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The Influence of Rheological Properties of Hydraulic Oil on Servo Performance in
Low-temperature Environment

TIAN Yanbin, XIE Xin, SUN Ting, WANG Jin
Shijiazhuang Haishan Industrial Development Company, Shijiazhuang, Hebei, 053000, China

Abstract: With the continuous development of national defense, aviation, and polar engineering construction fields, the requirements
for the stability and response accuracy of servo systems are becoming increasingly high. Under low temperature conditions, the
rheological properties of hydraulic oil directly affect the performance of servo motors. Hydraulic oil is a key substance used in the
servo transmission system to transmit power and control signals. When the temperature decreases, the viscosity and flow capacity of
hydraulic oil will change, which will interfere with the system's starting speed, response sensitivity, and control accuracy. A specialized
study was conducted on the rheological behavior of hydraulic oil under low-temperature conditions. Detailed analysis was carried out
using experimental measurements and theoretical calculations to determine the viscosity, flow conditions, and shear strength of
hydraulic oil in low-temperature environments. At the same time, how these changes affect the dynamic response and stability control
of servos was explored. As the temperature continues to decrease, the viscosity of hydraulic oil will become higher, and the resistance
encountered during flow will gradually increase. This will cause the starting speed of the hydraulic transmission system to slow down,
the response to be less rapid, and the errors in control to increase. At the same time, the vibration phenomenon may become abnormal,
which will seriously damage the efficiency and stability of the servo. During the research process, it was also found that if some
improvement measures were taken to optimize the chemical formula of hydraulic oil or strengthen the temperature management
technology of the system, the negative effects caused by changes in rheological properties could be effectively reduced, making the
servo performance better in extremely cold weather. The results of this study can provide important theoretical support and practical
reference opinions for the design and practical application of hydraulic systems in extreme cold environments, and also help improve
the overall performance of servos, ensuring the safe and reliable operation of the entire system, demonstrating significant engineering
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practical value and promotion potential.

Keywords: low temperature environment; hydraulic oil; rheological properties; servo performance; dynamic response

515

FEFERT A LR AR s TR JE AT AR i A L 1
FERLAR S8 AR W5 5 22 R PAAT B » e e P S5 o i P
PR e EIRRE B RGURE T 1L W] 52 AR WU
FERLAL o e B AR5 5 (M SR T, TR BRI %,
ot 1R JEE R Sk P S 2 HE AR K e, TR AR A W S 52
BUREHLI TAR R i B F BIRAR M, 730 i 1) 3
FABESE IR %, Vishik FEAR ARG, T ENENLE SR 1545
PRI, N d RE ARG, 1] LA 2 A L, AE—
SESEIO Bl T DA RENSTE R BIX L R L. FoltJ LA, A
KW FETT 8] DA 223 R TSN 07 ST S0 b sz s
S0 g Aot 2R AT 428 S ek R R P AR A A, (EL
RIATHERAFAE RS R 1T AN R L T 7 A LA B
I, Pt AT T2 5 B 2 1 WAV A 85 81 e ] e 2 v s
T AR A 5T () A4 T R« X ORI S A S L
B HE T PR BCRITRE, VEARIIE 10 AL 25 A I
IR OU T BRI L sl DRig LA BY D) 9 X 8 B K
I HIRN TG X LA AN 21 J B A 5 W AT AL PR P 2 g
PR R AR R o XU T AR B R 7 3, SER A8
P K DA K AR AR Y g S G R LA T T T4
S, H RS T R S PR T T LR S B R B
I P42 ) SR 3R A A T B (0 B AR AR < Sl A Al A
I 20 5 L T VR o 2 52 A A AR X AR ATL S s A 1k
REIE IR R, TR SC R Ay B DR R NEATL 28 4 1o X il o %
95 RGBT AR A S bR A A i R S A I S R
SCRE, NTTBE A R R A G DL T RS 1T R,
I B4 52 b TRESR AT S 4 S I HL2% By S it F) o i o L
M T7 %

1 RIRIME SR E R E AR

1.1 REMR R

VRO itk A R A 8 2R 3¢ L T I AR R
G DA% BE R SR ORI 1F O HL 5 ez s 5 R s e
55, WAL B HE B RGN TAR MR RS E R -
MR F 22T 1 R 3 A, s ik PR A2 R B e A B ek
Tor T AR L T BRI B AR RS2 0K
AR B )T FEE PR T DR 3R I (R SO PR 45 R o KGR W
AR I SR B S RENS S i N 8 7)1
Z IRV BEGE P A BB R o R R A i, R YRR
W 81 A 128 ) RO A I, ) I 2 R e B R e A AT

100

2 [B) PR JBE PR AT AR B R 3 ORI 4R

A0 TR B A AR B R4, Y RS TR PR R R
GE B T AN DG ) IR R, U A T
Z RIS BN RE ) T, SrF Z IR BIVE kg, 5250
TORGFE B v, SRR B B T3S K o VR e BY AR
F N BIAR T e 0 [RIRE 23 5 A 238, s iy s o el e i A 1
R RS B PR MU R FEE o AR i ) 2 R P P A R B B
(IR IR T 5 R I HHORS FE BB B D) T A R R, T
s B CR7IE iR I 2 7] By Eiaf v R Y W b i 5 e
AL 1 H IR RGNS AT BUR IR E 1, ST TR
TEAH W 7L AR AT SO T

1.2 [RIBEHTYMHTTE

WUE MRS, WHEME RS R4 B AR1L,
AL T EERIAEREFE . BB DL S ARE AR ORI
VB & X LA 7 T IR R DUS , 23T 1iE 3
DRGNS, T Z MM EAER I ESERE L, X
FERL S BOREERG N . REREAS & LS, I 0 &30 4 2
TP 10 JBE 2 7 4 788 K, T 4 7% L 5 ) 1) Rl A 368 1) 0 A 3
DRI o 2018 B AR I O 23 B B8, Wk
B BRI 2 5 0, 3 PG 190 5 B 3 RS 2R 7Y T 1
DL AR 58 B B S AR5 1k 11 i) . B B YRR IR A% 1F
TBSIE N, BARX A I EARIRK, HEIERE
g, RAES SHMEMERFREGE K, &
A RN RIS ATIRE KA R o R AR R IR 85
T IIFRREIK RE 122255, X FE b AR B AR R R R 4t
P8 S 0 PR RS A R 42 i Sk B K IR AN R s i 4 PR o FE IR
TRAE T SCE, 2 B8 R M AEREHL R G dE AT g
AR T, B X B RE I PR JB0E il — 52 1 AT
(7] B, 2 0 2 A 5 (R A A 0 7 A AR, X6 ) A 2
RIS AL LA RS, I B REARAEHL AR RS I FR
PR 6 7T DA 503 2 A IR AR R BE T MEAL B AR 1 e T P —
AN SRR SR o AT AR 50U I ZE AR IR AR A R R B 5 A
e, XETIRFHEHL R G AT M B AR R E L

2 et MaeRBER

2.1 ReM SR BN NI IE

RENLE T EEE ) Bl , FA IR s AR A 5
L F e TR RGNIZAT ORI E FERE . e iE
T AR AL B SRS A DA S T A, )
FEARBNHR 4 78 21 R AR ) IR, KSR IR I B

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



BIREETT RN - 2026559 4555
Smart City Application.2026, 9(5)

6* VISER

FERSCILIRA it o WS AR A I I s 2 Ji . AU
TECRF I 7 REfanis 2 IRB AR A, SKEh A FHE 3 AL AL
WA, TSR SE BONE T e Sh R A o S5t 4 b A AR FE A i
LERBIEARSS, EE AR IRA R BUSE I 5 B REAT B, M
M HETH AR GE TARRLER , XA A THE RS 1 2 W Sl S i 21 8
WURR) S N0 3 FE DL R P2 RS AR L

RERLI B /0 B B 3 BAR G I i s ok SE BT, W
JHH 368 T 3 PR S R AL S R 7 R i IR R 6 R RE R 11
it WK RGAEISAT %, FARIREFIRERE . Fahhe
T3 VA K BT UVREAE B R B2 B RS0 B 9K B ) A% 8 R
AIPAT B R S B BE o S SR IB BRI I, I8 I FO 3
R RABHRE, KA th e MBAPE L, i
S IE RIS = AW N, & S BURHL™ L K 3RS0 7
SR, SRR N TR ARG RS . AL 0T
REAMAUHRA S5 AT A3l 0 e i) T 3, 3 B 531 5%
VEVRE i F AR RS PR ORI, A SRR RE LE 50 & A - Al
BRI T R EIZAT

2.2 MEESHEMNER

FEALIR G R 2 W Sk 5 i BE A AR G0 08 3 SR AR AR A B
FIBFIT YN RS SR BAS, LSO AR 45 M
PR R AR ARE RE D DURARSTAME
THIIBE T8I o S L P PR LA 15 S B il 8
BUSEPR I AR N1 B 7 BAE B (VI R R, B TR 15 ) 2R
G (¥ SN 42 1) B8 7B » PR B B v 2 T ME ML ARAT 4
SESERS BE R IE BIR & MAERARE L, IXAN R I 22 B 5)
A GERIAIE RIS 5 10T 1) BAR R DU B S BT 2 2R
2 MR R ILFE - R R/ IR R A R 2% AR
FATT, REMLAESS R IE W TAER) 22 e vu i, BAA BRI
JERFPE L PRSI AN R G IR 2 0V B S5 0 T
BT HAE I 5R 59 2 T RGN & T AAE DU, GEAS IR 4T
HBARAHR B AMB A AT, RIS RESERENLE BERFRAE
R R IIBE RN, JEHREAERFF AR A I 5, IX A
RE AT IO ELEL . AR AR %, VB0 i )AL s P 2 22
FHRZE, SEARGASN RNALE . R T R, JFH
A RES I AIRBIRFE A A TR, TRl AR T A 0 3t Pl i
APPBRZEEIBEREIR, A BEA R THRENL I AR TERE KT

3 RIE TREMREITA

3.1 MESRHMEEE

IR IASF AL WU I FRORS FE AR B 32 FIR KT, X
& PRUOA U it 7 T SR AEARIRAR S T A2 B 3R, JL
PAFIE T R RGO T Z R AR AR S 2
Ao, 3 EUMR KR A WG N, S — R A U 3

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

KAR I QAR BE AR SE FRAR, AE IR M T, 01 18]
(RIRE B RE P 22 2215 AR 1 S TR R BY DI AR IR 1A fig
JIWRARTE, SRR BRI R, RGBT R
ES RSt Al

B TR B, AN RIS (070 3ok £ 3 L AR A R B A
IR BERY R M ER R SRS SV AR B, AEARIR
AT REEEARARE I W, iR DRI 3K B A 14 701 45
FaRF s AN 22 18] AR LA T 5 AP AR KA [« B R
PERRAR, KL AT, JB A A &% mh U Hh P 5 A 1)
SRR, TR B I PR3 P 2 IR . X
PR DL 2 3 BOR S A% 3 2 G2 (10 8 18 AR IE A & )
FER, AR ROR BEAR, REEARBEAD RGU N TR
A1

TN L2t T B0 R 52 2 8T U1 0 RTIRR
ARV o AEIR BRI LU T, U i A A2
FRERBUAS R II, JCHRAE B VIR R I, i 2 B
HH AR G A R B, XA RS R BE A B AR i AL AN
FEE o ARIRIA NS IS JHhoRS BE RN E S0 Pk (12 AR ™ EE
X A B I RCR G AR T AR K PR 1 o IR IT FE s itk
IR 25 1T OB BEARL A A AR AR, 3 T B AE AL &
G R REA R OK R 3 B AN S B L 4

3.2 S SIRBIR

AR P58 2 0 V8 L T (KT B DR P 7 A B R A, R AR
R AL BY IS S A B )38 5 2 R AE — R AR 2R 1 fR Bk
R, XA SR EIME S FARRAET, Wkl
THIEBN S RIS, AR ORG A ) 22 K, IR
Stz MBS BT SEERHETE A R, WRBTY)
82 3 AT R SRR L PR Js R 7 s, S A PR 2 2 B
H— P A IR A, Al 2 LR s B A
IR RPN B, WU AT RE 2 AR BT UI RIS, 5
HBTPIRITEOL KGR 2 MBS B8, X R R
RGN B RE A% I 1 AN E 8 R Sl R {5 AN BT D) AR
MAREOLE AR, 5 5) e BB 28 4t 1 S L L AR
PR T, OF Bab ik RGIREN M B A1 S ™ & .
R EE N W I BT U R A4, O PR FIRENL ) &1
REANARE I8 AT [ — A EE B R, 2 SRIBCA 0 1 ) it
AN it RN LA R o

4 fetzh7SE N S5TEE MR

4.1 BEIETESIEHIRE

AR P B0 it ARl 18 e 7 2 W S AR D XA
P ELBRE M RIFEHL AR S 7 T PS8 A ) 8RR it PR RG B2
FEARIR AR AT T 2 AW LT, Jishin 38 21 (B8 ) th 2 18,

101



@ VISER

BIREETT RN - 2026 9% 5
Smart City Application.2026, 9(5)

P EOBUE AR G5 ShI 5 21 5 773245 5K U I TG
IRPUHERIE PR TARIRES, 5 5 R A aE AL f
TR IIEIR , FENLRIEIIER TR, BARR s R
AWUEF ARG o ARIEIAEE T, WS HR AR
TRAERAR KA, G B0 [ 7 73 A 2 H DL e 2R
0L, IXFERLLEREALAOFE IR P PR 2 o USRI R 4
T /N B AR, SN R RIS A T, AL B W E
I8 5 i 5 PR AL AR A B R ™ B YR T AR R B R 2 3
IRIR M, 7= A — LA RS S 1L, LEIR B T )
AFAE, IXFEFLFEAR T AN L BREAAE S5 10 RE ST, kA
HULE RIS A0 2 2 AR RAGAE R - Pl X L AR
DUINAE 2, AEAEHLIZAT AR AFRE, MELLH AL — 2L 5
B TARAESS 2R o A R R Ge2h R ML B FH A 58 5%
PEAS—HE, A6 Z0 A 1 3 A s A sk BE ) AP RER LS
S I 47 R R 22 T TR, 4% 3 53l (K M ZOR SRR X 2
I, DRUIE 2R S8 14 S B RENS 75 BUAR BT IO 1 O LR FFARUE
FEERPIRAS, R BRATURI 2K o

4.2 RS S5ETIE

IR LN ZR S8 AL IR B0 RF s AN 1 ROR 2 21
YRS eh AT A 5 L A D S B D o B Y PR e o i
T SURISE N, 3 B GE A S s 70 3 A AN A O A
TN BUAEIR , XAt 51 & T RENLBl 1 RS AR LR R
Bl o FERG AR S IR DL 5 Y o AN B PR 58 Rl s 1 4%,
HY B S E SR LUK 2 IR R DL IR DL LRSI AE
WUBHAE RSB L, TRt 2 0 2 2R e K I [RDE B4 I ) g
FRH AR 57 B o WU I AE AR TR 0 T R B D) 1k
KRR, RN TSR BRI R B BARK, 2] 2
HOR 5y S T BUE, ARAMEORRFIIER I AE e TARIRAS . IR
HFFBAFER 5 5 RATER IR B IR, #—5 K
TR, X R AR E N DU R MAEILAIE R TAE . &
SRR I RTE WU it s R A S A IF HLEEfE AR
JEEA 1) T B Joles DG B SRR 28 G4k s AN 1 ROR R

AFUEZ, TR THREN LRI S R AT SR ARG P 3 -

5 HRiE
RIFFEAE ] T SRR AN B 1S 2 B PR 7 3, R

102

K2 T AR RSN Jrh 7 Sh A 1 ) ELAA S 0 o 5 T
AN B, VRS AR BE AR AR AR K, IR AR
A, BIYIRE S I TARR B B, IR LB 0 BB 3 30
JEALS RGN AR ARG, R BCREZE, K5
PRANER TG, RLIE R EALIBBRMG, #H TIEM
RORBAEA . AR R P REHL R IAER SO, B
FON GO AR 0 5 T BRI o R O BAR R
XECHR BT T — B SR T G T 1 B A T R i iR
TARAR TSR FR G0 R S L, X L i BR % 7 B i ZE A |
AL L] DA R ARt T AR 00 H R g o i, SEie
R REEAY 2, Bl R, #
W B BT SRR AE S A AR AR %A T e Bh A RIS
TR A AT, A — LA Em it . 54, K
S FH P B AR IR 23 AT AN 350 K PR 5 T ¥ 6 b 78 90
JEE], B TAEE A — LR R 2 Ak o TR SR
S SE MBI it RN 258 5 4 THT 23 BT % B AN [R] FR C 77 S
Iy J5 ] SRR A ARV ) AR ORI B4 5 E RS BE
AU 2 Fh LI U0 UE T B, AWl IR A T el
AR HEAR TSR, RN SIS iR BOR
Mg BALB ATV, i R KA T RN BAR
FRALIRA JIHISCHF, A B AR IRTE S B SEBR M A 2,
RE AR IAS B4 1) J R

[&3&3CH#k]
[11% B3R A7 48, 2 48, 4 8 8 T Ao o 1 o B 14 o B SR [9).9
7% #1,2022,37(1):57-60.
[2]% %74 3k & BA x| o B % B IR IE R E BB AL E R
] & A 51 5 % #F,2022,42(4):1-5.
Bl &, 2ED I EE,%. T2 ALK R E 508 5 %5
7 [J]. T HL1K,2021,52(2):79-84.
[4]x & B, Z 3 R, K% F R EmrFHEf RN aER
o 5 %5 $,2022,42(11):30-33.
[5]°1 A B 7 787 1 8 311 [ A7 B v R A T 5 [0]. 22 AL
##%,2021(3):63-65.
EH AN HiEE (1988—), B, Wik, AALHEA,
MERRE, NEKARERA LS.

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



