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< klZlv_ ijb\_^_gu aZ^Zqb, dhlhju_ j_rZebkv ijb kha^Zgbb f_lh^bdb

hij_^_e_gby ljb[heh]bq_kdbo oZjZdl_jbklbd kfZahqguo fZl_jbZeh\ k

bkihevah\Zgb_f jhlZpbhggh]h j_hf_ljZ TA Instruments Discovery DHR-2.

<u[jZgZ kbkl_fZ dhglZdlguo ih\_joghkl_c, bkihevam_fZy ^ey bkke_^h\Zgby

kfZahd. Hij_^_e_gu iZjZf_lju wdki_jbf_glh\ ih bkke_^h\Zgbx k\hckl\

kfZahqguo fZl_jbZeh\ \ mkeh\byo oheh^ghc ijhdZldb. F_lh^bdZ

hij_^_e_gby oZjZdl_jbklbd kfZahqguo fZl_jbZeh\ Zijh[bjh\ZgZ gZ lj_o

kfZadZo, bkihevam_fuo gZ ijhba\h^kl\_ :H QFA: kfZad_ �1 – Co Khem,

kfZad_ �2, kh^_j`Zs_c dZklhjh\h_ fZkeh, lZevd, kl_deh b kfZad_ �3 –

Zariten. IhdZaZgh, qlh gZ ijhdZldZo, ij_^r_kl\mxsbo nbgbrghc hi_jZpbb,

p_e_khh[jZagh ijbf_g_gb_ kfZahd �2 b �3. GZ nbgbrghc hi_jZpbb

ijhdZldb p_e_khh[jZagh ijbf_g_gb_ kfZahd �1 b �3.

Dexq_\u_ keh\Z: ljb[heh]by, j_hf_lj, dhwnnbpb_gl lj_gby, oheh^gZy ijhdZldZ, kfZahqgu_

fZl_jbZeu.

METHODOLOGY FOR DETERMINING TRIBOLOGICAL CHARACTERISTICS

OF LUBRICANTS USED IN COLD PILGER ROLLING

N.A. Matyushkin, K.V. Ozhmegov, A.S. Zavodchikov

JSC A.A. Bochvar High-Technology Research Institute of Inorganic Materials, Moscow

The article presents the tasks that were being solved during the creation of a

methodology for determining the tribological characteristics of lubricants using a

rotary rheometer TA Instruments Discovery DHR-2. The contact surfaces systems

used in the lubricant studies were selected. The parameters of experiments on the

study of the properties of lubricants in cold pilger rolling conditions were

determined. The measurement procedure for the determination of lubricant’s

characteristics was tested on three lubricants used at JSC CHMZ:  number one

(Co Chem), number two lubricant containing castor oil, talc and glass and number

three (Zariten). It was shown that the usage of number two and number three

lubricants during the rolling operations preceding the finishing operation is

advisable. During the final rolling operation, it is advisable to use number one and

number three lubricants.
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LZ[ebpZ 1

Hkgh\gu_ l_ogbq_kdb_ oZjZdl_jbklbdb j_hf_ljZ TA Instruments Discovery DHR-2

GZbf_gh\Zgb_ AgZq_gb_

FbgbfZevguc djmlysbc fhf_gl, gG·f 2

FZdkbfZevguc djmlysbc fhf_gl, fG·f 200

JZaj_r_gb_ ih djmlys_fm fhf_glm, gG·f 0,1

>bZiZahg m]eh\uo kdhjhkl_c, jZ^/c 0 – 300

>bZiZahg qZklhl, =p 1×10-7 – 100

JZaj_r_gb_ ih kf_s_gbx, gjZ^ 10

RZ]h\h_ baf_g_gb_ kdhjhklb, fk 5

RZ]h\h_ baf_g_gb_ gZ]jmadb, fk 15

GhjfZevgh_/ZdkbZevgh_ mkbeb_, G 0,005 – 50

Qm\kl\bl_evghklv ^ZlqbdZ ghjfZevgh]h mkbeby, G 0,005

>bZiZahg l_fi_jZlmj, °K
20 – 600 – ieblZ – ieblZ

20 – 350 – ljb[heh]bq_kdZy kbkl_fZ

>ey bkke_^h\Zgby kfZahqguo fZl_jbZeh\ [ueZ jZajZ[hlZgZ f_lh^bdZ hij_^_e_gby

ljb[heh]bq_kdbo oZjZdl_jbklbd kfZahqguo fZl_jbZeh\. Ijb jZajZ[hld_ wlhc f_lh^bdb

j_rZebkv ke_^mxsb_ aZ^Zqb:

– \u[hj kbkl_fu dhglZdlguo ih\_joghkl_c;

– hij_^_e_gb_ qbkeh\uo agZq_gbc iZjZf_ljh\ wdki_jbf_glh\ ih bkke_^h\Zgbx

k\hckl\ kfZahqguo fZl_jbZeh\.

J_hf_lj TA Instruments Discovery DHR-2 iha\hey_l jZ[hlZlv k q_lujvfy

kbkl_fZfb dhglZdlguo ih\_joghkl_c, bah[jZ`_ggufb gZ jbk. 2.

Jbk. 2. Kbkl_fu dhglZdlguo ih\_joghkl_c: Z) – rZj gZ lj_o ieblZo;

[) – rZj gZ lj_o rZjZo; \) – ljb rZjZ gZ iebl_; ]) – dhevph gZ iebl_

AZ hkgh\m f_lh^bdb hij_^_e_gby ljb[heh]bq_kdbo oZjZdl_jbklbd kfZahqguo

fZl_jbZeh\ [ue \ayl =HKL 9490-75 «F_lh^ hij_^_e_gby ljb[heh]bq_kdbo

oZjZdl_jbklbd gZ q_luj_orZjbdh\hc fZrbg_», kh]eZkgh dhlhjhfm [ueZ \u[jZgZ
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kbkl_fZ dhglZdlguo ih\_joghkl_c – rZj gZ lj_o rZjZo. Dhwnnbpb_gl lj_gby ijb

ijbf_g_gbb ^Zgghc kbkl_fu gZ jhlZpbhgghf j_hf_lj_ hij_^_ey_lky ih nhjfme_:

J =
5,8<76®Q

p®JJ
, (1)

]^_ � – dhwnnbpb_gl lj_gby; F – djmlysbc fhf_gl, G·f; r – jZ^bmk kn_ju, f;

FN – hk_\Zy kbeZ, G.

J_hf_lj TA Instruments Discovery DHR-2 iha\hey_l ijh\h^blv wdki_jbf_glu ^\mo

lbih\:

– 1 lbi: bkke_^h\Zgb_ \ebygby kdhjhklb (k^\b]Z, m]eh\hc kdhjhklb), ^Z\e_gby,

djmlys_]h fhf_glZ gZ dhwnnbpb_gl lj_gby, \yadhklv ijb aZ^Zgghc l_fi_jZlmj_;

– 2 lbi: bkke_^h\Zgb_ \ebygby l_fi_jZlmju gZ dhwnnbpb_gl lj_gby, \yadhklv ijb

aZ^Zgguo kdhjhklyo, ^Z\e_gbb, djmlys_f fhf_gl_.

Hkgh\gu_ iZjZf_lju, agZq_gby dhlhjuo \u[bjZxlky ^ey ijh\_^_gby wlbo lbih\

wdki_jbf_glh\, ijb\_^_gu gZ jbk. 3.

Jbk. 3. Hkgh\gu_ iZjZf_lju wdki_jbf_glh\ ih bkke_^h\Zgbx k\hckl\ kfZahqguo fZl_jbZeh\:

Z) – 1 lbi wdki_jbf_glZ; [) – 2 lbi wdki_jbf_glZ

Bkoh^gu_ ^Zggu_ ^ey bkke_^h\Zgby kfZahqguo fZl_jbZeh\ hij_^_eyxlky gZ

hkgh\_ j_`bfZ oheh^ghc ijhdZldb ih ke_^mxsbf nhjfmeZf [1]:

X =
l®j,

8,<®j-
, (2)

]^_ & – m]eh\Zy kdhjhklv, jZ^/k; l0 – oh^ de_lb, ff; n – qbkeh ^\hcguo oh^h\ de_lb,

fbg-1; l1 – ^ebgZ ebgbb khijbdhkgh\_gby rZjh\, ff.

l1 = 6 ® N ® r, (3)
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]^_ l1 – ^ebgZ ebgbb khijbdhkgh\_gby rZjh\, ff; r – jZ^bmk hdjm`ghklb

khijbdhkgh\_gby rZjh\, ff.

¿tn = D ® T ®
�

a®¡
, (4)

]^_ ûtp – ih\ur_gb_ l_fi_jZlmju \h \j_fy ieZklbq_kdhc ^_nhjfZpbb,

°K; � = 0,80…0,90 – ^hey l_ieZ, hklZxsZyky \ l_e_; L – bgl_gkb\ghklv dZkZl_evguo

gZijy`_gbc, IZ; � – kl_i_gv ^_nhjfZpbb k^\b]Z; k – m^_evgZy l_ieh_fdhklv,

>`/(d]·°K); ! – iehlghklv, d]/f3.

P= F® Pq, (5)

]^_ P – ghjfZevgh_ mkbeb_ ijb bkiulZgbb, G; F – iehsZ^v dhglZdlZ ijb bkiulZgbb, f2;

1s – khijhlb\e_gb_ ^_nhjfZpbb ijhdZlu\Z_fh]h f_lZeeZ k mq_lhf ¿tL, IZ.

Ih nhjfmeZf (2)-(5) [ueb hij_^_e_gu ^ey ^\mo lbih\ wdki_jbf_glh\ qbkeh\u_

agZq_gby iZjZf_ljh\, dhlhju_ ijb\_^_gu \ lZ[e. 2 b 3.

LZ[ebpZ 2

IZjZf_lju ^ey wdki_jbf_glh\ 1 lbiZ

IZjZf_lj AgZq_gb_

M]eh\Zy kdhjhklv 1,0 – 300,0 jZ^/k

Dhebq_kl\h lhq_d 30

<j_fy mjZ\gh\_rb\Zgby 5,0 k

<j_fy mkj_^g_gby 20,0 k

KbeZ gZ]jmadb 6 G

L_fi_jZlmjZ 20,0 °K; 50,0 °K; 100,0 °K

LZ[ebpZ 3

IZjZf_lju ^ey wdki_jbf_glh\ 2 lbiZ

IZjZf_lj AgZq_gb_

GZqZevgZy l_fi_jZlmjZ 20 °K

Dhg_qgZy l_fi_jZlmjZ 100 °K

Kdhjhklv gZ]j_\Z 7 °K/fbg

<j_fy iZmau f_`^m gZ]j_\Zfb 10 k

M]eh\Zy kdhjhklv 200 jZ^/k

Bgl_j\Ze \u[hjdb 10 k

KbeZ gZ]jmadb 6 G
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Wdki_jbf_glu ijh\h^ylky k bkihevah\Zgb_f kbkl_fu dhglZdlguo ih\_joghkl_c –

rZj gZ lj_o rZjZo. IZjZf_lju wdki_jbf_glh\ (m]eh\Zy kdhjhklv, l_fi_jZlmjZ,

gZ]jmadZ) hij_^_e_gu gZ hkgh\_ j_`bfZ oheh^ghc ijhdZldb.

F_lh^bdZ ijh\_^_gby ijh\_jhqguo bkiulZgbc [ueZ Zijh[bjh\ZgZ gZ lj_o

kfZadZo, bkihevam_fuo gZ ijhba\h^kl\_: Co Chem kfZad_, kh^_j`Zs_c dZklhjh\h_

fZkeh, lZevd, kl_deh b Zariten.

GZ ijhdZldZo, ij_^r_kl\mxsbo nbgbrghc hi_jZpbb, l_fi_jZlmjZ \ hqZ]_

^_nhjfZpbb fh`_l ^hklb]Zlv 100 °K. DZd ihdZaZeb ijh\_^_ggu_ bkiulZgby, \ wlbo

mkeh\byo p_e_khh[jZagh ijbf_g_gb_ kfZadb Zariten b kfZadb, kh^_j`Zs_c dZklhjh\h_

fZkeh, lZevd, kl_deh, lZd dZd wlb kfZadb ihdZau\Zxl klZ[bevgu_ k\hckl\Z ijb ^Zgghc

l_fi_jZlmj_. GZ nbgbrghc hi_jZpbb ijhdZldb l_fi_jZlmjZ \ hqZ]_ ^_nhjfZpbb g_

ij_\urZ_l 90 °K. Ijh\_^_ggu_ bkiulZgby ihdZaZeb, qlh \ wlbo mkeh\byo p_e_khh[jZa-

gh ijbf_g_gb_ kfZahd Co Chem b Zariten, dhlhju_ iha\heyxl mf_gvrblv dhwnnbpb_gl

lj_gby ijb ^Zgghc l_fi_jZlmj_.
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