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Experiment research on dynamic transmission efficiency of double nut ball
screw pair under different load conditions

Pan Chengying', Zu Li'
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract : In engineering, the inclined plane model is generally used to calculate the transmission efficiency of the ball screw pair, which
cannot reflect the influence of load on the transmission efficiency, and there is lack of experiment verification. Therefore, it is necessary
to study the transmission efficiency of the ball screw pair under different loads. Starting from the force analysis of the screw, considering
the contact deformation, merging the structural parameters and the actual working conditions, proposes a transmission efficiency
calculation model. In order to verify the effectiveness of the transmission efficiency calculation model, a transmission efficiency test
bench for the screw pair was developed, and the transmission efficiency test of a 4010 type double-nut ball screw pair was carried out.
The results show that: The calculated value of the transmission efficiency model and the measured value of the test both increase with the
increase of the load, and finally tend to be stable. The transmission efficiency calculation model can more accurately calculate the
efficiency value of the ball screw pair under different loads. Compared with currently used calculation formula for engineering type
selection, the proposed model possesses stronger scientificalness. In actual engineering type selection design, the transmission efficiency
calculation model can be used to effectively estimate the efficiency according to the load conditions.

Keywords : ball screw pair; transmission efficiency; inclined plane model; load condition

ik 90% ,HERZ AR 9 B E S B 30 E, & SRR
AR BEAS S 22 AT R TR T, 22 KT B 8RR AR W TR BR AR 1R
TE B LA™ AR I ARG R TR TR 50

RIRZALRE SRR BTN AL S RE M EH S kR ke s B /D Pk A b TR BE 1T
o HAET AR R AN IR ZALRI A ShA0R ot RS TR Bk AT B A% S0, 4 T S e 22 KT 1 14 P

0 35l

i

e H 9. 2020-09-09 Received Date: 2020-09-09
# BL AT H | FE R H R T (20182X04039001 ) Bt B



100 U #H £ ¥ W

SRR AL SRR 0 A R

ETHRGERER AT AL SRR Tk, AL 3k
RGP REAC, P, X T 454 R
JEE 8% 2R MO 5 (Y TR R 22 KR, HAL S RCR BN 2 (. AR
7, ELA AT 2 R BR 22 K18 1) A% 3l 80 3R 52 b 1 281
SEIR , Lin 55 ARG A4 002 2l 5 R Ui e 1R
PRI R ShRA T 3 o3 B IRE A A fik £ 5 TR PR 22
FLRIE SIBCR I AR 4R B T 22T R A B 0% I ot
SFUUHE Lin SBFSE A 3ERE I BEXE R SRR BR 22 4T R
I FTREP A R 5 AT T R S EE S R B R R TR
PREZATRIL ShACR A THE R, P 1 5 A R fil £
XHE SRR, FEAT 100 00 AR L e TSR, ol
B AEHAEOE SOP ST TRAS SRAF T IVR Bk 22 RT3 ik
FRPE  RRR PRAETRAE 1032 Bl 1% D02 He /N 4 1 b i |
(i 3l AT 32 10 hr e T IRERZZATRI A U R
A PRI HRER B A SRR R AL T R BR 22 AT R 1Y
B EEL, R 2R, HIF B BRI 8, Zhou
AU 2 W T 1) s I TR R TR R 24T R A5 Bl
TR, DU R BESE 0 0 B 3805 T S R BR 22 AT R 1) BE 4%
JIE IFAE A Lin 555G T U5 1) B0 7 A2 19 1) FEAT HH TR Bk
LZFLRIA AT I AT TIRIRZAL R SR S
TR R AR (AR 25 R 5 BIe 4 IR E R,
Wie % TV HFTE T VR PR 2 AT R S 80 (IR NE 1 ful A P
BEAF) X TR R Z AL BAL Sh ORI SE i, B R E
RZJRBRT 22 KR 2540 2 20 (IR Sy 2l ) x4 2l
BRI SR, S B 7 28 T 0 X £ Bl kR B ) 1 B 5

B R TR 14 2 R 3 8 e, TG VA A B S B 97
BT U 22K R 9 1 Zh a8, 31 25 18 00 8080 T ) 28
TR FEI R 22 AT R B S L SR &, T R AR
TR TALA RIS I e S B S HE AT X L, 42
T 52 IR DR A5 R Sl R P, S8 970 o0 2l 25 4% sk
IR

1 EEHRREBRSHT

1.1 WEBEHRHFLITEZ S

WNE 1 B, BB RE TR Bk 22 4T B 705 1 KRy
F, B3R F ERR B2 5 A FUEEE B R 3 1% 1) 2%
Ty BIA F, F,  WANERE )52 ) K AR Bis | BEEE A Fl
W2EE B p 928 F ~F, F,~F, W& S5m0 F e
WMFRRY,

F=F, -F -(F,-F)=F, - F, (1)

TRIR AT RIFE IS S A rh ) 2R A F bt Jon e BB
R TR 2 S, 2R A e ROV T, S 42T
PR Bl ] SP-A C R 0

1 SRR R ZZ LRI 32 150 b

Fig.1 Force analysis of double nut ball screw pair
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Fig.2 Contact deformation of ball screw pair
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Fig.3 Schematic of screw transmission process
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Table 1 Parameters of 4010 type double nut ball screw pair

ZH (=8 Hfy
RHER 3.175 mm
R 3.302 mm
FRAAR 20 mm

BETE £ 4.55 (*)
FEfb 45 (*)

SR 10 mm

[ENER 5x1 /

Ty 2000 N
)3 62 HRC

NEL/N 0.3 /
17Ny 2.07x10° MPa

T 4010 BUR B} VR BR 22 4T R 76 R 6] T80~ 1 4% 8
WO AREBEE R BN 0.002 ~0. 009 (] F i 17 BUE TG
Bl BUf 3k F=500x0 N,x i FHAREHCT 2 3-8 iU
S A SEPR A2, HHRESRINE 2 Fis,

2 H 4010 BURHEVR BR 22 AT AL sh s Rt B,
&l 4 JIt7R R 4010 SR BE TR 2R 22 AT RIlA% sh %R B £ 2880
FERE R BB B, 45638 2 AL 4, 0] 1. 1) IR 3k
LRI AL SRR I 25 Tk B3 i 3 i, & T
FE, DR X TIREE B R, WU A28 A0 T A
S, M AR N 18 B VR BR S VR TE 2 A) 4 fih 2k
fof IO/, HL 7= A 1) R A BEL ) 2 s/ ), DR T A 3l
SRR ; 240 BB N F] — 2 AR EE R SR EE B 7R AZ
A TRERAT I O, B8 B B A IR, 77 A6 A9 EE 482 0 R U
INB— B FR AR EAR AR SRR TR ;2) L sheR
VA 55 B 4 22 8801 3 BBUAT O, A% Bl 8 o B 4 P R Y
BTN, R Ok BE A R BOBR A | VR BRAE VR T8 v 1) JEE 5

R2 4010 SR ELRERLATRIESI R ITHIEBIEE
Table 2 Transmission efficiency calculated theoretical

value of 4010 type double nut ball screw pair
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Fig.4 The relationship between theoretical calculation

efficiency and load, friction coefficient
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Fig. 6 The dynamic transmission efficiency test

bench of screw pair
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Table 3 Transmission efficiency test data of 4010 type

double nut ball screw pair
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Table 4 Repeatability of transmission efficiency data of

4010 type double nut ball screw pair from manufacturer A
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Table 5 Transmission efficiency test data of

4010 type double nut ball screw pair

Hi#/N AT FAETRE/ % B | RAGENRURE/ %
500 50. 488 52.625
1000 63.527 64. 260
1500 67. 440 70. 020
2 000 72. 630 74. 070
2500 75. 470 76. 740
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3 500 79. 205 80. 590
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Fig.9 Measured efficiency curve of 4010 type double

nut ball screw pair in the test
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Fig. 11  Comparison between the actual neasured value

in the test and the efficiency model in reference [ 5 ]
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