Nghién ciru khoa hoc cong nghé

NGHIEN CUU UNG DUNG MANG BOI TRON RAN POLYSILOXAN-
MoS, CHO VONG BI ROLE PHAN CU'C
MAY LAI TEN LUA 3M-24E

Nguyén Thi Hoai Phuong’, La Dirc Duong, Phan Thanh Xuan,
Nguyen Thi Phuong, Ninh Buc Ha

Tém tit: Mang béi tron rdn composite polysiloxane-MoS, dwoc nghién ciru bang ky
thudt nghién co hoc. Vat liéu composite duoc danh gia dac trung bdng k)? thudt SEM va
TGA. Hiéu qua cua mang boi tron ran trén co sé MoS, duoc danh gia bang thuc nghiém.
Két qua nghién citu cho thdy mang béi tron c6 moi quan hé giika sw thay doi hé so ma sdt
doi v6i hinh thdi va cdu triic bé mat. Kha nang boi tron ciia cdc chdt béi tron rdn trong
nghién citu nay co tac dung giam mai mon va do do kéo dai tuoi tho hoat dong cua cac chi
tiét kim logi da dwoe danh gid toan dién. Chdt béi tron trén co sé polysiloxan-MoS, 1am
gidm hé s6 ma sat va cdi thién dang ké kha ndng chdng mai mon.

Tir khoa: Ma sét; B6i tron rin; MoS,; Tén lira 3M-24E.
1. MO PAU

Mang béi tron ran duoc str dung cho cic may moc, thiét bi da dang trong nhleu may
bay va tén lira, thay thé vat liéu boi tron long hodc md theo phuong phap truyen thong
Ngoai tinh ning boi tron nhu cac loai vat lidu boi tron khac, mang boi tron ran con khic
phuc nhing han ché ciia ddu m& bdi tron nhu khong bi nhay véi birc xa, khoang nhiét do
lam viéc rong, khong chay lodng hodc kho nit khi chi tiét 1am viéc ¢ nhiét do cao [1-3].

Bo6i tron mang ran duoc hinh thanh nhd hdn hop cac thanh phan bao gom: chét boi
tron ran chit két dinh, cac phu gia va dung méi. Hop phan nay duoc lya chon dya trén
yéu cau boi tron cua vat liéu, vat liéu nén st dung bo1 tron, diéu kién 1am viéc cua chi
tiét boi tron, tinh twong hop giita cac thanh phan cua hé,... Chat két dinh thuong duoc
dung l1a epoxy, PU, PI, silicon,... [4-6]. Chat boi tron ran dugc lua chon 1a cac chit co
ciu trac 16p nhu MoS,, graphit... [2, 3, 7-10].

Cong nghe ché tao tén lira 1a mot trong nhimg cong nghé cao, doi hoi nhiéu yéu cau
khit khe khi thiét ké va ché tao. Do tin cay va tudi tho cac chi tiét ciia hop phan tén lira
hoat dong trong diéu kién khéc nghiét nhu moéi trudong xam thye, bién do dao dong nhiét
d6 rong, ap suit cao, tai trong 10n... luén duoc quan tim khi thiét ké ché tao. Viéc dam
bao va nang cao d chinh xéc, an toan va tudi tho ciia chi tiét lién quan dén van dé ma
sat, mon va boi tron (tribilogy). Vi thé, Iwa chon vat liéu boi tron dong vai tro quan trong
trong ché tao cac hop phan méay méc, thiét bi. Bai bao trinh bay két qua nghién ciru ché
tao hé bdi tron mang ran trén co s6 MoS; va polysiloxane va thir nghiém kha nang boi
tron cho vong bi role phan cuc may lai tén Ira 3M-24E.

2. THU'C NGHIEM

2.1. Hoa chit, trang thiét bi

Hoa chat: Polidimetylsiloxan E2502 cua hiang Dow Corning, Han Quéc c6 trong
luong phén tir My, ~ 20.000 (n~270); MoS; (>98%); Toluen; Axeton loai PA cua hang
Xilong, Trung Qudc.

Trang thiét bi: Thiét bj siéu am JY99-IIDN cia Trung Qudc; Tu sy Ketong 101 cua
Trung Quoc; Mo hinh role phan cuc trong may lai tén kra 3M-24E cua Vién Tén lira ché tao.
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Mau tao mang bdi tron ran dugc thiét 1ap tir don thanh phan c6 ty & quy theo khdi
luong nhu sau: 10% MoS,, 40% polysiloxane, 50% dung moi hon hop toluene:axetone
(1:1 vé thé tich). Hé duoc phoi tron dong nhat trén thiét bi nghién bi trong thoi gian 24 gio.
2.2. Panh gia dic trung tinh chit vat liéu
2.2.1. Danh gia dac trung cua mang boi tron

- Phan tich d6 bén nhiét ciia mang bang phuong phap phan tich nhiét vi sai trén may
NETZSCH STA tai Vién K¥ ’thuét Hoéba hoc, Pai hoc Bach khoa Ha Noi véi ché dd do:
trong moi trudng khong khi, toc do ting nhiét 10 °C/pht.

- Mau xac dinh chiéu day mang duogc chuan bi bing cach duc epoxy mau da phun phu
mang. Chi€u day cua mang boi tron ran dugc xac dinh bang phuong phap chup anh mat
cat cua mau sau khi tam thyc bang thi€t bi hién vi quang hoc Axiovert 40MAT (Carl
Zeiss, Duc) tai Vién Khoa hoc Vit li¢u, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Pé quan sat bé mit mang, ngudi ta st dung k¥ thuat chup anh hién vi dién tir quét
SEM trén thiét bi Emax Energy (Horiba) tai Trung tdm COMFA, Vién Khoa hoc Vat
liéu, Vién Han I[am Khoa hoc va Cong nghé Viét Nam.

2.2.2. Xac dinh h¢ s6 ma sdt va dé bén an mon

banh gia kha nang giam ma sat cua mang boi tron ran d6i véi cac chi tiét, thi nghiém
su dung dai lugng trung gian 1a goc truot cua mau ¢ va khong c6 mang. Tur goc truot co
thé gidn ti€p danh gia muc d§ gidm ma st cua vat licu.
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Hinh 1. M6 phong nguyén Iy thiét bi xdc dinh dé giam ma sdt.

Trong do, trong luc P =m. g (m 1a khéi luong vat mau; g 1a gia tc trong truong)
dugc phan thanh hai lyc thanh phan P, va P.

Pn=P.cosa=m.g.cosa va Py=P.sina=m.gsina

Phan luc phép tuyén N =— P ; Luc ma sat F = U N =— P

Mit phang nghiéng dé 1am thi nghiém duoc lam tir inox khong gi. Pat mau thép c6
mang boi tron ran 1én mat phang nghleng Thay d6i mat phiang nghiéng sao cho goc mo
dan trong khoang 0° < o < 90°. Khi miu bat dau truot, gitr nguyén do nghiéng va tién
hanh do goc. Mau thir c6 kich thudc 4 cm x 7 cm x 0,2 cm. Tao mang phu bang phuong
phap phun ap luc mét 16p. M3i thi nghiém dugc lap lai 3 lan va liy gi4 tri trung binh.
Déi chimg véi mau khong c6 mang boi tron. P suy giam hé sé ma sat duoc xac dinh
theo cong thuc:
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Hy Hy

sina,; sina,

Trong d6: pa, po lan luot 1a hé s6 ma sat truot cia mau d6i ching va mau co phu
mang boi tron; o, ap 13 goc truot twong tmg ctia mau dbi chimg va mau c6 phit mang
bdi tron.

Xac dinh tinh kha ning bao vé n mon ciia mang boi tron bang phép thir ngdm mau
thép khong va co6 phu mang boi tron trong dung dich mudi an NaCl 3,5%. Sau dinh ky
24 gid nhac méiu ra khoi dung dich, 1am khé bang gidy thdm va quan sat bé mat mau.
Tiép tuc ngdm mau néu khong phat hién thay vét gi. Ding thi nghiém khi bé mit miu
xuat hién vét gi hodc mang co hién tuong bong troc. Ghi lai s6 ngay thi nghiém két thic.
2.3. Thir nghiém trén chi tiét chiu ma sat trong t6 hop tén lira

Thir nghiém mang bdi tron rin cho vong bi ciia role phan cyc trong may lai tén lira
3M-24E thudc t6 hop tén lira URAN-E.
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Hinh 2. So @6 nguyén Iy hoat dong ciia mdy 1di tén lira 3M24E va mé hinh role phén cuc
trong may ldi tén lia 3M-24E.
Chi tiét dwoc tién hanh thir nghiém theo cac ché do sau:
+ May lai hoat dong trong hai truong hop: xung bac va xung sin.
+ Nhiét d9 tai vong bi role phan cuc ctia may lai: 260 + 300 °C.
+ Thoi gian hoat dong cua may lai: 5 phut.
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3. KET QUA VA THAO LUAN
3.1. DPic trung tinh chit vét liéu bdi tron mang rin
3.1.1. Tinh chdt nhiét ciia mang béi tron rin
Kiém tra do bén nhiét (ﬁuqc thuc hién béng ph~ép phan tich nhiét mau vt liéu trong moi
truong khong khi. Gian d6 phan tich nhiét ctia mau dugc ghi lai trén hinh 3 dudi day.
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Hinh 3. Gidn do phan tich nhiét ciia mau mang béi tron rdn trong kndng khi.

Trén gian d6 nhiét ciia mau mang boi tron, dya trén hé polisiloxan va MoS; cho thay
diém bat dau giam khoi luong dugc keo dai Ién dén nhiét d6 ~310 °C (phan tng polime
hoa) va phan tng chay bat dau xay ra ¢ nhi¢t d6 khoang 400 °C. Piéu nay cho thay,
MoS; c¢6 kha nang lam ting do bén nhiét cta polisiloxan trong hé tao mang. Nguyén
nhan cta hién twong nay c6 thé 1a do MoS, tao ra méi trudng axit nhe (pH = 5), lam
giam ndng d6 cta ion OH (tac nhén thiic diy phan mg dé polime hoa) co trong hé. Mt
Khac, nguyén tur oxy trong phan tir polysiloxan c6 do am dién cao (3,5) va con ca@p
electron chura tham gia vao viéc hinh thanh lién két. Nguyén tir oxy nay tao nén lién két
gid héa hoc véi nguyén tr Mo trong phan tr MoS,. D6 1a ly do tai sao mac du
polisiloxan duoc lwa chon lam chat két dinh chi bén dén nhiét d6 200 °C nhung mang boi
tron ran trén polysiloxane van c6 kha niang chiu duoc dén ~380 °C.

Tir khoang nhiét do 400-500 °C, miu mang boi tron rin giam khdi lugng dot ngot. O
khoang nhiét d nay khong chi phan tng oxy hoa polisiloxan xdy ra ma con c6 phan ung
oxy hda MoS; tao cac oxit cia molipden (MoO,, M0Os).

0 950 °C, khdi lugng mang boi tron rin con lai ~40%, nghia 1a mang van chua bi pha
hay hoan toan. Tuy nhién, & ~530 °C d6i voi mau mang béi tron rin (hinh 3) dd ¢6 phan
ung oxy hdéa MoS; ma san pham la cac oxit cua molipden, day la cac hop chét khong co
tinh nang boi tron. Chinh vi thé, hé tao mang boi tron ran nay ap dung dugc cho cac chi
tiét 1am viéc & nhiét do cho phép 1a <530 °C va téi wu 1a < 360 °C.

3.1.2. Pdc trung I6p mang béi tron rdn
Chiéu day mang va hinh thai bé mit ctia mang bdi tron ran duoc thé hién trén hinh 4
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dudi day cho thay chiéu day mang kha mong < 10 um véi kich thudc hat béi tron trung
binh MoS, khoang 4 um duoc tao mang lién két dic sit co cau trac dang 14 mong cho
phép tao bé mat phéng, tron va c6 kha nang chéng an mon, mai mon va gidm dugc ma
sat sinh ra trén bé mit vat liéu nén.

Hinh 4. Chzeu day va anh SEM cua mang boz tron rdn he polyszloxane MoSs.

3.2. Kha niing giam ma st va hiéu qua bao vé ciia mang béi tron rin
3.2.1. Kha ndng giam ma sdt ciia mang béi tron rdn

Dé danh gia kha ning giam ma sat cia miu di tao mang dwoc tién hanh nhu mé ta &
muc 2.2.2 d3 dé cap ¢ phan trén. Goc a do duoc tai thoi diém miu bt dau trugt trén
mat phiang nghiéng, gia tri goc cang nho thi kha nang giam ma st ciia mang cang cao.
Két qua thu dugc clia mau mang boi tron dugc hinh thanh trén nén kim loai véi gia tri
goc truot tuong tmg 13 o dat 15° so v&i nén vat liéu chua phi mang dat 42° Theo cong

thirc da dé xuat ap dung, do giam ma sat dugc so sanh twong tmg 1a: p, =
la U2 = 0,387 H1.

Diédu nay cho thiy, kha ning giam ma sat cia mang bdi tron h¢ polysiloxane-MoS;
cho nén vt liéu kim loai dat khoang 2,58 lan so v6i nén kim loai chua phi mang boi
tron ran.

Hl nghia

3.2.2. Hiéu qua bao vé an mon cua mang boi tron ran

Hinh 5. Mdu thir nghiém trieée ngdm, sau ngdm 14 ngay va 18 ngay.

Hi¢u qua bao v¢ vat liéu khoi qua trinh &n mon cho vat liéu dugc tién hanh bﬁng cach
ngadm mau vat liéu sau khi phu mang bdi tron ran trong dung dich NaCl 3,5% la dung
dich gia toc qua trinh an mon. Sau moi 24 gio, nhac mau ra khéi dung dich dé kiém tra
mang. Két qua dugc ghi nhéan tai hinh 5 dudi day cho thay bé mat mang dén thoi diém
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sau 14 ngay van khong bj thim udt, khong xuat hién gi, mang bdi tron bt dau phong rop
nhe. Dén thoi gian thir nghiém 13 18 ngay mang khong thdm u6t nhung da bi phong rop,
bong troc, xuat hién nhirng vét gi voi timg mang rong.

3.3. Thir nghiém trén chi tiét chju ma sat trong t6 hop tén lira

Két qua thir nghiém mang boi tron rin trén vong bi role phan cuc may 14i tén lira 3M-
24E cho thiy tac dung ciia mang bbi tron cho phép vong bi hoat dong tdt, dat cac théng
s6 k¥ thuat ciia may 14i sau:

- Do tré cua thiét bi t =30 ms;

- Thoi gian qua do t = 180 - 220 ms;

- Puong dic tinh cia qua trinh qua do thu duoc khong co tin hiéu nhiéu, khong co
dao dong va khong c6 qua chinh (A < 5%);

- D6 bén nhiét ciia mang bdi tron nam trong khoang nhiét d6 hoat dong ctia may lai:
260 + 300 °C;

- Thoi gian hiéu lyc ciia mang dép ing thoi gian hoat dong cua may lai: 5 phit;

- Role phén cuc cua may lai hoat dong tdt.

Két qua nay dugc danh gia d6i ching voi qua trinh hoat dong cua thiét bi trong diéu
kién khong st dung mang boi tron. Puong dic tinh caa thiét bi khi hoat dong khong co
mit ctia mang boi tron trong chi tiét vong bi thu duoc véi tin hiéu nhidu, qua chinh vuot
qua muc do cho phép (> 5%).

Véi két qua ndy mang boi tron ran hé polysiloxane-MoS, cho phép g dung cho
vong bi role phan cuc 1a chi tiét chiu ma sat & nhiét do cao trong thiét bi may lai tén ltra
3M-24E thudc tb hop tén Iura dbi hai URAN-E noi riéng va cac chi tiét chiu ma sat hoat
dong trong diéu kién khéc nghiét ctia cac to hop trang bi k¥ thuat quan sy khac. Mang
boi tron cho phép chi tiét chiu ma sat hoat dong trong khoang nhiét d6 260 + 300 °C va
thoi gian 1a 5 phut (thot gian 1am viée theo yéu cau ky thuat cua thiét bi) cho dudng dic
tinh 6n dinh trong qua trinh hoat dong.

4. KET LUAN

Hé tao mang bdi tron ran co thanh phan bao gém: 10% MoS,, 40% polysiloxane, 25%
toluen va 25% axeton da dugc phdi tron bang k§ thuat nghién co hoa hoc. Hat boi tron
MoS; duoc lya chon trong thanh phan hé c6 kich thudc hat khoang 4 pm tao dugc mang
c6 chiéu day du mong (<10 pm) va hinh thai bé mat phi hop (dang 14 xép sit chat) dap
g yéu cau boi tron va thiét ké cho cac chi tiét lam Viéc trong diéu kién khic nghiét vé
nhiét d6, 4p suat va tai trong 16n. Hé boi tron mang rin duoc thir nghiém trén vong bi
role phan cuc may lai tén lira 3M-24E cho thiy may lai hoat dong tbt, dic biét do tré caa
tin hiéu thap, dam bao tinh chinh xéc cho viéc truyén diéu khién.
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ABSTRACT

STUDY ON THE APPLICATION OF POLYSILOSANE-Mo0S2
FOR SOLID LUBRICANT FOR ROLLER BEARING
ON THE STEERING MACHINE OF 3M-24E ROCKET

In this study, polysiloxane-MoS, composite has been mixed by mechanical

grinding method. As-prepared composite materials were characterized by SEM,
and TGA techniques. The effectiveness of MoS,-based solid lubricants were
experimentally assessed. This research correlated the evolution of coefficient of
tribology to in-depth wear surface morphology and structure. The lubricating
potential of these solid lubricants to reduce wear and thereby extend the operation
life of rail components was comprehensively evaluated. The polysiloxane-MoS,-
based lubricant was able to reduce the coefficient of tribology and improve the
wear resistance considerably.

Keywords: Friction; Solid lubrication; MoS,; 3M-24E missile.
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