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STUDY ON MEASUREMENT OF YOUNG’S MODULUS OF
METAL WIRE BASED ON DRAINAGE METHOD

LI Zhongyu' CHENG Lin’
(' Qixin College; *College of Science, Zhejiang Sci-Tech University, Hangzhou, Zhejiang 310018)
Abstract Young’s modulus is an important mechanical parameter to describe the elastic de-
formation resistance of solid materials, and its accurate measurement is of great significance in
scientific research and technical application. Through in-depth research and practice, this
study improves and innovates on measuring instruments, replaces the optical lever method
commonly used in college physics experimental courses by drainage method to realizes indirect
measurement of metal wire drawing length variation. The experimental equipment of this de-
vice is simple in structure, convenient operation, cheap, not easy to be damaged, easy to disassem-
bly and assembly, accurate and stable reading, and has high promotion value. It is suitable for
students to carry out experimental research on the measurement of Young’s modulus of metal wire.
Key words Young’s modulus of wire; drainage method; successive differential method; small

changes

A FRABE AR i (A BB 9 — A+ 20 T 200 1
SRR MORHIR BT S TR AR B ) KN bR T
WK N LR N S e R WHESUE &R 22 A w32 2R Sh 5 i

b5 FEOAE R A AL, S b i s, 36

YR B 2021-08-31; B BH: 2021-11-12

BELTE . Wity A AR H (LQ2OE010009) s #i T HE Tk 2 7 A7 i B H BE I (5 30 49 B 52 3 ) CYRKC0902) 5 [ 5K % R 2478
BT AN 2Rt 21T H (202010338032)

BIRER . FEBk, 2o, SC50 W, W55 5 ) Ry K244 B S0 2%, chenglin@zstu. edu. cn,

SI3cig s 0B Rk, BT HOKEN SR 25 OB SN EIFRT]. HE5 TR, 2022,32(3):00-00.

Cite this article: L1 Z Y, CHENG L. Study on measurement of Young’s modulus of metal wire based on drainage method[ J]. Physics and
Engineering, 2022, 32(3): 00-00. (in Chinese)



WS T Vol.32 No.3 2022

AIL F B R A L L B S B o JE T

XF R & R AL S R/INVAE AR T S
JO7 AR 2 He A U RO e A PR R A R —
A5 T [ P A A g TR HL R SR A v
e P FEL P RSk 7 7 5 B Al 0 2 22 T R LA B
v_F /AL
s/ L
BLAN A 7y LS PRAR TP G A FR B A
B EOE AR AT R R N R AL TR
REICAR N LR 245 B RN AL, JEAT
FFHCORIE IR BN A 1 Brais o Herp Ay i o N33 20
B0 OCHFFFBAT R D O ST AT 5 21 1Y
PR . IR A I R 22 (9 AR AR D AL L[]
I} 4 J 2245 3 6 AT AT e gy DT D6 AT T L A F-
T B i 0 A L, RO B B8 P B B Ay e, —
s FUTLATT 5 & BT 4f 5 Hh G Jm 22 LB o/ A
Kt AL IRBI R H Y.

D

B 1 SRR Rk R

JCAT AT IR <5 J 224 QB £ 1) 118 3 A T 7
P MK TRl N AR R B 5 R AR T
EJR A SE B b, ol T A ROR ) B R 4
o 2 S EBUERChS 224 A E L HE LU
FIHS Al 2 K A A5 7R R b B0 I B 08 A TR R
T2z . BORBUE WA VF 2 07 36 & s 22 9 1R
AL Gk b g R L P AR R R R
RIS, i A (LK 3 D AT A BRI R
IR N SRS N TRAE 2 € =5 || F

BT b IR S5 S Y R ) A A F 5 BT
P Ik — o 56 T HE K L B R 22 A FRRE A
AT DT R e S 0 A RS VR A [ B A
SR A AR HE A I R Y B TR A R

1 ETHKENIERERFEE

T HEARGE DN i 3 Jm 22 4 FORE i 1) S IR e
iR PANIE 2 B s . R T AL 4 B AR R
I SR RS FER RIS R 2 %, W
B 2 J7i , FUJR 3 5 SO 40 58 I 328 4 T LA 3R 39 i g
AL B RKSF E DAPR IR B K B R AR
FEAEFE AL FR L o7 5 FE A2 A PN BE EL AR R T B
FERE B BEOK B f L R R A K . B B S NGk
1, 42 J8 22 23 DN T ek e = ) 9 4 P 1) 1 R A T8
HERR L 23 i) T B 2l DA 0K b T i
JK T TR B R AT ) AT B < 22 B A Y
JE 52 B Bl N AR A I Y H A

| |
Y 2
/

fikhis

s 7*{'

_____ g
. e

L [A]

/7J<

[ o ]

K2 Sos ke B A5 H 1A

HE T HEK I D T 22 A ER RSS2 30 2 L 1Y
R TN T i 22 5 o AR Al R S K TH
EIREZEE AR, WK 3 B, B E

G e
D,
—_— PR b —
— N shx —
—_ K2 BTt ol
— i =
K |— —
i , ==

&3 Rk st R




7

WIS T Vol.32 No.3 2022

Bl D, RENEEEAR N D, .
20 [58] A: 428 P ¥ 7 K TED LT B ) B A S ik
AR S R N 2] R T e o A P €

q%f.x_%ﬁingﬂTJ

D 1
DfDZ.I(D1>2_1.I “
D,
i3 5 (2) 7T LU th oK T LTI 5 1 2 5 D

] A% 3l Y #E B 2 AR W 5 &R R A k=

(D;z,%k%mﬁ%ﬁo%kﬁAﬂﬁm)
—) =1
D,

T
D1*D2:< /1+%—1)'D2

M) AR Dy — D, Bl & A3 R/ o R
RAGBCESR B W Dy 5 D, Z (8] AH 22 BB/,

2

D‘?
S

|AR| &~ | dk | =

il

(€D)

Ik D, + X AD
aD,~ " "aD,” "

ok
ap AP

LD
7(D12—D22)2 1

2D.*D,
2 2 2 ‘ADZ ‘
(Dlh *Dz )
kB AR X AS B 22
| AZ | < 2D,
k D‘*—D,
2D,*
2 2 ‘ADZ‘
D,(D,* —D,"
AT HEMEWH T D, —D, 5k BLRACA
B B AT, WMBAAEENER D, =
100mm , BB R S5 £ =40, W) i =X (3) A f# 15
D,~101.24mm., % |AD,|~|AD,|,H = (5) 0]
PO E 09 XA 2 08 o () = | <
1.631AD, |, &M AD,,AD,<<0. 03mm HY & =
T R0 [0 A 2 T D) B0 R A B R 1) A R 15 25 AT DA 4
HIAE 5 XA,
4 I8 22 A EQORE i I S S8 L 3 N % B K

Ik

< b

+ AD,

4

u (k)=

Z‘AD1‘+

5

43 3 ) 52 0, D) Ay FG A o

D}
mg — pgx * e

4 x
S /f
%é%%%&ﬁﬁﬁsz%nﬂﬁmwwdmm
5 K T R B B 2

Y = (6)

v— LD,’ dmg —pgl(D," —D," )«
(D, —D,") 1 d’n
D)
SNV
930 LD,*
Y:47n(g/el _ pgLU, (8)

d*lx d*
K, 0 55538 2535 BOE B E B AR DL/ 52 55
W2,
2 LBWIERLERSH
2.1 EWEZERHEITE
(1) bR = R 2 I I 4 5 f P9 BE B A% 0 [
FERR M AR BOF A D, =93, 60mm, D, =
92.48mm, [FFEHL, H] T 50 R 2 il i 4 )8 22 °F
¥HEAA d=0.482mm, FH ok RO & 4 )8 22 K )&
L =989. 3mm,

(2) 761 f P2 AGE 2% B0 o K8 B A
B BRI R O BB = N LB T R
AN B ol [ A A D 38 B8 A K T R KRS JRE L ] RE U
AL E L R IE AR A & E S
FEFE A UM — AL RS IF 90 S UL I KA £,

(3) MR AEFE £ U LS, IF R ol s s
TNEERS J5 SR K AL Ly WLy o Ly MBS 5
RS C SR AF £ J5 % — D RS IR0 S
TR e B SRR T A 1L S 1 YD B
N B RERS L S SR A 0 B KA

(D KBRS TR EE RN
LB AT BR S . BL L, ARRIC R A,

B L, Z IR BEE . R B S S IR B L A O 22

BT E AL E R 220 0omm, BHE AL HE DL
1,

ELHIFEND & m = 2. 000kg, &5 i F 7K 1Y % J¥
p=1.0X10" kg/m’, Gt — H. 0L J5 8 A 2] =L (7) 15
7— LD,* . dmg—pgl(D,*—D, )= _

(D,*—D,*)1 d’n

1.98X10" N/m’




PR TR

Vol.32 No.3 2022

R1 ZHWHELE
Ejl” (B HEES /mm l I, 7 AL, 28 XF T 22
i % g B Ay =al,—2ll
. ot 2. Vb 7. e _ i v
EORLIE )N OR LR N oL (= > /mm S
0 Ly 0.0 L' 0.9 0.45 [‘?0 21.72 Ay, =lal,—all 0.23
2 L2200 2T 21.45 l’gll 22.23 Ay, =|AL—AIl 0,28
4 L, 42,5 U 441, 43. 30 L ;li 21.90 Ay =|AL—ALl 0.05
6 ly 65.3 I, 65.9 [, 65. 60 s s
8 I, 87.9 1, 88.4 I,  88.15 — Z;N' o T ;AM, s
— - B - . Al T - .
10 L, 109.0 1L 109.0 [, 109. 00 3

2.2 AHEEMITE

4@ 22K R RO 2, 8w (L) = Ay =
0.5mm; 4 J8 22 HA T H Ty R 20l &, &35
u(d)=0.004mm ;{2 P BE L A2 5 K 4 11 1 42
HO Ui R R il & fF AR, 2315 w (D)) =
0.03mmsu (D,)=0. 03mm; /K & KR ZH
R1H w)=0.2mm; TE 45 HIEE R EIRZE R
£0.001kg, T4 BN A LA ST, AN B
JE AL 3o 3 3 A5 W R BE AT 2L R MAT-
LAB XA G — B J5 1 8008 1153 7T A5 AR 6 A i
Eu(}z/)ZJ(O;ZY)_M2(d)+"'+<9(177r;Y)2u2(1) =
0.047=4.7%.,

S A1 v IR R A D TR R R T BBORS JRE T A A%
RS 0h 23 A7 SRS I A4 00 A 45 2R L (HL [ i e 25 1
HE R BA . T3 — R AT AT I J7 1 0 SOt A L R
e BT R B AT RUA R IR AR 2 2% i A
i T 7 A A R 2

T8 S8 PR AT 7K T B3 BT R B AT I AT fE
23 W B4 A A7 AR K THT AN A R] — e JEE BRI 0 L I
Jes FH T 9 R R 0 ] 019 v il 7 B R A D
PHRE 25 B A ) — 0 1 B K B 3R BT S B . S
50 3 R v R A0 WLEE L T B B R I 5 R e [
RS IR E NN € 8 R G Rl S SRS P P
WA OK TR OB i KB BitE . 20 — =
7K 5% 285 RS A S T P BE TS 00 50D I ELRR 5 T

02 s 28] B, R
Sk R B T (V) — w) v~ 0% 7F£{;|L1Zlijj/%ﬂ’ﬂﬂﬂ s X T 7K R AR v S XoF 1 AR
Y ) 52 e L

10° N/m”*,
2.3 LBERSH

25 b Al HE K 2 A5 3] 4 8 22 4 IR RS 1Y
fEH Y=(1.98+0.09) X 10" N/m?*, %} [d] — 4 )&
22 ffi ) O6 KT OFF B W AR B ICRE & R
(2.0140.11) X 10" N/m”, B & H 48 0 2 K K.
T ELHE 7K 325 B 0 5090 140 AS 6 2 B s A ik /s . i
FRATT SR 1 43 T 22 fet I HE K VR AT T 22 R S g
T, S A A T A (E RERAE 1. 97X 10" N/m”
£ 2.03X10" N/m® Z ], 156 B A HE K %0 4 &
22 R B A —E AT ATk,

AT SC R 2 e S LA KX 22 0k 52 56 dE AT 4
BT« 4N 22 AR S i KA B0 A 1R 22 35 O T IR AT
1 R AT 9 TET AOORELRE B2 L DRI, R S el R S e
PIRTHE T o 98 /)N 52 50 1% 25 fe A7 A50ORT B 42 19 0 15 ke

AR SCBET T — 2 TR Kk I N RO Y
AL I8 T R B S I TP G R 224 TR
I PR ST S T HE KR B0 2 R 22 A TR B
) 2 RGO i R 48 A Oy SRR AR T AL o
T BRI S 5 PR AR 2 3 2 7 A A 37 A AR
B AR AT H A ) A ERASE S A 0 D ik AR Y
e e A A A B — 2, Hol SR 5
TE B 25 2R 3 Wi ke B I R 4 22 1 g R R R
WO FERE E AR 22 A8 R BRAT T B BLAE B9 5L 5
SR E T A R AT R 22 4 R R I
(Y SR PR IT , 70 W) BESC 0 0 b BT — i 9 HE T
.



7

WIS T Vol.32 No.3 2022

FUAT T I B 2 7 HE KL RO A E O A 2,
AR SCRT BT B8 HE 7K 12 AR f it — > T B
TEASCAR 25 B 00 45 40 B R SE T b A Ry BR T e, A
TS DA 2 e R B — B i 2 T R
JK i B4 A ERAE 0 5 A AT R AT RO B A
BB AR TE ETHER L R 2 1 IR
i I S 00 % B AT AR 2 B 5T O (H AR S

B
& % X W

(1] L. RER ETEEEITPELEE CCD &R 41
FRAR I 4 7 22 ()], 305 T . 2019.29(4) :93-96.
JIANG Y, WU G D. A method of measuring Young’s mod-
ulus of wire based on Michelson interferometer and linear
CCD[]J]. Physics and Engineering, 2019,29(4):93-96. (in
Chinese)

(2] HIR ARHOH 38 A, 45, Tk o v 03X Tt A B A TGS
I A JEUBE 5 8 R L)L i KRR, 2020, 54(3) 1 253-2554-259.
HU P, Song Y Y, DONG D M, et al. Principle and applica-
tion of pulse excitation method to test Young’s modulus of
refractories[ J]. Refractories, 2020, 54 (3);253-255+ 259.
(in Chinese)

[3] IR—&,4-ZM, 04, 45, 2T Labview By 5 i 344 452 5
REE )] BALAR 5 (B3 M) . 2014.50(3) - 186-190.
QIU Y F, NIU QZ, QIU Y, et al. Testing equipment for

(4]

L6]

(7]

(8]

high temperature elastic modulus based on Labview [ ]J].
Physical Testing and Chemical Analysis (Part A: Physical
Testing) ,2014,50(3) :186-190. (in Chinese)
YLARIN 5k, (2R, 45 JE T i ) J2 T 3 A DA ) i R
GELTT. o BB R BT 7 . 2016(8) 7.

JIANG P S,ZHANG Y.BAI C Z, et al. Young’s modulus
measurement system based on intermediate layer principle
[J]. New Technology & New Products of China. 2016(8):
7. (in Chinese)

BeBH A bR AT AR L 45 A DR 0 M A ) A S 2R [ ],
YIS T ,2020,30(3) :89-102.

DUAN Y, YANG H L, WU H J,et al. Review of the ex-
periments of Young's modulus measurement[]]. Physics
and Engineering, 2020,30(3):89-102. (in Chinese)

S 7T A B A S8 PO B E BE PP e [ ). BT IR AR
(FHWF).2010(12) :178-179.

SHI L P. Evaluation of uncertainty in Young’s modulus of

elasticity experiment [ J J. Newcurriculum ( research ).
2010(12):178-179. (in Chinese)

BN, F 5. A IR S LA L) ). 1R BB
2011,30(2) :35-38.
DUAN K J, WANG L. Research and improvement of
Young’s modulus experiment[ J]. Journal of Xuchang Uni-
versity, 2011,30(2) :35-38. (in Chinese)

Thfc i fa WY R U A 2 DML B TR A AL

2016:102-108.

(EHEHS 94 5O
JUB Y, QIN J] M, WANG G X. Study on collision re-
sponse of viaduct under earthquake[]]. Journal of Dalian
University, 2017, 38(6): 38-41. (in Chinese)

(2] FA SR, 5 oA o0 12 0% JOURE H5 fh A5 Y C R 49 R 1 il 8 A5 78 )
MIRF S R LCT. BURLAS RT3 0 A S J . 2012,

[3] Rk SEafipyaiscg[ M. Jbat . B il ik, 2010.

[4] RmHE, kg, 25 sk3ss g rhas S0 1353 4y
Frlll. $35 TR, 2002, 12(1): 55-59.
ZHOU Y Q. YEZ N, WU Z H. Calculation and analysis of
air resistance in ball games[J]. Physics and Engineering,

2002, 12(1): 55-59. (in Chinese)

(5]

(6]

BHRT, T2 R IRARE, % M Tracker BT # T4 -
PR FIEH]. YHE TR, 2018, 05. 78-81.

SHIZ Y, DING Y M, ZHANG Y M, et al. Using tracker
to study the mechanical motion of spring oscillator on the air
cushion guide[ J]. Physics and Engineering, 2018, 05: 78-
81. (in Chinese)

LR BR AR, T3, I Tracker 44558 8l <7 16 5 £
BIRRAELT ], R BESE R . 2020, 01:96-99.

FAN Y X, CHEN DS, WANG Y. Verification of conserva-
tion law of momentum by using tracker software[ J]. Col-

lege Physics Experiment, 2020, 01 :96-99. (in Chinese)



