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Performance Test of Chromium Plating in Body Bore

ZHANG Fan-fan', ZHANG Li-feng’, LI Ou?, WANG Wei%, YANG Diao'

(1. Northwest Institute of Mechanical & Electrical Engineering, Shaani Xianyang 712099, China;
2. Norinco Group Inner Mongolia North Heavy Industries Group Co., Ltd., Inner Mongolia Baotou 014030, China)

ABSTRACT: When an artillery is in lunch process, the barrel is subjected to the coupling effects of various strong loads, re-
sulting in ablative wear of the inner bore until the end of its life. Inner bore surface strengthening is the most direct and effective
measure to improve the lifetime of the body tube. The purpose of this paper is to quantitatively evaluate the performance of the
reinforcing layer and to provide a test method for the optimization of the chromium coating and the new inner bore surface
strengthening technology. Based on the highest maturity and the most widely used technology-chrome plating on inner bore sur-
face, the performance of strengthening layer is tested and studied, including hardness, thickness and micro defects, bonding per-
formance, anti-ablative performance, anti-wear performance and so on. The anti-ablative and anti-wear properties of the chro-
mium coating are quantified, which realized the comprehensive evaluation of the chromium coating performance in the labora-
tory. The hardness of chromium coating is about 521.8HV, which is higher than that of substrate. The initial crack width of the
chromium coating is about 300 nm, and most cracks are not connected into a network. The adhesion between chromium coating
and substrate is about 67.2 N. Under the same conditions, the ablation and wear of the chromium coating are always smaller
than that of the substrate. The comprehensive performance of chromium coating is better than that of the substrate.

KEY WORDS: gun barrel; life; chromium plating; strengthened layer; ablation; wear; performance test

R EH: 2022-05-22; 1&iTHHE: 2022-07-15

Received: 2022-05-22; Revised: 2022-07-15

EH B R (1994—), %, ML, SHRIRIF, TEHETQAKREEFHI N FRGEF4,

Biography: ZHANG Fan-fan (1994-), Male, Master, Assistant engineer, Research focus: artillery firing dynamics&barrel life.

IR RIUA, KA, R, F. F5 NBEEALERMNATRI]. E&R%E T2, 2022, 19(7): 180-025.

ZHANG Fan-fan, ZHANG Li-feng, LI Ou, et al. Performance Test of Chromium Plating in Body Bore[J]. Equipment Environmental Engineering,
2022, 19(7): 180-025.



F£19% £

SR, S5 B4 PN BB PR REAS D F 5T <19 -

By A R O R A SR R B S A AR T Y
R RN R KO R RS G & RGBSR
KTV | FRE RS K TR B
WMAT” BRERL TR, T G558
KM R, R I O R R AR 1 R R
B3 B4 B o e KO s S & 0, B b
ol 2 0 8 9 M R AR MG B A W SE Y PRV, T
R S SR Ak 2 S i e BB O R B R
o, B R ZIGEAS R L R L S P AT R
MR, KR A AR I, SRR | R S Ah R
AR A MET, AR beih . B HEE, T
AR A R SHY K, R KO SRR | RS A A T
fiE S & 2 P

N RS Hm R ER L, 5N ALLE
BEMRL . sl R 2 gk . R SR K
BT IR M 2y S b, B A P i 3 T i A e B e
By 5 Ay o 1A R GG o % T R A R AR A A
AR R N Z N R 22—, BN S
PEER T 2R A 20 HHE22 90 4FAR 5] HE B [ b4 A i
W&, PRk . 2400k, RAEBKFEAR T
TFHTEM B M SN Ak B4, SR
B EEAMLL, Y5 B BB b aE IR Rk
IR, B Aot Tt 1 5. T B8 s
s 2 T A Tk S LA R ) O K A R T AR B A
TR R R E 32T I R SRR 4 g
A, SRR NE AT e, H AR 2R AR
LIRS G Je SN ST B A PR R B S
BRI KA S Je Bl ik = 1) .

SCHR[22]0 4% 2R B UEAT TRFSE, $ T IR
YRR R, JFUET TIRE . SCER[23 1% B %
T HEURBEAT T 4007, 55 T 280 B JE A
FIAE RORE S R B 7 A D R 7 v . SCRIR[24 10 B8 4% )2
(AU S5 A BEA T X HUBIF T, 3R M T Sl L A e
BRI T 20, SCHR[25 R T 2 85 R T S0 F 4G & 1)
UM HEAT TR, GIESE TR T B AR B R S L S
R [2610 B 4% B A5 OB AT M b AT T 9T, H8n T
7 s A B s B A R A RS B . N S
WA, HETXE T B4 P B AL 2 R I 5 (U R 28 s —
FIVERETT S , 3T 5056 28 1Y B 27 9 i 3R i sk 2 P g
SEARIN B AR Ty AR D

ST, SCH ISR S N R AR )2 RE AR I )
B, DAPN B R B AR G, TF IR N BB 2 MR RE AR
Wt oE . 58 5 8 75 ar $e TH 0 9 4% 2 e RE Y 75
K, ESIFRMERE | R LOEEG . a5 A ke T
PEOERE . PUBE IR MERESEIT 7T, Er R TR = AR
TRIZKE T3, 4R T HEES 2 OB b i I, 3k
T2 SRR S T R PR E B
e, Ak T PN B A X B A HUbe il 5 M R B R T AR
FE, R Ie SRR 2 B Ak Bk 10 P fhe 2 i AL 2 H R

BP0 71k
1 BEREEERER

BE-METECHEACSR, BE 6.98~
7.21 glem®, KK 1 875~1920 °C, il B [ 25 T, B2 1
T AR N HA BN BE R R B, AP R ol
1 BES 5 1 RE o % AR — Iz TR A A R B
I TR 2 2 s 25 Ty T P 3 R A, ek L A T TR AR S
RERmMUIBIRZ, ¥R mEEEE T, A
7 b 7 B R R R A M 3 T AR AR L, I A T
F, FFUCRAE SRR, TR A2 .

BT, SR PR IE A B4, RS B4
WRMAERE R (A T LA O E ). 2R 5 IR
PR R IEA, SRR T, B R T2k
SEAXT O E, BT, sk S B4
MR, AN HEEIE B A R YRR T AW
LRSS, St mtE, I R R )E

BB R ERIE 1R, B R
ZAFHES TS, PR R B EE (T Rl),
PP Z R BA L, PR BR3P, FHZR 2 e B
W, PHER AR 2125 7 A X6 L Tt % ) B2 SR AN o B 4%
B, WEERMRFAAAERY, 2B EREE:
LRNERBNRE, HUOEHZIER, HRGEMZ%
AT . BHZEIET , fe/b 2 B AR o 7 i A 4 3R i
ZINFAL, R, % TR ST = s A ik
M, SEBUR DR, R, B efE PHE M ), ]
LIEMSBHLIE AN, TS BaM, g im g 5,
BETUIRONE , AWK Z )G, B2
TSR SR BE A A AR5 o 4% R IR R ) 23 itk —
A RIZNN AL, (E154% 2 NI A EL
JRFRL L SR A o e 2%

| e T
Y ez

1 B T BRI, 5 B A M R ) o
Fig.1 Schematic diagram of the relative position of the anode
and the straight bore of the body tube during chrome plating
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Tab.1 Comprehensive experimental test content of the protective layer
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Fig.4 Curve of hardness of chromium coating and substrate
with temperature
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Fig.5 Surface morphology and defects of chrome plated samples: a) surface crack distribution (1 000 times);
b) surface crack width (8 000 times)
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Fig.6 Chromium coating thickness (1 000 times)
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Fig.8 Map of bonding strength of chrome plated reinforcing layer
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Fig.9 Scratch diagram of chrome plated sample
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Fig.10 (a) Ablative quality and (b) mass ablation rate of different samples
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Fig.11 Surface evolution of different samples during ablation: a) substrate sample; b) chrome plated sample

BB MRSy TP P SUREHIVERE S TR G
TERAFBE AT, BEAR 2 AR LT I AR ik i [ 1K
49.31%. [AIN;, fERRASbE it e b, PR R R AR
BURRIORGR , SR PUbe i v > SRR Il

5 MEHRMEREHAR

KT MMU-10G CHILA2 i e ik S 5 £ 336 AL
Xt AN [5] 58 A 2 R £ o R 4 | B 45 1 T DL R e
FEIRETR LT B BRI RE AT X HE, FEAR TR SR AL
JZBRAT — E W A I R, SURf DR i AL R R B SE /Y
THOLT , ARG b i, XhAS ] 5t A J2= 1aURe T 451 E
TP . TEEIR . 600 C X IOHE )R K o 4% ke
PEAT BRI AR, VRO HPUBE TR RE , AR T
AR & 12, & 13 R, 2 FlAE Ry
Py At e B L RE AR AR AN P 14 BT o

b 600 C

B 12 Rkt

Fig.12 Substrate samples: a) room temperature; b) 600 ‘C

I 14 ATLLIE L, BIEES URE 110 5 44 o Bl 2 VL
ARG I HT /N o EET T, B IURE 5 AR e
A 22 28%; 1E 600 C R, 2 FilkE iy R A 22
94% . X Fb AR R A URE , AN AR T B A S I
B U 2N TR RE

K13 BRI
Fig.13 Chrome plated samples:
a) room temperature; b) 600 C

020 F —e— R
—o— 4EiRIARE
w 015
i
s
#1010 |
"
B
0.05 -
0.00 -
0 200 200 600

IR/ C
Bl 14 AESERF B X

Fig.14 Comparison of average wear of different samples

6 4it

BT BB R EE A s 25, PR T B4 N i
B TR, 7 T S 550 T ol 2 Re A
W7, FF 3 T 9200 2 46 0 25 SR 96 IF T PN Mt 4 4 i Ak
FARBPLIR R FR, 22K 521.8HV,, 8%
B AR R TR LSRR N R SRS, MR 2
T o i TR R AR . IZHAWR R E AN



© 24 -

TR N B TR

2022 47 A

300 nm, ZHCROUREL “FPR” . #6525 IR,
B I12975 67.2 No HRBEHRIET , PEHZ A HE AR
el K2 49.31%, B Z TERe hud B v SRR
B R, I HEIATE 70~80 s HH L. AH ) EE 5 25
TR, FHECIEAA, PR Z MBI I A BN ZRG
DL b PR % 2 O B B S BOWLPE BE L 5 PERE L Pkeh

PUBE R RE S AL R [ 45, BEARZ LR G IEREIL T
SLIRFTRL
SE k-

(1]

AR, EAUT, AR KM RERTET]. K
KSR, 2013, 34(3): 88-92.

HU Xian-jun, WANG Hang-yu, SHI Zhang-song. Explo-
ration of Gun Firing Problem[J]. Journal of Gun Launch
& Control, 2013, 34(3): 88-92.

WREE, BRI HE, BWRARSR. HETIRSNFFAE R KM ST
KaEE 05 5[], THRHLG K, 2021, 38(6): 18-21.

OU Pan, YU Qing-feng, CHEN Mo-ran. Simulation of
Gun Collision Accuracy Control Based on Vibration Cha-
racteristics[J]. Computer Simulation, 2021, 38(6): 18-21.
P, XEIE, MR, SF. whb e T B R A A
HEBETE B % 597 75 A ST (0] KM R 5 4 ] 2 4
2020, 41(1): 84-88.

YANG Diao, LIU Yuan-yuan, HUANG Shao-bao, et al.
Improved Design and Fatigue Life Study of Gun Barrel
Extension under Impact Load[J]. Journal of Gun Launch
& Control, 2020, 41(1): 84-88.

HER, BN, jxte, 55 OB TFHEET]. K
% S S 1A, 2006, 27(3): 10-14.

GAN Lin, TAO Feng-he, LU Xing-hua, et al. Research on
Barrel Life Prolongation[J]. Journal of Gun Launch &
Control, 2006, 27(3): 10-14.

FE—, 20, R SRS EEMITD]. LT
5 A Bk, 2014(2): 221-222.

JIANG Ze-yi, LI Qiang, BO Yu-cheng. Study on Life of
Gun Barrel[J]. Mechanical Engineering & Automation,
2014(2): 221-222.

VPRI, Bk, XIMIRL, 2. KB B E AL N T
A O 7 TR ERIR D] KL R G S I 27 ), 2020,
41(3): 89-94.

XU Yao-feng, SHAN Chun-lai, LIU Peng-ke, et al. Re-
view of the Research on Failure Mechanism and Life Pre-
diction Method of Gun Barrel[J]. Journal of Gun Launch
& Control, 2020, 41(3): 89-94.

VPRRIE, R, XUIRL, S KM S SE R AT
LRR0). SRR SRR, 2019, 40(4): 90-95.

XU Yao-feng, SHAN Chun-lai, LIU Peng-ke, et al. Re-
view of the Research on Gun Barrel Life-Span Prolonga-
tion[J]. Journal of Gun Launch & Control, 2019, 40(4):
90-95.

Wi, BRaGEm, XIUIRE, 45 a5 R i K
P KIS 2R, 2017, 38(4): 87-91.

[10]

[11]

[12]

[13]

[14]

[16]

YANG Diao, GHEN Zhi-jian, LIU Peng-ke, et al. Analy-
sis and Prediction of the Service Life of a Mortar Tube[J].
Journal of Gun Launch & Control, 2017, 38(4): 87-91.
e, XUNEL, TS, S SRR RE R A
Z ) B B R BT ST (). SO S R
2020, 41(4): 1-5.

YANG Diao, LIU Peng-ke, NING Bian-fang, et al. Study
of Material Properties of Barrel and Loading Environment
of Multiple Physical Fields in Gun Firing Process[J].
Journal of Gun Launch & Control, 2020, 41(4): 1-5.
MARR, EE, AT, A S be i K g2 R AR AL
AT BUIR [, KM % 5 5 P il 2 4l 2016, 37(1):
92-96.

LIN Shao-sen, YAN Jun, YU Wei-bo, et al. Research
Status of Gun Barrel Erosion and Inhibitor Mitigation
Mechanism[J]. Journal of Gun Launch & Control, 2016,
37(1): 92-96.

WREH, TAEDE, SRAER. [ NS IO B A bl B 45 )
IR [)]. Fe T H Bk, 2012, 31(6): 44-46.
OUYANG Qing, YU Cun-gui, ZHANG Yan-cheng. De-
velopment of Erosion and Wear of Gun Barrel[J]. Ord-
nance Industry Automation, 2012, 31(6): 44-46.

WOHRE, B, KRR, AF. ORISR T B b
M) U R E2E], 2014, 36(3): 323-327.
HUANG lJin-feng, LIAN Yong, ZHANG Cheng, et al.
Study on Erosion of Gun Barrels with Different Surface
Treatments[J]. Journal of University of Science and
Technology Beijing, 2014, 36(3): 323-327.

KE, AN, SRS, HEEJIARIRIR IR E S
YT R T2 B X LR FT (0], LA E, 2013, S1(8):
86-88.

ZHENG Yi, ZHENG Wei-gang, LYU Song. Comparative
Study of Supersonic Flame Spraying Tungsten Carbide
Coating and Electroplating Hard Chromium Coating[J].
Machinery , 2013, 51(8): 86-88.

THHE, PR, SRk, SE. ko BE AR A BFST BUIR 5 e
B[], R E S5, 2010, 32(1): 20-23.

FENG Hui, YUAN Ping-ping, ZHANG Lin, et al. Re-
search Status and Future Prospects of Chromium Pulse
Electroplating[J]. Plating & Finishing, 2010, 32(1): 20-23.
Rtk Berre, SRBRME, S5, =M s -k iR
Ni-Cr/SiC K E S PEZ (). #f 4 m kS TR,
2014, 43(7): 1742-1747.

HE Xin-kuai, HOU Bai-long, WU Lu-ye, et al. Pulse Ele-
ctrodeposition of Nano Ni-Cr/SiC Composite Coatings
from Trivalent Chromium Baths in Ultrasonic Field[J]. R-
are Metal Materials and Engineering, 2014, 43(7):
1742-1747.

At sy, MR, BRAEA, S5 =4 B B BEAROR R
FSWRiE R, B85, 2011, 31(3): 1-3.

LI Yuan-hui, CHEN Zhen, CHEN Bu-ming, et al. Appli-
cation and Research of Anodes in Trivalent Chromium
Plating[J]. Electroplating & Pollution Control, 2011,
31(3): 1-3.



F£19% £

SR, S5 B4 PN BB PR REAS D F 5T .25 -

[17]

[19]

HRIEF, WA, Fahs, 5 AN sR boE
PI]. HHE SR, 2020, 39(7): 440-443.

DENG Zheng-ping, TIAN Zhi-bin, ZHAN Yi-teng, et al.
Current Status and Development Trends of Alternative
Processes to Hexavalent Chromium Electroplating[J].
Electroplating & Finishing, 2020, 39(7): 440-443.
g, IMNOIEE, JEAS, . TR ENe N B4
1o P L AR AR (D). ZEMR T RE 2B 254, 2014, 26(3):
31-35.

HUO Rui-kun, SUN He-yang, ZHOU lJie, et al. Analysis
of the Transversal Crack Initialization of Barrel Based on
Low Cyclic Fatigue Theory[J]. Journal of Ordnance En-
gineering College, 2014, 26(3): 31-35.

ok, SRR, VFR, 4. AN B HR -2 G T
S JEREZIE ). THRALTE, 2020, 37(9): 6-10.
LIANG Lin, GUO Zhao-wei, XU Jun, et al. Influence of
Thermal Stress on Crack Propagation of Chromium-Steel
Interface of Gun Barrel[J]. Computer Simulation, 2020,
37(9): 6-10.

W, BT, BROEAR, . E AR R 0T A
Sy RAMT[I]. BfHE2EHR, 2013, 25(2): 100-105.

YANG Yu-zhou, QIAN Lin-fang, XU Ya-dong, et al.
Analysis of Fatigue Crack Growth of Composite Bar-
rel[J]. Journal of Ballistics, 2013, 25(2): 100-105.

Y, BUERE, . SO B A S A b A I 4 EL ).
LT AZhE, 2021, 40(10): 49-51.

GAO Wang, HANG Qian-jun, ZHOU Yuan. Simulation
Research on Complex Defect Detection of Gun Barrel[J].
Ordnance Industry Automation, 2021, 40(10): 49-51.
XU, JeAibk, BRAK, 5. FRL A SRR L Gl B B
JREEERFFEN]. T H 3, 2012, 31(1): 42-43.

[24]

[25]

LIU Tao, LONG Shu-lin, KANG Lin, et al. An Automatic
Grenade Launcher Barrel Thickness of Chromium[J].
Ordnance Industry Automation, 2012, 31(1): 42-43.
WA, BRA, BN, S B AP R aUk
RAIHTI]. MiZS4EiE5 TR, 2015(9): 114-116.
HUANG Wei-hua, CHEN Xing, XIA Gen-jie, et al. Fail-
ure Analysis for Surface Micro-Crack on Shaft and Pole
Chromium-Plating[J]. Aviation Maintenance & Engi-
neering, 2015(9): 114-116.
I, UTIRE, 05, S OREBE R T2 052 oW
T 3 B A RE X L o3 M BIF 5T (9], B8 BT 5 8
2019(21): 106-108.
LI Qiong, XIN Jian-jing, LI Xu-yong, et al. A Compara-
tive Study of Micromorphology and Properties of Chro-
mium Coating in Different Chromium Plating Proc-
esses[J]. Technology Innovation and Application,
2019(21): 106-108.
X, FEERE. S HLE T 2 SHO AR acR | 92
JEIESMEE G S m[J]. FMRHR Y, 2012, 45(10):
42-44.
DENG Yan, LU lJian-shu. Effect of Trivalent Chromium
Electroplating Parameters on Current Efficiency as Well
as Morphology and Adhesion to Substrate of Chromium
Coating[J]. Materials Protection, 2012, 45(10): 42-44.
SRIERE, FRRME. OGRS UL B 58 (1 BE R be
AT RHIIE]. BOEEOR, 2013, 37(2): 165-168.
ZHANG Guo-xiang, CHENG Hong-hui. Study on the
Substrate Ablation Behaviour of Cr-Plated Barrel Treated
by Laser Discrete Pre-Quenching[J]. Laser Technology,
2013, 37(2): 165-168.

AT XA



