trong té
hop LAVA. Mang da tric duoc ché tao tir hop kim dan hoi dic biét Ni36CrTiAl (36HXTIO) co dac
tinh Elinvar, dam bdo dé én dinh mé dun dan hoi trong dai nhi¢t do rong. Thdn da tric duoc ché tao
tir thép khéng gi 08Cr18Ni10 va dwoc han kin véi mang bang cong nghé han laser vong kin nham
bao dam do kin khi va do bén nhiét. Cac thir nghiém danh gia dwoc thuc hién trén 70 mau da tric
bao gom: kiém tra d¢ suy giam dp sudt sau 24 gio, danh gid sai léch dp sudt so véi gid tri Iy thuyét
& 125 °C va thir nghiém dp sudt hoi bdo hoa ciia nede trong hé kin. Két qua cho thay dg suy gidm dp
sudt nam trong giGi han £7 mmHg. Sai léch giita dp sudt do dwoc va gid tri tinh todn Iy thuyét dao
déng tir -7,0 dén +6,8 mmHg, tiwong dwong do chinh xdc khodng 0,35 %FS trong ddi do 0 - 2000
mmHg. Thir nghiém dp sudt hoi bdo hoa trong khodng 60 - 90 °C cho thdy sai s6 cia da tric luén
nho hon £7 mmHg so voi gid tri ly thuyét Thir nghiém doi chirng trén 320 mdu thuéc phong cho
thay ty 1 trung khép vé phan cdp chdt lwong dat 96,9% so véi da tric Lién bang Nga. Cdc ket qud
nghién ciru khang dinh kha nang lam chu cong nghé thiét ké va ché da tric déap iing yéu cau kiém
dinh dan dwoc bang phirong phép dp ké trén t6 hop LAVA.

Tir khéa: Cam bién ap sudt; Ni36CrTidl: Can bc%ng luc khi nen, 76 hop LAVA; Pa tric;
Thuoc phong,; Han Laser:

ABSTRACT

This paper presents the research, design, and manufacturing results of indirect metal
diaphragm pressure sensors (da-tric) utilizing a pneumatic force-balance mechanism for high-
temperature operations within the LAVA system. The da-tric was developed using reverse engineering
techniques based on an original model, combining material composition analysis, mechanical
design, and the establishment of a manufacturing process suitable for domestic technological =~
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conditions. The sensor diaphragm is fabricated from a specialized Ni36CrTiAl (36HXTIO) elastic
alloy with Elinvar characteristics, ensuring elastic modulus stability across a wide temperature
range. The sensor body is constructed from 08Cri18Nil( stainless steel and is hermetically sealed
to the diaphragm using closed-loop laser welding technology to ensure air-tightness and thermal
durability. Evaluation tests were conducted on 70 sensor samples, including a 24-hour pressure
drop test, an assessment of pressure deviation from theoretical values at 125 °C, and saturated
vapor pressure testing of water in a closed system. The results indicated that the pressure drop
remained within +7 mmHg, proving that the air-tightness of the sensor structure met the required
standards. The deviation between measured pressure and theoretical calculations ranged from -7.0
to +6.8 mmHg, corresponding to an accuracy of approximately 0.35% FS within the 2000 mmHg
measuring range. Saturated vapor pressure tests in the 60 - 90 °C range showed that device error
was consistently less than =7 mmHg compared to theoretical values. Comparative testing on 320
propellant samples demonstrated a quality classification match rate of 96.9% compared to the
reference sensors from the Russian Federation. These research results confirm the capability to
master the design and manufacturing technology of high-temperature resistant metal diaphragm

pressure sensors, meeting the precise measurement requirements of the LAVA system.

Keywords: Pressure sensor, Ni36CrTiAl alloy; Pneumatic force balance; LAVA system;

Propellant; Laser welding.
1. PAT VAN PE

Trong linh vuc do luong va diéu khién
tu dong, viéc ché tao ra cac cam bién ap suét
c6 d6 chinh xac cao chiu duoc cac tac nhan an
mon héa hoc ¢ nhiét d§ cao ludn dit ra nhiing
thach thirc vo ciing phire tap ddi voi cong nghé
ché tao va vat lidu. Cac cam bién ap suat thé
hé mdi dua trén nguyén 1y dién tré ap dién
(piezoresistive) sir dung mang tinh thé silicon
hodc nguyén ly dién dung (capacitive) mac du
sO0 hitu d§ nhay cuc cao va kha nang tich hop
vi co dién tt (MEMS) vuot tréi, nhung lai boc
16 nhirng han ché khi phai tiép xtic truc tiép voi
cac chét phan tich c6 tinh an mon manh hodc
hoat dong trong dai nhiét d§ vuot qua ngudng
gi6i han cta vat liéu ban dan [1]. Khi nhiét do
moi truong vuot qua 125 °C, cac linh ki¢n ban
din bat diu xuét hién dong ro nhiét cuong do
16n, cdu trac tinh thé silicon bi bién dang nhiét
phi tuyén, ddn dén hién tuong troi diém khong
(zero drift) khong thé bu trir hoan toan bang
thuat toan [1]. Hon nira, su hién dién cta cac

khi sinh ra tir qua trinh phan hity chat phén tich
¢6 thé an mon 16p mang bao vé vi md, 1am suy
giam tudi tho va do tin cay cua cam bién dién
tr thong thuong [2].

Dé giai quyét triét dé sy xung dot giira
moi truong do ludng khic nghiét va yéu ciu
cao vé do chinh xac, giai phap thiét ké cam bién
ap suat mang kim loai gian tiép Gmg dung co
cAu can bang luc khi nén di duoc nghién ctru
va tmg dung dé ché tao da tric dung trong T
hop LAVA dé danh gia d6 an dinh hoa hoc cua
cac loai thudc phong, thube nd [3]. Pay 1a loai
cam bién 4p suat dugc cach ly hoan toan, trong
d6 chat can phan tich dwugc dit trong budng
phan ung kin, doc 1ap, tdch bi¢t véi cac thanh
phan dién tir va vi mach xur 1y tin hi¢u thong
qua mot mang ngan kim loai siéu mong c6 kha
ning dan hdi co hoc cao [2]. Co ché cbt 16i cua
hé thong nay van hanh dua trén nguyén 1y can
bang ap suat, st dung khi tro chuan (khi Nito —
N) dé tao ap sut can bang [4].
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Hinh 1 thé hién nguyén 1y hoat dong
ctia da tric. Khi miu chit can phan tich duoc
dugc dwa vao budng phan tng va dugc gia
nhiét cudng birc (vi du v6i thudc phong mot
gbc 1a 125 °C, thudc phong hai gbe 1a 110 °C).
Tai ving nhiét d6 nay, cac lién két hoa hoc ciia
chat phan tich bi bé gdy, xay ra hién tuong phan
huy nhiét tao ra hon hop khi. Su gia ting sb
lu:ong mol khi trong mét thé tich khéng ddi cua
budng phan tng tuan theo phuong trinh trang
thai khi 1y tuong, dan dén sy gia ting ap suét
(ky hi¢u la P ). Su chénh Iéch ap sudt giita
buong phan ung va budng do (lic nay dang &
ap suat khi quyén) tao ra mot gradient lyc phan
bd déu trén bé mait cua mang kim loai dan hoi
[5]. Duéi tac dung cua truong lyc nay, mang
kim loai bi bién dang udn va dich chuyén tinh
tién vé phia budng do. Trong budng do thiét ké
mot hé thong tiép diém co dién c6 d6 nhay cao
(kim da tric), voi mot dau kim dugc dinh vi
chinh xac cach mang mot khoang khe hé vi mo

[6].

i

Dung moi, khi NO,
| TP 1 ple: 10°C

) TP 2 gle: 125°C

I whiniwe '2]_""'

Tin higu dign tén
bo didu khidn

Dung méi, khi NO,

l' TP 1 ghe: MOSC
) TP 2 ple: 129°C

Hinh 1. Nguyén Iy hoat dong cua da tric

Ngay khi mang kim loai cham vao dau
kim ctia co cdu da tric do két qua cua bién dang
udn, mach diéu khién tin hiéu lap tic dugc
dong lai. Tin hiéu dién nay duoc truyén vé bo
vi diéu khién trung tim v6i d6 tré tinh bang
mili-gidy (ms), khi can do ap suét trong budng
phan g, bo diéu khién thyc hién cac 1énh mo
hé théng van khi dé dong khi Ni to duge bom
tir tir vao budng do, véi ap suét khi Ni to ting

theo ham tuyen tinh [5]. Qua trinh bom khi Ni
to 1am 4p suat trong budng do (ky hiéu la P,
gla tang lién tyc. Khi P, tién t6i muc xp xi
bang P luc ép tur khi Nlto tac dung 1én mat
trén cua mang bat dau triét tiéu gradient lyc gy
ra boi ap suat budng phan Gmg. Ngay tai thoi
diém dong luc hoc khi P, =P, (trang thai can
bang), mang kim loai tach r01 kh01 ‘kim” cua
da tric [7]. Su tach ro1 nay lam ho mach dién
tiép diém, bo diéu khién ngay lap tirc ngat van
bom khi Ni to va dong thoi ghi nhan dir liéu ap
sut [5].

Gia trj ap suat cua dudng khi Nito duoc
do luong chinh x4c bang mot cam bién 4p suat
phu trg c6 do chinh xac cao dugc lép dat trén
duong 6ng cap khi (bén trong khbi dién - khi
nén). Thong so thu nhdn duoc tai thoi diem
ngit mach chinh 13 sy phan anh glan tiép nhu‘ng
hoan toan ddng nhat véi ap suat thyuc té bén
trong budng phan tmg. Phuong thirc do ludng
can bang diém khong nay mang lai mot triét 1y
thiét ké co hoc sdu sic: Mang kim loai dong vai
tro 1a mdt vach ngan cach ly va 1a mot b do vi
tri diém khong (null detector) thay vi phéi hoat
dong nhu mot 16 xo do luc truyén tuyén tlnh
[5]. Piéu ndy ddong nghia voi viée cac sai sb
hé théng sinh ra do sy suy giam tuyén tinh dan
hdi, hién tuong tir tré (hysteresis), bién dang
rdo (creep) cua mang hay su trdi diém khong
do nhiét d6 déu dugce triét tiéu mot cach tdi da,
mo ra kha ning thiét ké mot thiét bi do ap suat
c6 dai do rong, hoat dong 6n dinh & nhiét d6 1én
té1 150 °C véi do chinh xac cao [8].

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét ké ban vé co khi
Thiét ké cam bién ap suét dva trén mau

c6 san 1a mot qua trinh ky thuat phuc tap, yéu
cau sy két hop gitta viéc trich xuat thong so

hinh hoc thyc thé va tinh toan khéi phuc y do &
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thiét ké gbc. P6i v6i dang cam bién do gian
tiép st dung phuong phap cin bang khi Nito
va mang ngan cach bang hop kim dan hdi dic
biét, quy trinh thiét ké tap trung vao viéc dam
bao tinh tuyén tinh ciia mang gan va do nhay
cta tiép diém “mang — kim” [9].
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Hinh 2. Mt cat ngang cia than da tric

Hinh 2 thé hién ciu tao va céc chi tiét
céu thanh da tric. Da tric c6 hai budng - budng
phan ung P va budng do P, ngan cach nhau
bdi mang kim loai 06 dugc han chat va kin khit
v6i than trén va than dudi cua da tric. Mang la
mot tim kim loai mong c¢6 dap cac gan dong
tam dé tang muc do linh dong. Kim 12 duoc
cach dién khoi than vo béng dém 13. Vi tri ciia
kim trén tryc thang dimg dugc diéu chinh boi
6ng ren 15, dng ren nay dugc khoa chit bai e
14. Kim 12 dugc €p chat boi 10 xo 16 ¢6 kha
ning tiép xtc dién, nghia 1a khi lam viéc kim
chi ¢6 kha nang di chuyén 1én phia trén. Lo xo
16 dong thoi thyc hién tiép xuc dién voi ong
nbi dan khi 10. Qua 6ng ndi 10 khi nén duoc
bom vao budng do. Ong ndi dan khi 10 con co

chtrc ning dan tin hiéu dién, n6 duoc cach ly véi
than dudi ciia da tric bang cac 16p gioang 11. Do
kin cua budng do duoc dam bao bang cach siét
chit 6¢ 08. Ong (cbc) phan tmg 01, cting voi nat
mang, tao nén budng phan tmg. N6 duoc nén boi
dém 04 bﬁ“mg cach siét chit b¢ 02.

2.2. Xac dinh thanh phan va lya chon vat liéu

Viéc nghién ctru, do dac kich thude va
xdy dung ban vé& da tric chi giai quyét duoc van
dé hinh dang, kich thudc cia cac chi tiét. Dé
ché tao cam bién ap suit (da tric) theo mAu,
viéc xac dinh chinh xac mac vat li€u cua cac chi
tiét 1a budc then chdt dé dam bao san pham co
dic tinh co 1y va do bén twong dwong mau gdc.

Bang phwong phap phén tich phd, nhém
nghién ctru da xac dinh dugc méc vat liéu cua
cac chi tiét cAu thanh da tric (Bang 1). Qua
trinh xac dinh vat liéu bang phuong phap phan
tich phd dd khing dinh vat liéu ché tao mang
da tric 1a siéu hop kim dan hoi Ni36CrTiAl (ma
dinh danh cia LB Nga la 36HXTHO) [10]. Xét
vé mat luyén kim hoc, Ni36CrTiAl 1a mot dai
dién vu ta cua ho hop kim Fe-Ni-Cr két tiia hoa
bén, voi thanh phan héa hoc chu dao bao gom
Niken (dao dong tir 34,5% dén 36,5%), Crom
(11,5% dén 13,0%), két hop cing ham lugng vi
lugng cua Titan (2,7% - 3,2%) va Nhom (1,0%
- 1,8%), phan con lai 1a sat [10].

Bdng 1. Mdc vt liéu ciia cdc chi tiét trong da tric

TT Tén miu

Mac vit liéu Tiéu chuan

Than Pa tric, Bém kim loai

Cbc dung mau, Budng do, Budng phan tng,

08X18H10 (08Cr18Nil0) I'OCT 5632-72

2 Kim tham do 12X18H9 (12Cr18Ni9) I'OCT 5632-72
3 Lo xo tham do 60C2 (60Si2) 'OCT 14959-79
4 Mang DPa tric 36HXTHO (36NiCrTiAl) I'OCT 10994-74
Ong 16t dong c6 ren, Pai ¢ ham budng do, Dai
> dc ham budng phan tmg, Pai dc ¢b dinh kim bpAJK 9-4 (CuAl9Fes3) FOCT 18175-72
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Thanh phan giit vai trd hat nhan cong
nghé ché tao da tric chinh 12 mang kim loai
ngan cach gitra budng phan tmg va budng do.
Mang nay khong chi phai chiu duoc ap suit
ma con phai duy tri tinh dan hoi va toan ven
ciu tric trong méi trudng dn mon & 150 °C,
ddng thoi phai s¢ hitu dic tinh do nhay cao voi
nhirng bién thién 4p suat nho nhat [6].

Cu tric vi md ctia Ni36CrTiAl sau khi
trdi qua chu trinh xtr 1y nhiét co hoc phuc tap
- két hop giira can déo bién dang ngudi (cold
strain) va u hda gia (aging treatment) cho phép
hop kim nay dat dugc cac thudc tinh co hoc quy
gia [10] Do bén keo gidi han (R ) cua vét ligu
c6 thé vuot qua mdc 1200 N/mm? (MPa), di
kém v6i d6 ctng bé mit dinh luong theo thang
Vickers dat 400-480 HV [11]. Tuy nhién, 1y do
tién quyét khién Ni36CrTiAl duoc tmg dung
trong cam bién do ap suat nhiét d6 cao nam &
ddc tinh dan hdi va tinh 6n dinh nhiét. M6 dun
Young ctia Ni36CrTiAl dao dong on dinh trong
khoang 186.500 dén 206.000 N/mm? (twong
duong xap xi 186 - 206 GPa) ¢ nhiét d6 phong
[11]. Mot dac tinh quy giad cuia hop kim nay la
hiéu tmg Elinvar (46 dan hdi khong dbi), cho
phép hé s6 nhiét cia n6 duoc khong ché & mirc
rat thap, dam bao d6 climg ciia mang suy giam
khong dang ké khi nhiét do budng phan tGmg
tang 1én té1 150 °C.

Thém vao do, hé s6 gidn nd nhiét tuyén
tinh cua vat li€u trong dai nhiét do tu 25 °C
dén 150 °C chi & mic rt nho (khoang 0,8 - 1,4
},tm/rn °C). Thudc tinh nay cuc ky quan trong
d6i voi cam bién mang gian tiép; néu mang
gidn nd qua muc khi bi nung néng, n6 co thé
tur tao ra do vong phong rop, vo tinh cham vao
kim da tric ngay ca kh1 khong c6 su chénh 1éch
ap sudt, gay ra sai s6 bao tin hiéu gla [12]. Kha
ning chéng oxy héa bé miat va chéng ian mon
hoa hoc cia hop kim cling dugc t6i wu hoa
nho 16p mang thy dong Crom oxit hinh thanh

tu nhién, ngan chdn sy tdc dong cia hoi nudc
noéng va cac khi phan huy [10].

2.3. Cong nghé ché tao da tric
2.3.1. Gia céng ché tao mang da tric

Quy trinh gia cong mang tir tim hop kim
Ni36CrTiAl (mac 36HXTIO theo tiéu chuin
GOST 10994-74) vé1 d6 day siéu mong 0,08
mm doi hoi sy kiém soat khit khe vé bién dang
co hoc va ché do nhiét. Bén canh do, chic nang
quang trong nhat cta 2 gin gon song chinh 1a
co ché bu trir img suat nhiét [12]. Khéi than da
tric bao ngoai duoc ché tao tir thép khong gi
SUS304, mot vat liéu ¢6 hé s gidn né nhiét
cao hon so voi Ni36CrTiAl Khi hé théng bi
gia nhiét 1én 150 °C, sy khong dong nhat vé do
gian n¢ gitra vanh kep cua than da tric SUS304
va mang Ni36CrTiAl sé sinh ra tng sudt nén
1én mang [12]. 6] mang phang, mg suat nay
chic chin s& gay ra sy mat 6n dinh dan hoi, lam
mang bat cong dot ngot. Tuy nhién, cac bién
dang gan song luon hoat dong nhu cac khdp co
gian, hip thu toan bo su bién dang nén hudng
kinh béng cach thay d6i do udn cong cuc bd tai
dinh gan, gilt cho cao d) cia tam mang khong
bi troi 1éch, ddm bao dd chinh xéac ctia cam bién
& nhiét d6 cao [13]. Cu triic 2 gan sau 0,3 mm
bién mang thanh mot mang “mém” hon & pham
vi bién dang nho, t6i da hoa d6 nhay dap tmg dé
phat hién nhitng chénh léch 4p suat vi mo nhat
trude khi tiép xuc kim.

7 s
- A e ’ :
= . | :
2 ' R =l

o T e et
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Hinh 3. Cdu tao mang da tric

Duéi ddy 1a quy trinh cong nghé chi tiét
deé ché tao mang véi 2 gan song co kich thude
theo ban v€ co khi:
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- Chuan bi phéi va cit bién dang: Do
do6 day mang cuc mong (0,08 mm), viéc cit
phoi phai tranh gay ra hién tuong lem mép
hodc tng suit du khong déu tai vién mang. St
dung phuong phap cit bang may Laser Fiber do
chinh x4c cao. Cit phdi theo dang tron dudng
kinh 37,5 mm.

- Tao hinh gan song: Pay la budc quan
trong nhét dé tao ra dic tinh tuyén tinh cho cam
bién ap suat. St dung cong nghé dap ngudi véi
bo khudn dap gan song chuyén dung.

- Théng sb gan: Gan trong: 9.2 mm;
Gan ngoai: 19,2 mm; Bién dang gin: hinh sin
v6i chiéu sau 0,3 mm va ban kinh gan 0,7 mm.
Bién dang nay giup giam thiéu tip trung (mg
suat va ting hanh trinh co khi so véi mang
phang.

- Han tiép diém tron: Han laser tiép
diém tron v6i duong kinh 6 mm, day 0,6 mm
vao dung tdm mang. Str dung phuong phap han
laser xung dé kiém soat nhiét luong, tranh lam
thing mang 0,08 mm. Viéc han nay phai thuc
hién trudc khi han mang vao than da tric dé dam
bao do phang ctia mang. Pé tranh viéc tia laser
ban thung mang dan hoéi khi dinh tiép diém,
tia laser dugc dinh hudng géc nghiéng va lam
nong tiép diém day trudc, sau d6 niang lugng
truyén dan qua mat tiép xtic dé nong chay mot
16p giao dién siéu mong, két dinh vimng chic
ma khong phé hily vat liéu mang nén.

2.3.2. Gia cong ché tgo cdc chi tiét khdc ciia
da tric

Trong quy trinh ché tao da tric, ngoai bd
phan mang dan hoi, cac chi tiét co khi khac nhu
than da tric, budng do, budng phan tmg, kim
tham do va cac 6ng 16t dong dong vai trd quan
trong trong viéc dam bao do kin khit va tinh
chinh x4c ctia hé thong. Cong nghé gia cong

CNC (Tién va Phay) duoc uu tién sir dung dé
dat dugc do dung sai chit ché (dén cap chinh
xac IT6) va do bong bé mit cao (Mot s6 bé mat
can dat dén Ra0,63), dam bao kha nang lam
viéc & nhiét do dén 150 °C.

2.3.3. Cong nghé han

Qua trinh chuyén hoa cac ban vé thiét ké
thanh cam bién vat 1y hoat dong hoan hao doi
hoi viée vugt qua mdt trong nhitng thach thirc
16n nhat trong ky thuat gia cong kim loai: K§
thuat ghép ndi mang siéu mong di vat liéu [14].
Cam bién yéu cau budng phan tmg va budng
do phai duoc cach ly tuyét ddi vé mit khi dong
hoc, dong nghia véi viéc mang Ni36CrTiAl day
0,08 mm phai dugc han kin vong vién vao than
cua da tric gia cong tu thép khong gi SUS304
[15]. Cac phuong phap han hd quang tay hay
han béng dién cuc nong chay, dién cuc tro s€
ngay lap tirc lam chay 16p mang 0,08 mm do su
tap trung nhiét luong kho kiém soat, dong thoi
gy ra bién dang cong vénh 16n [15]. Do do,
nhoém nghién ctru da lya chon cong nghé han
laser soi quang (Fiber Laser Welding). Pay la
cong nghé co kha nang phan tan nang lugng &
cap do vi mo.

Van dé& cét 16i cua viéc han mang
Ni36CrTiAl 1én thép SUS304 khong chi nam
& su chénh léch d¢ day cac chi tiét han, ma con
O tinh tuong thich hoéa ly ctia hai mang tinh
thé hop kim [16]. SUS304 1a thép khong gi ho
austenitic chira khoang 18% Cr va 8% Ni, trong
khi hgp kim Ni36CrTiAl chura lugng Ni cao
hon rét nhiéu (36%) kém theo Ti va Al [10].
Khi chum tia laser nung chay khu vuc tiép giap,
viing han tré thanh mot hé hon hop da nguyén
t6. Titanium va Aluminum trong Ni36CrTiAl
1a cac nguyén to ¢6 luc ai lyc voi oxy cuc ky
manh m& [17]. Néu qu4 trinh han khéng duoc
bao vé t6i da, s& hinh thanh cac 6xit dang x6p
hoic rd khi (porosity) xen 1an vao ciu trac lién
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két, tao thanh cac vi k& nut khi viing han dong
dac, lam mat d¢ kin khit va gay ro ri khi [15].

Dé giai quyét van dé nay, st dung dong
khi bao vé 1a Argon, d tinh khiét cao véi luu
luong duogc kiém soét chuén xac & muc 10 1/phut
duogc phun truc tiép vao viing han trong subt qua
trinh phat tia. Lép khi chuyén dong nay day lui
toan bd oxy trong khi quyén, dam béo viing han
hai loai vat liéu khac nhau Kkét tinh trong trang
thai sach, hinh thanh mot lién két tin cay va lién
tuc gitta cac 16p vat liéu (Hinh 4).

Hinh 4. Phuong phdp han laser vong kin cho
da tric

Viée kiém soat nhiét luong dua vao bé
mat 12 yéu t6 mang tinh quyét dinh. Nang lugng
phai du 16n dé lam néng chay ca mang 0,08
mm va thim nhap mot phan vao than da tric dé
tao lién két ngau, nhung ciing phai dii nho va
ngan dé ving anh huong nhiét khong lan rong
vao phan gan song cia mang, 1am thay d6i ciu
trac pha hoa gia va giam do dan hoi [15]. Dya
trén qua trinh han va thr nghiém ldp lai, nhém
nghién ctru da lya chon dugc ché do han tdi vu
nhu Bang 2.

Bdng 2. Ché dg han laser t6i wu trong quy trinh ché tao da tric

Thong so Yl hjm Laser di | Gia tri hl(}u.fhlnh v nghia dgng lwc hoc va nhigt luyén
vat liéu thwe nghiém
Cong sudt tia Laser C‘ungA’caIA) rr{at dg dong nhiét tapAtrunf‘g, dua d’e duy
I5W tri ché d han dan nhiét nhe, khong lam chay mang
(Average Power) ,
mong.
Ché dé phét tia (Laser bo rong xun.gﬁngan (710 IAIS) glull) gl:i}m t{neu l’il.@n
Mode) 10 ns tuong gia nhiét du thtra, toi da hoa toc do ngudi,
gilr cau truc hat min tai vung bién.
A% DPam bao ty 1¢ chong lap vét han (spot overlap)
Tan 50 xung (Pulse 10 kHz cao, tao ra duong han lién tuc, han kin tuyét dbi
Frequency) .
(hermetic seal).
Can bang gitta tbe d6 san xuét va thoi gian 6n dinh
Toc d6 han (Travel Speed) 06 mm/s viing han, han ché hinh thanh vi nut rach & duoi
viing han do Ung suat nhiét.
Puong kinh tidu cu tia (Spot 7 KIAlu ‘Eru V}mg no‘r?g c’hay theq m(_):[ duorrAlg bién vi ‘
Size) Khoang 0,25 mo sat mep ngoai, cach xa va khong xam pham vao
cau trac 2 gan song bén trong.
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2.4. Thir nghiém cac chi tiéu

Céc bd da tric sau khi ché tao duoc kiém
tra va thir nghiém céc chi tiéu ky thuat tai Trung
tam Nhiét déi Viét - Nga. 70 bd da tric dat yéu
cau thu nghi¢ém tai Trung tdm Nhi¢t doi Viét -
Nga tiép tuc dugc thir nghiém tai Trung tm Thi
nghiém luu mau, Cuc Quan khi (Hinh 5).

Hinh 5. Thir nghiém cac tham $6 cua da tric tai
Trung tam Nhiét doi Viét - Nga va Trung tam Thi

nghiém luw mau, Cuc Qudn khi

2.4.1. Thir nghiém dp suy giam dp sudit da tric
(do kin)

Quy trinh thtr nghiém d6 kin cho céc da
tric theo tai liéu TY 6-90 (muc 4.12) [18] c6 thé
duogc tom tat thanh ba giai doan chinh nhu sau:

Giai doan 1: Hut chan khong budng
phan Ung dat muc 100 - 120 mmHg, sau d()
van chat buong phan tng. Pua da tric vao 16 6n
nhiét va két ndi voi hé théng. Po ap suit theo
chu ky 5 phut/lan trong khoang 1 - 1,5 gio.

Giai doan 2: Dé hé thong on dinh sau 24
gior sau d6 do gia tri ap sudt va so sanh voi gia tri
ap suét & giai doan 1. Pa tric dam bao kin néu su
chénh léch ap suat khong vuot qua 7 mmHg,

Giai doan 3: Nang nhiét do 10 6n nhiét
1én 150 °C. Sau khi nhiét d6 va ap suét on dinh,
ghi lai thoi gian bat dau va cac chi sd ap suat/
nhiét do. Tiép tuc dé hé théng 6n dinh sau 24
gid sau d6 do gid tri p suét va so sanh véi luc
bét dau nung. Pa tric dam bao kin néu sy chénh
léch ap suat khong vuot qua 7 mmHg.

2.4.2. Thir nghiém sw chénh léch dp sudt so
v0i gid tri tinh todn

Thir nghiém theo muc 10.6 tai li¢u T
hop LAVA Huéng dan sir dung [19].

- Budc 1: Tién hanh lap da tric khong co
gioang cao su. Dat da tric Vao trong 10 on nhiet
0 nhiét do phong T, va tién hanh do ap sut
P, cua da tric khi buong phan g dugc mo ra
truc tiép voi khi quyén. Budc nay do ba gla tri:
Nhié¢t do phong T g1a tri ap suat ban dau P s
gia tri ap suét khi quyen P

- Bué6c 2: Liy céc da tric ra, van kin lai
(co gioéng cao su) va lai dit vao trong 1o on
nhlet Tién hanh do ap suat P . Nang nhi€t do 1o
6n nhiét 1én T, =125°Cva glu da tric ¢ nhiét
dd nay hon 2 g10 Tién hanh do ap suat P, cla
da tric. Tinh gia tri ap suét trong budng phan
ung da duogc lam kin theo cong thirc:

P =(P,—P)*K+P,
O day:

P,=P,

0

P K=Q73+T,)/Q73+T)

So sanh cac gia tri P, va P_ (P tinh toan).
Nhitng da tric co6 gia tri khong vuot qua +7
mmHg la dat yéu cau.

2.4.3. Thir nghi¢m sw thay déi dp sudt hoi bio
hoa

Kiém tra véi nudce cat theo muc 10.7 tai
liéu T6 hgp LAVA Huéng dan str dung [19].

Phuong phap nay dua trén co so 1a tinh
dan hdi cua hoi nude (ap sudt can bang phia
trén pha long). O mbi gia tri nhiét do, ap Suat
nay c6 gia tri khong doi.
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Bdng 3. Hiéu sé dp sudt hoi bio hoa phu thudc
vao nhiét do

Khoing thay | Hi¢u s 4p suat hoi bio hoa
doi nhiét dg, °C trong da tric, nmHg
P, -P, 110
P, -P, 147
P, -P, 196

Phuong phap: Cho vao trong cc phan
g ctia da tric 3-5 ml nudc cat. Bit kin da tric
va dat vao Lo 6n nhiét. Nang nhiét do t6i 60 °C,
chd cho dén khi ap sut trong da tric dugc 6n
dinh (20 - 30 phut). Po va ghi lai ap suat nay
(P,,). Thuc hién twong tu dé duoc céac gia tri ap
suat P, Pgo, Pgo, 16i 1ap lai thao tac do va ghi
Hiéu so ap suat bén trong da tric ¢ cac diém
nhiét gin véi gia tri trong Bang 3 (sai léch

khong qua +7 mmHg 1a dat yéu ciu).
2.4.4. Thir nghiém déi chirng thuéc phéng

Thir nghiém 160 mau thudc phong 2
gbc va 160 mau thudc phong 1 gbe. Mdi miu
thudc phong duoc can va cho vao 4 coc thi
nghiém. 2 cdc thir nghiém véi da tric do Trung
tam Nhiét déi Viét - Nga ché tao, 2 coc thu
nghiém véi da tric cua Trung tam Thi nghiém
Luu mau (da tric do LB Nga ché tao). Cac miu
thudc phong dugc thir nghiém va danh gia theo
cac Tiéu chuan Qudc gia trong linh vyc quan
su, qudc phong: TCVN/QS 629:2016; TCVN/
QS 630:2016 [20], [21].

3. KET QUA VA THAO LUAN
3.1. D) suy giam ap suit da tric (d¢ kin)
Thtr nghiém do kin (d¢ suy gidam ap

sut) dugc tién hanh trén 70 mau cam bién (VN
001 - VN 070) theo tiéu chuan TV 6-90 [18].

14 1 Whigt dd: 25 *°C
E Whikt did: 125 °C

6
4
0 |J j
1 2 3 4 5 6 7

7 6 5 4 3 2 -1 0
OF = Pagy — Por

S8 luang mdis

L]

Hinh 6. Biéu d6 dg suy giam dp sudt sau 24 gio

Hinh 6 1 biéu d6 do suy giam ap suat
sau 24 gio. Mot diém dang chi ¥ trong két qua
1a kha ning duy tri d6 kin & diéu kién khéc
nghiét 150 °C. Tai nhi¢t d§ nay, mac du ap Suat
ban dau (P,,) tang 1€n so voi diéu kién nhiét 3o
25 °C (do su gian nd nhiét cua lugng khi du
trong buong phan tmg), d6 sut giam 4ap suit sau
24 gid van nim trong ngudng sai léch cho phép
(7 mmHg). Su bién thién ap suit (,P2 - Puy) dao
dong trong khoang tir -7 mmHg dén +6 mmHg,
cho théy kha nang hoat dong on dinh ¢ nhiét d6
cao ciia mang da tric. Pidu nay c6 thé giai thich
nho vao dac tinh cia hgp kim Ni36CrTiAl
(Elinvar). Day la loai hgp kim c6 m6 dun dan
hdi va hé sb gian nd nhiét rat dn dinh trong dai
nhiét do rong. Viéc st dung vat liéu nay lam
mang ngin da tric v6i co cAu 2 gan di giam
thiéu su tap trung ng suit tai mdi han khi nhiét
d6 thay doi tir 25 °C 1én 150 °C. Két qua nay
dac bi¢t quan trong vi cam bién dugc thiét ké
dé 1am viéc & nhiét do 1én t6i 150 °C, noi su ro
ri khi nho nhit ciing c6 thé lam sai léch va dan
dén sai s6 do vuot mirc yéu cau.

Viéc vuot qua tht nghiém do kin sau
24 gio & 150 °C cho thay cam bién ¢ kha ning
chiu dung dugc nhiét do cao trong thoi gian

dai ma khong lam suy giam cac dac tinh dan &~
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hoi ctia mang gan. Hé thong mang va kim thim
do hoat dong tot, gitip bo diéu khién ghi lai gia
tri 4p sudt mot cach trung thuc nhat trong sudt
thoi gian thir nghiém. Sy phdi hop chinh xac
gitta vat liéu hop kim dac biét va cong nghé
han tién tién da tao ra cac da tric dat tiéu chuin
chat lwong twong dwong mau gdc, sin sang cho
cac budc kiém tra chirc ning tiép theo nhu thir
nghiém chénh léch ap suat, thir nghiém nudc
cét va thir nghiém ddi chimg thude phong.

3.2. Su chénh léch ap suit so véi gia tri tinh
toan

Thtr nghiém tap trung vao viéc danh gia
do chinh xac ctua phép do thong qua chénh 1éch
ap suat thuc té so vi gia tri tinh toan 1y thuyét
nhiét dong luc hoc tai 125 °C.

Bdng 4. Két qua thir nghiém suw chénh léch dp sudt so véi gid tri tinh todn

Théng s6 Loat 1 (n =32) Loat 2 (n =32) Loat3(m=6) | Toan b (n=70)
Nho nhat (mmHg) -6,3 ~7,0 -5,5 ~7,0
Lén nhat (mmHg) +0,5 0,1 +6,8 +6,8
Trung binh (mmHg) -39 4,3 -0,2 =37
D6 1éch chudn (mmHg) 2,0 2,1 4,0 2,4
Ty 1é dat (%) 100 100 100 100

Két qua thuc nghiém trén 70 mau cho
thy sai léch tuyét ddi gitra 4p suét thuc té (P,)
va ap suat ly thuyét (P ) dao dong trong khoang
tir -7,0 dén +6,8 mmHg (Bang 4). Véi dai do
thiét ké 1a 0-2000 mmHg, sai 1éch t6i da nay
trong duwong v6i do chinh xac 0,35%FS. Két
qua nay chirng minh da tric c6 d6 nhay va do
chinh x4c cao. Viéc ap suat thyc t& bam sat mo
hinh todn hoc dua trén dinh luat khi 1y tudng
khang dinh rang thé tich buéng phan mg duoc
duy tri 6n dinh, khong bi bién dang dudi tac
dong cua nhiét do cao.

3.3. Su thay doi ap suit hoi bio hoa

Ap suét hoi bio hoa cta nudc trong hé
kin 1a dai lugng phu thudc duy nhét vao nhiét
do va co gia tri xac dinh theo quy luat nhiét
dong hoc. Trong dai 60 - 90 °C, quan h¢ nhiét
do - ap suat c6 do ddc 16n, do d6 dic biét nhay
d6i voi danh gia do kin hé théng va do chinh
X4c ctia cam bién 4p sut.

Phuong phép thur nghiém dua trén tinh
dan hoi ctia hoi nude trong thé tich kin - mot dai
luong vat ly khong doi tai nhiét d xac dinh - da
tré thanh “thude do” khach quan dé danh gia
do nhay cua mang da tric. Viéc tat ca cac mau
(Bang 5) déu ghi nhan murc ting ap suat hoi
bdo hoa nam trong ngudng sai léch £7 mmHg
so v6i Bang 3 khang dinh rang da tric dd phan
hoi chinh x4c v6i nhimng thay d6i nho vé ning
luong ctia cac phan tir nude khi chuyén pha tir
long sang hoi.

Bidu db so sdnh chénh léch dp sudt (70 mu)

200 154

FT0-PE0
FEO-PT0
Fa0-PED

e A W SR -

0 10 m n an 0 0 0

Hinh 7. Biéu do thir nghiém dp sudt hoi bdo hoa
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Bdng 5. Két qua thir nghiém dp sudt hoi bdo hoa

Khodng nhiét d Danh dinh TruflAg binh thuc Do léch chuén Hé s6 bién thién
A (mmHg) nghiém (mmHg) (mmHg) (%)
60-70°C 110 105,16 2,09 1,99
70-80°C 147 141,31 1,60 1,13
80-90°C 196 192,60 2,65 1,37

Két qua thir nghiém ap suét hoi bao hoa
tai Bang 5 da xac thuc thanh cong chic nang
do ludong cua da tric. Su sai léch ndm trong
ngudng kiém soat (< 7 mmHg) trén toan bo 70
mau thir nghiém khang dinh ning lyc lam chu
cong nghé ché tao da tric trong nudc.

3.4. Thir nghiém d6i chirng thudc phéng

3.4.1. Phdn tich so sanh danh gia dj an dinh
thuoc phong

Thir nghiém ddi ching duoc thuc hién
trén 320 mau thudc phong theo tiéu chuin
TCVN/QS 629:2016 va TCVN/QS 630:2016
nham xéac thuc nang lyc do luong thuc té cua
cam bién da tric ndi dia. Két qua phan cap 320
mau thudc phong theo d6 an dinh giita da tric
cua Viét Nam va da tric cua LB Nga duoc thé
hién trong Hinh 8.

Kt qui thir nghilém theo 4§ an dink

P ] s Eric Wit Ml
758 (g tric LB s

5 7
5 £l
']
o .

Aa dinh cao Ar dini khi Ciben an & by An dinh kém
Mot df an dinh

Hinh 8. Phdn cdp thuéc phéng theo dg an dinh

Dir liéu cho thay sy twong dong rat
16n trong biéu dd phan bd chit luong. Nhom

“An dinh cao” chiém ty trong 16n nhat & ca hai
dong da tric (82,5% ddi v6i miu Viét Nam va
83,75% dbi v6i mau Nga). Su léch nhe trong
cac nhom phén loai do cac nguyen nhan nhu
sai s6 cuia da tric, sa1 sO ctia thiét bi, sai s trong
qua trinh can cic mau thudc phong...

3.4.2. Danh gia do sai léch thoi gian dung thi
nghiém (T )

Do sai léch vé thoi gian ghi nhan thoi
diém ap suit dat ngudng dimg thi nghiém giira
thiét bj Viét Nam va LB Nga AT =T _(VN) -
T (Nga) 12 mot chi sb quan trong dé danh gia
do tré va tinh dong nhat vé thoi gian thuc cua
phép do gian tiép.

Bang 6. D¢ léch thoi gian ding thi nghiém gitra
hai loai Da tric

Khoang sai léch 0 10 20 30
(AT) phit | phat | phut | phut

S6 lugng mau

ghi nhan 289 23 7 1

Béng 6 thé hién do léch thoi gian dimg
thi nghiém giita hai loai DPa tric. Phan 16n
cac mau (31/320 mau co sai léch) tip trung
0 ngudng 10 phut. Trong khi quy trinh thu
nghiém d6 an dinh thudc phong thuong kéo dai
5 gio v6i thude phong 1 gbe va 11 gio véi thube
phong 2 gbe, mirc sai 1éch tir 10 dén 30 phit
duoc danh gia 1a ndm trong ngudng cho phép
cuia sai s6 chdp nhan dugc hé thong.
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3.4.3. D¢ tin cdy trong phéin cép chit lwong
tong thé

Dé khing dinh kha ning thay thé thiét
bi nhap khau, nghién ctru tién hanh thong ké su
tring khép vé phan cip chat luong cudi cliing
sau thir nghiém.

Bdng 7. So sanh doi chirng theo phdn cdp chat

liong thuéc phong
. X . S6 lwgng Ty 1€
Chi s0 so sanh miu (%)
Két qua tring khép 310 96,9
Két qua khéc biét 10 3,1

Bang 7 thé hién két qua so sanh ddi
chtng theo phan cap chat luong thudc phong.
Ty 1é tring khop dat xap xi 96,9% khang dinh
do tin cay cua Pa tric do Viét Nam ché tao. Chi
¢6 10 méu (3,1%) cho két qua khac biét nhe vé
phan cép, diéu nay c6 thé xut phat tir sy khong
dong nhat cuc by cia miu thube phong trong
cac cdc thi nghiém khac nhau hodc sai sb ngau
nhién ctia hé thong thiét bi LAVA.

Qua phan tich thong ké 320 mau, cac da
tric do Viét Nam ché tao da chtirng minh duoc
tinh on dinh, d6 nhay va do chinh xac phan cap
chét lugng dat mirc 96,9% so véi mau ddi chung
ctia LB Nga. Céc sai léch vé thoi gian ding thi
nghiém AT 1a khong déng ké, khing dinh kha
nang tng dung thyc tién cao cla cac da tric nay.
Viéc duy tri duge do chinh xé4c trong phan loai
thudc phong - von doi hoi sy kiém soat chinh
xac 4p suat 1a bang ching thyc nghiém quan
trong nhat. Két qua nay cho phép két luan Pa
tric do Viét Nam ché tao hoan toan du diéu kién
dé thay thé cac thiét bi ngoai nhap trong cong
tac kiém tra, d4nh gia chét lugng thudc phong
tai Viét Nam.

4. KET LUAN

Nghién ctru da xay dung thanh cong
quy trinh thiét ké va ché tao cam bién ap suét
mang kim loai gian tiép st dung co ciu can
bang luc khi nén sir dung trong t6 hop LAVA.
Trén co sé miu da tric gc ciia LB Nga, nhém
nghién ctru da xac dinh chinh xé4c cdu trac hinh
hoc, phan tich vat li¢u va phat trién cong ngh¢
ché tao mang cam bién tir hop kim Ni36CrTiAl
v6i chiéu day 0,08 mm. Viée két hop mang hop
kim Elinvar v6i vo thép khong gi 08Cr18Nil0
va cong nghé han laser vong kin di tao ra cu
tric da tric c6 dd kin khi va do 6n dinh cao.

Két qua thir nghiém trén 70 mau cam
bién cho thay do suy giam ap suét sau 24 gio
ludn nam trong gidi han cho phép (7 mmHg),
chirng to tinh toan ven cua hé kin va chét luong
mdi han. Sai léch giira ap suat do duogc va gia
tri tinh toan 1y thuyét tai 125 °C dao dong tir
-7,0 dén +6,8 mmHg, twong duong do chinh
xac khoang 0,35 %FS trong dai do 0 - 2000
mmHg. Cac thir nghiém do ap suét hoi bio hoa
clia nudc cit trong khoang 60 - 90 °C ciing
cho két qua phu hop véi gia tri nhiét dong hoc,
v6i sai 6 nho hon £7 mmHg. Thtr nghiém d6i
chtng trén 320 mau thudc phong cho thay két
qua phan cdp chat luong cua da tric noi dia
tuong duong véi san pham ctia Lién bang Nga
voi ty 1€ trung khop dat 96,9%.

Nhiing két qua nay ching minh da tric
¢6 kha ning 1am viéc 6n dinh trong méi trudng
nhiét d6 cao dén 150 °C, dong thoi khang dinh
d6 6n dinh ciia cong nghé ché tao mang gan
hop kim Ni36CrTiAl va cong ngh¢ han kin.
Nghién ctru khong chi gop phan lam chu cong
ngh¢ ché tao da tric ma con tao co s& cho viée
no6i dia hoa T6 hop LAVA va cac thiét bi do ap
suét chinh x4c trong cac hé thong phén tich hoa
- nhiét va thir nghiém vat liéu no.
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