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Table 1 Chemical elements of common thermal bimetal components

A /0
PO A5y w/ Y
C Mn Si P S Cr Ni Cu 7n Co Fe
Mn75Nil5Cul0  <<0.05 A <<0.50 <00.030 <0.020  — 14.0—16.0 9.0—11.0 — —  =<0.80
Ni20Mn6 <0.05 5.5~6.5<00.30 <<0.020 <0.020 — 19.0—21.0 — — — R
Ni22Cr3 0.25—0.35 <0.60 <<0.30 <<0.025 <<0.0252.0—4.0 21.0—23.0 — — — A
Cu62Zn38 — — — —  <0.010 — — 60.5—63.5 R —  =<0.15
Ni36 <0.05 <<0.060 <<0.30 <<0.020 <0.020 <0.5 35.0—37.0 — —  <0.50 4
Ni50 <0.05 =<0.060 <<0.30 <<0.020 <0.020 =<.0.5 49.0—51.0 — —  <0.50 v
Nid2 <0.05  <<0.060 <<0.30 <<0.020 <<0.020 <<0.5 41.0—43.0 — —  <0.50 Hm
Cu — — —  <0.010 <0.040 — — =99.9 <0.005 — <<0.005
Ni <0.15 — — <0.015 — — =99.3 <0.15 — —  =<0.15
k2 BERAANEEATEEHIERE
Table 2 Mechanical performances of common thermal bimetal components
o PO -2 2 B ik 2R H T2 U ik 2R H MPHA/ R R/ i
- o (25—100 C)/107°C~"  (25—200°C)/107°°C™"  (pQecm) GPa (geem ) (HV)
Mn75Ni15Cul0 =25.2 =26.2 160—180 120 7.26 200—260
o Ni20Mn6 =18.0 =19.0 74.0—82.0 167 8.10 235—295
T2 _
Ni22Cr3 =17.8 —=18.8 74.0—82.0 170 8.12 270—340
Cu62Zn38 =18.0 =18.5 6.8—7.4 108 8.9 185—230
Ni36 <1.9 <2.7 77.0—84.0 147 8.12 200—255
ez 2 Ni50 <10.8 <10.8 77.0—86.0 150 8.20 200—255
Nid2 <6.0 <5.8 59.0—67.0 147 8. 14 200—255
) Cu 16.5—17.9 16.8—18.2 1.7—1.9  117—138 8.92 —
2 ,
Ni 12.7—13.8 12.9—14.0 8.1—8.8 207 8.90 —
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Figure 2 Measurement process of Flexivity

3.3.2 LAl

FE S il (KO J2 4l 3 R Sy B A7 J52 88 AR BRI
R J e, e — S [ 72 , 25 I R 4K 1°Cg A
Uiy ) 8 B AR A WS Al B o R R R R I A L A
iy, ) AN 1R 3 T

ik 1t 38 55 L 25 R e A e OB R AR 1Y
fabn , (H L 2l I R X LA W] R s, TR L
it B b, i T AR R A 5 2y U
SR, B R 22 RO, DY O 0 S B A
250 HAT, S EICE o 1E 25 XA AR v ATl bR
T K 2 W) B 1 121 R Il o 3R A Sy RO 48 T ) B AR
P AZFE R, 0K L 25 R 2 2% P8 4507

AN

SRR B

M\

B3 BEEBREREED
Figure 3 Cantilever beam method measuring
Specific Deflection
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Table 3 Mechanical performance reference values of thermal bimetals

A e H B g HoAb 1 RE S % (H
i 2 W R FARFR e qmosop L o AR PR P b 25 il K AR R (E % fi oVl MR b E
fH(20—130°C)/ —— fH((20£5)C)/ . (20—130 °C)/ v . ((20£5)C)/
10 °°C 1% 1% (pQecm) fig2z 20 10 °C WE/C  RE/T GPa
5139110 39.1 +5 £7 113 +5 20.8 —20—150 —70—200 =113
5128140 28.0 +5 £7 140 +5 14.5 —20—150 —70—200 =113
5128120 28.5 +5 £7 125 +5 15.3 —20—200 —70—250 =122
512780 27.0 +5 +7 80.0 +5 14.3 —20—180 —70—350 =147
512580 25.2 +5 £7 80.0 +5 13.8 —20—100 —70—350 =147
512880 28.5 +5 £7 78.0 +5 15.1 —20—180 —70—350 =147
512613 26.8 +5 £7 13.0 +10 14.6 —20—180 —70—250 =98
512616 26.9 +5 +7 16.0 +10 14.3 —20—180 —70—250 =98
511817 18.8 +8 +10 17.0 +10 10.0 —20—180 —70—400 =152
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Figure 4 Device of explosive welding
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Figure 5 Device of controlled atmosphere hot bonding
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Figure 6 5J2780 bonding strength  comparison
between one produced by cold rolling and
one by controlled atmosphere hot bonding

5 45iF

FAONL 45z T TR A4 A AR L 2 4 g o 22 ] S S50
md L BT M T A AR O R A il A
BT LA R T IT S S A B A R AR A
Fl o AR T8 Py 2819 4F K J& 7= il 19 2 A B A A



B AR ORGSR BT T DR S R B2

267

7 RS U 7 i R RE R AR BE T L T
oK o BEE B —AUE B HAR A PO R, BT oT AR
Pz A 1 AL SR AL 2 e fe B RE L A
J7 1 11 Bk XA BRI Bl A R A A
PEGF v RS 2 AR ODL s R AT R T Y

(1) H A, T 37 X6 3 50O00 4 s B A ok iR
T = by T el R 22 ARG IRk A2 A
55 MOE BT B i B R i a7 i vk e Bk
ARG RE P 22, X LA A2 f - F A A7 ol 13 i 7 i T
WEPOOU G Jm AR BB VIR . P ey it — 20 4R
T R OB T A AR / RS G BE B P RE T 51k
AR PO SR I EETT Rz —

(2) Bt & Bl 2 B A 1 F 48 170l B9 g 8 &
JiE , AU Ja B IR A% 2% A H 2 W7 20, AN ACESR B R R
A Y BRI i BEOR B T R A A I R
Ll S 25 B 5 2% A CRNT ol Tt e TS B R
SE)ITE R o PRI, O v SR/ o /T ok 4 v
P BE PB4 S 9 AT 0 2 R R FA XL i 1) 2 2077 1)
Z—s

S Uk

[1] ZHOU L, ZHAO J W, JIA, F H, et al. Numerical and
experimental investigation on the forming behavior of

[J]. The

Advanced Manufacturing

Technology, 2019, 101: 1075-1083.

FENG B, XIN Y C, GUO F L, et al. Compressive

mechanical behavior of Al/Mg composite rods with

different types of Al sleeve [J]. Acta Materialia, 2016,

120: 379-390.

FENG B, XIN Y C, HONG R, et al. The effect of

architecture on the mechanical properties of Mg-3Al1-1Zn

[J].

stainless/carbon  steel bimetal composite

International Journal of

(2]

[3]

rods containing hard Al Scripta
Materialia, 2015, 98: 56-59.

FENG B, XIN Y C, SUN Z, et al. On the rule of
mixtures for bimetal composites [J]. Materials Science
Engineering A, 2017, 704: 173-180.

FENG B, XIN Y C, YU H H, et al. Mechanical

behavior of a Mg/ Al composite rod containing a soft Mg

alloy cores

[4]

[5]

sleeve and an ultra hard Al core [J]. Materials Science
Engineering A, 2016, 675: 204-211.
XIN Y C, HONG R, FENG B, et al. Fabrication of

Mg/ Al multilayer plates using an accumulative extrusion

[6]

bonding process [J]. Materials Science Engineering A,
2015, 640: 210-216.

WU Y, FENG B, XIN Y C, et al. Microstructure and
mechanical behavior of a MgAZ31/A17050 laminate

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

composite fabricated by extrusion [J]. Materials Science
Engineering A, 2015, 640: 454-459.
FENG X W, LIJ X, ZHENG Z B, et al. Mechanical
properties and fracture mechanism of Fe/Cu composite
sheets with Al interlayer after annealing treatment [J].
Journal of Iron and Steel Research International, 2023,
30: 1888-1895.
AI X L, DANG Y H, JIANG X Q, et al. The effect of
Ti particles addition on the microstructure and
mechanical behavior of MgAZ31/A16082 composite
sheets [ J]. Materials, 2023, 16: 2844-2855.
DANG Y H, LIU S L, AI X L, et al. Microstructure
and mechanical behavior of Mg-based bimetal plates
with high formability sleeve by co-extrusion [J/OL].
Acta Metallurgica Sinica (English Letters) , 2023.
https://doi.org/10.1007/s40195-023-01567-y.
FENG B, SUN Z, WU Y, et al. Microstructure and
mechanical behavior of Mg-ZK60/Al-1100 composite
plates fabricated by co-extrusion [J]. Journal of Alloys
and Compounds, 2020, 842: 155676-155685.
GHOLAMI M D, SALAMAT M, HASHEMI R.
Study of mechanical properties and wear resistance of
Al-1050/brass  (70/30)/Al1-1050
fabricated by the accumulative roll bonding process [ J].
2021, 71:

composite sheets

Journal Processes,
407-416.
ZHAO J H, SHANG-GUAN J J, GU C, et al.

Microstructures and mechanical properties of TC4/

of Manufacturing

AZ91D bimetal prepared by solid-liquid compound
casting combined with Zn/Al composite interlayer [J].
Transactions of Nonferrous Metals Society of China,
2022, 32(4): 1144-1158.

&, R, A EE, A R IR A A I 2020 4R
i 316 L ANEE B /4 52 A AR TR [T ], R e & T
Ak, 2006, 16(4): 1-4.

RIPLE, B S, WRRTE, F /B A RDR B E 1
RERFFE[T]. MR, 2006, 21: 360-365.

RyE2%, SR, sREH, &R AT B -2 Ak
il R /B A A R AT S [T ], B R4, 2014, 28
(10): 16-19.

RBLE, BRI, X778 . 56040 X045 Ja 2k i B B
Hobl & T2 LT]. R 5 0, 2015, 9
(4): 216-221.

BHH, RIET . W48 ARG S T2 M5
ARG RRET] MRHIETE 5 R, 2010, 4(3) @ 164-168.
ITWEms , A6, ZRLeg, 5 . BE/60 5 Pl obd R % 4 B
B AU A IR TS (T, MRS S T,
2009(1): 23-27.

BN, INEH, 2R, S BRI G RRRE G M
BHIT T IR 5 1 5 SR [T]. MR 5 5 REHT, 2023,
17(4): 636-642.



268 MBI S 20244558 18 B4 2 1
[21] sk¥ e, oo, WRdise, & . O 48 & 18 et 45 [40] A5, WNIE . 2E4EE A BRI THART].
FHRBEEF B[], Lo HOoR 54, 2015, 32(11) - R TR, 1998, 18(2): 70-74.
102-104. [41] Z=gk3c, skE S, BIL, & 008 8 W - A i 1
[22] S5, MR, B, 5. SRR HOL T A4 MR T 2058 [T]. Fi, 2010, 59(3): 300-303.
J& R F-P RS AL R [T G s 5 R 46, 2008, [42] ZERLE, M8 . B AR EIR T 20 Bk & e
27(2): 98-100. [J]. TR, 2021, 39(4): 1-4.
[23] ¥FSCR, Ik . AR L B AR 4 T O & )8 [43] MALAKHOV A, SAIKOV I, DENISOV I. Brass/
P BV LT] A S RERUE B R, 2021(6) : 41-46. Invar bimetal by explosive welding [J]. The
[24] FHA, Faom . R4 8 R X 408 i S 18 IR ks T International Journal of Advanced Manufacturing
FEAME R WEFE L], U T B B i (A SRR Technology, 2021, 114: 357-364.
B, 2005, 12(3): 17-22. [44] SAIKOV IV, MALAKHOV A Y, SAIKOVA G R,
[25] MAURELLI L, MAZZOLENI M, PREVIDI F. et al. Influence of explosive welding parameters on the
Modeling and simulation of bimetallic strips in structure of interface in brass-invar thermobimetal [J].
industrial circuit breakers [J]. IFAC-Papers OnLine, Inorganic Materials: Applied Research, 2020, 11:
2021, 54(7) : 803-808. 448-452.
[26] ZELENKA M. Calculation and measurement of [45] #h/NEr, F/ANL, M . 48 BV oY IR e &
thermostatic bimetal deflection in molded case circuit JEEH T, imIENL, 2016, 46(4): 112-117.
breaker [ C]. Yinchuan:EEICT, 2016: 467-471. [46] KUMAR P, KUMAR S G, SARAVANAN S, et al.
[27] TRELNE . B4 8 1y Se g R Mk e drm [T]. Significance of the interlayer in explosive welding of
T AR, 2009(2) : 35-40. similar and dissimilar materials: Review [J].
[28] DURST G. A new development in metal cladding [J]. Combustion, Explosion and Shock Waves, 2023, 59
The Journal of The Minerals, Metals Materials (3): 253-278.
Society (TMS), 1956(8): 328-333. [47] SBER1R, A PR3 . G0 8 /40 A Bt T 20 40 e 2
[29] @ZAhite, B8, ik, 55 . HO0E @ MR BIF 5% 3 e T B8 52 e B B 5T [T]. #0m TT2, 2016, 45(17) -
[J]. & @A RS, 2017, 43(1): 42-52. 26-30.
[30] KUO A Y. Thermal stresses at the edge of a bimetallic [48] 3k AN EB/E A L L L LR EALT]. Vi ipg
thermostat [J]. Journal of Applied Mechanics, 1989, P4k, 1999, 4(2): 67-70.
56(3): 585-589. [49] K, WHARNE, s, 5. ZilREME &R0 E R
[31] CHANG F V. Thermal contact stresses of bi-metal B e S R AT &R AR FSY , 2022, 48(3):
strip  thermostat [J]. Applied Mathematics and 28-36.
Mechanics (English Edition), 1983(4): 363-376. [50] T R, Z=3emH, Bk, % . J2REREEZ 5B
[32] fLAEVE 58 520 W) R i SWs 1 920t 7 R 52 [D]. K TAHARDFEIART]. b E AR, 2013, 32(11) -
B E MR, 2000. 696-701.
[33] ZEWEmN . LA I Ar v s 7= ot v B i T [T . s A [51] F#I%E, Hhor, tRaKLl, % . ks B 4 W 4 | I
Toll,2011(3) : 72-76. Wl HARDIFELT]. B TR R, 2013(2): 44-48.
[34] ZFilE . g IREARLT]. BT, 1991(5):1-19. [52] LR JZREETETAR RS HOAR St
[35] Z=dae, WM. B RC& 4 i eIk B e AT 50T ). AL 58[7]. LitE4), 2007, 29(6) : 42-46.
WS T A, 2007(6) : 34-35. [53] FReifE . ik 1 PO 4 I AR il i 58t [T ], T
[36] H g0 E 80, B Kb 825 4. FEL, 2003(4): 29-34.
GB/T 4461-2020 X4 Jm 47 A [ST. AL 5« b [ A5 4 [54] #iB¥, IREM, e Bk /X4 Jm 19wl 42 <A
H R, 2020. HETZWENI] A sBire S TR, 2012, 41
[37] A . W4 Ja AE AR T o 43 09 3 T K I, Tn) A 4y (S2): 141-144.
BrlJl. d TA A, 2009, (1): 31-38. [55] #heifg, JiEE S 50 /8 ZOR 4 48 1y T2 4 4
[38] [ 52 ot ik W B A 360 Ao 928 i Jmy L ) R oAb A B 25 L ARSI WA 48 H S T/, 2007, 36(2) :
23 . GB/T 8364-2008 #A XL 43 Ja #2530 J7 12: [S . 296-300.
dbmt . v B bR G AR A, 2008. [56] TG, TJ5F . ROBE R A 7= 108 T2 -l 48 3 A
[39] BIEW], PR . MR RS A S & AT AR HLER, 1996(5) : 54-58.

[J]. s E 4R, 2002, 20(4): 40-42.



TG AR RO S S AR T IR S e R 269

Research Status and Prospects of Thermal Bimetallic Materials

HUANG Niancheng"?, FENG Bo” ,FENG Xiaowei’, LI Da*, CHEN Tianlai*, LI Guofeng®, LI Xiaohui",
ZHENG Kaihong®
(1. School of Mechatronic Engineering and Automation, Foshan University, Foshan 528225, China; 2. Institute of
New Materials, Guangdong Academy of Sciences/ Guangdong Provincial Key Laboratory of Metal Toughening Tech-

nology and Application, Guangzhou 510650, China; 3. Foshan Tongbao Electrical Precision Alloy Co., Ltd., Fos-
han 528131, China)

Abstract: Thermal bimetallic composite material is a material formed by using advanced composite technology to combine two
or more metals with different thermal expansion. This composite material combines the physical properties of different metals
and exhibits a characteristic of changing shape with temperature variation, hence it finds extensive applications in the field of
electronics and electronic appliances. With the rapid development of science and technology, the demand for the quality of
thermal bimetallic products is increasing, making research and development in this field of significant importance. This paper
reviews the principles, characteristics, compositions, main performance indicators and manufacturing technologies of thermal
bimetallic materials. Firstly, the principles and characteristics of thermal bimetallic materials are at the core of research. These
materials are formed by alternating layers of two or more metals, tightly bonded through composite technology. Due to the
different coefficients of thermal expansion of various metals, the material undergoes shape changes when subjected to thermal
stimuli. Secondly, the composition of thermal bimetals is an important factor affecting their performance. Choosing the
appropriate metal combination can result in superior performance of composite materials. Common compositions include steel-
aluminum, copper-aluminum, etc. By designing the thickness ratio and stacking sequence of different metals reasonably, the
thermal expansion performance and mechanical strength of the material can be controlled. The main performance indicators
include the coefficient of thermal expansion, electrical conductivity, mechanical strength, etc. The coefficient of thermal
expansion determines the extent of shape change of the material with temperature variation, electrical conductivity affects the
electrical performance of the material in electronic devices,and mechanical strength directly relates to the material's lifespan and
stability. Manufacturing technology is one of the key factors affecting the quality of thermal bimetallic composite materials.
Common manufacturing techniques include explosive bonding, roll bonding, powder metallurgy, etc. Different manufacturing
techniques affect the degree of material bonding, microstructure, and performance stability, thus specific application scenarios and
requirements need to be considered when choosing manufacturing techniques. Finally, this paper discusses the main future
development directions of thermal bimetals.

Keywords: thermal bimetal; manufacturing technology;development trends;electronic appliances;expansion coefficient;advanced

composite technology;electrical conductivity ;research progress
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