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Abstract: As the world's number one sport, football's highly competitive nature has led people to pay increasing attention to its risk of
sports injuries. In the context of digitalization and intelligence, new protective equipment: as the most essential tool for reducing
damage: it is undergoing a revolutionary transformation from traditional manufacturing to digitalization and intelligence. This article
provides a systematic and detailed review of the protective equipment technology currently used in football, and conducts in-depth
exploration around three dimensions: intelligent design methods, additive manufacturing technology, and performance evaluation,
resulting in relevant achievements. Through a search of published literature both domestically and internationally, it has been found
that research on athletes' physical functions has made some progress. However, there is little attention paid to how to prevent injuries
by combining multiple materials to adapt to individual physical conditions. This paper points out through a comprehensive
investigation of existing research results that: firstly, traditional protective equipment is difficult to meet diverse needs; Secondly, the
existing manufacturing technology cannot fully meet the high standard requirements for protective equipment in modern football;
Thirdly, there is a lack of effective coordination between various manufacturing technologies and high-performance testing and
monitoring equipment; Fourthly, there are still many limitations in the development of digitization and intelligence. In summary, it is
necessary for the sports equipment industry to strengthen the research and development of intelligent and personalized sports
protection products and equipment. This is not only an inevitable trend for the future development of Chinese sports industry, but also
an important foundation for ensuring the safety of athletes, especially professional players.

Keywords: football protective equipment; additive manufacturing; intelligent design; sports biomechanics

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



BIREETT RN - 2026559 4581
Smart City Application.2026, 9(8)

@f' VISER

518

AEBRGE I R ZNOE A IZ S I H , R BT
2.65 1238 3h 51 o SR, e 9 EE 1 B AR BT A2 ) AR T AR
I i A B0 7 AR AN B AT A B R, 2Bk
BRI EEE R TR (Z05 87%), ¥ b A5

151 2% ~11%, T R JBCE 47 35 B 3 1 19 30%~33%M,

TEX LG H, BB BTN ESE )SFE——Cattermole %5
B FE 2 57% 0 B 3 el = s g pr ™, &
14.1% KA EER, 32.9% K AEMEHIBHER, 50%
RAAER TR EFARIETE T X T S BB 5 37 Fr s e
di gk, FARF M ARIE IR B ARG & B P R
HEITHRL 0.320kN m (1l /g%, Xt 209 44 H##E (1)
DRI 7R 60 2 BL R AMARTE IR [ 8001 A 7N B T3 AR K AR
BT XN R Bl B T RSS2 BT i L R A
A LUR S5 Z R
| o /2 Bk 1990 47 b i 1| 2 5K A2 BRiZ 2l 01 34 i
W, B2 IS T I8 3 B3 ke 45 1) 5 s AR A JE .« 1990
HEZE 2000 4E[A], 2 BRIZF) G RS2 0 He A O i S it
HIFRBE T 20%;: 2 2005 4F, i LuFldt— B % 25%. &
(a)

BX% 12%

HhE/ERR 14%
(RER. BRMEN

AT FUN P BRI ™ B B 5 AT AT A e
i AN ORI IRBE % 2B AR B R S
QDT ELRE B SE LS IR R TR A AT AT BB

TR, MORREE . By sttt S i S U
PRIZER NPT A oK TR ST . = HE R
ARG S NP B, 454 CAD THATBHH R 4%
(IR BELE 4, 1T 386 A e T e B A Y e A g s Ak
Pt e RIS SR AR I AN W25 (75 4% izl
Jr Bz P 20 M AR Se e R O IS - AW T R GURER 1 A2
BRI R A U ATVt e, B G = R YR —— R R
WL FBe M HIEEAR LRI — T iR, JF
PR T “Rrh-HE-PE” MERERTFHERL, DU IZA
SR HE— 2D R R BB R S 5T A R 9

1 REKBIIF R EFRIRE 5T

75 47 709 25 4% 4 Sy ) P R 25 0 A 7 B e o RS,
14037 BRAR A2 JaR T 6 20 PG 45 (1) 3 4% 1T EL 4 76 BU 38 AP Sk il
52 B4 7 ) 75 AT 1 3 R e B Sk B ORI 3 4 DL
MTAMMFESS, WKL R 1R T i IR

T R ERIE S S B RO AR R R

LU L] g

RE. WRE)

nw:«‘lz%k
»

AR 35%
BRR; AEAN

RINARGESA
) man 32%
¢ WER 20%

§ mmsm 6%

() R HRIEMRALBYIE: (o) W WHRHISSHR AL (o Bl—2RBES) Fod L, WA EMIBINE T KOO : 1R S 2-3
PRHEERNAGERIZ N H L. 4 TE (TR SREIRIEE ) 5 B A, 6 EHIEIFTRS. 798, 8B, 9 FIIRTEM 10 FE
B 1 EBEEIRGRPEIFES.

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

91



6” VISER

BIREI T L - 20265598 4581
Smart City Application.2026, 9(8)

1.1 1ARRIR

IR A A Tk ME— E S R RN 55 5 I 1D 5 973
AR [ bR 2 Bk p o B 2 CELZERIM) 58 4 2%, P RRAR
WEERIR 58 S B ol HHIE ARG 1l SR A BRI BT FE S
A% 0 Ty e A KA T T B U8 1) 4 v v b 8 0 il 22 B
PN (R sl i

BRI AR L K R A a5 4 SR SRR etk R
Wi RGBT gL S FRD, R g & 19120
G WEAFMENE (LE-BR IR TRk
BURTSRPERRE, 3D SR A R BT s
sty FE 70 AR G o V= 22 1) 18 0 R AR L AT A 2R ) ] J2= DA
R AERCHR o AN [FL ™ il (8 R 1R e 22 57 . 35— Tatar 4554
R PR R A R 2T A B AR R X LE IR B vt
71 (3KND 25N Wt JE PO ™ i (KT Bl 47 e 0 W S A 2

1.2 EEFR

T B4 o — b N T S MR st i <5 L
HYTIE, FBEE) R RS B . AR LR
TR i A A T A A D (e A D, A
TS 31 85 B AL AR AT R PR Y7, IR B REAL BETH S M
el A el L 2>, BT, FREESTREZR
FIBRET2E . TR TR S IR S-SR, IX BebpRHE (R AR
AEMESRPZ RIS, RERSAT RSB AL . IR B,
87332 Bl GIAEAE A AR P A A A AL 52 BR A A
&, LLRTE R IR A SO R R R A i, e
K, ZHEH IS R G BOR BRI K 2 1R T TR
{1 5 Hhl P KT« e I A R O W8 PO A B it 5
CAD @&#i5 3D FTENSEFBL, FIfERHIA filiE B A
W& BRI PEAL T H

92

1.3 LEPR

SR AL BRI S B IR 2 T D AR R A DA K
SEIT0L, —MOAAFLIEAAT R, 8 R4 A T RS
AEH . McGuine S5 745 5L R S i Hoo 15 D 4F 2 2K
1B BN 53N AR R AR R AT IR B B B AT, e
BT 2023 AF R AR PHI R R Z L R B SR AT TR
A2 DAIE B Sk 3 Lt 38 B M 5 RN 7% 3 45 THH 2 R

1.4 FIRFE

SEITRAFERAIURR DR, [FE A 2 F5 1 B
FRCR  MARTF BRI B AT A TR M A b o 77,
FAETF-FR P P R A S 2% AR TR I FE 2 . i
RINEE & AL 2 A6 5T, Fd i 2 1 808 Rk o R
BRRE . R, FURM BN ERE 2 B TR B IE
DL 22 VRO e e SR R 1848 2540, DRtk s — AN S B
T4 I T ORFF AR D RE IR 2L .

1.5 FIRE

PN EAE T R BR L TR A s 3% &, JHAE FH 2B
BRANVKERIRAT 2 . R EI3ey) LIS o . SRl B 45
HNRAFAIUR , 3t B T TR O A B R L 2R A
BASEBRME o 58 ] 237 15 5 o A VEADRE B i Y T
&R AR SARL, GRS R IE R E .
ok, ARG EREER T NE, A TR
0 358 ek e 82 B K AIRAS S 3X B AP S R b
i H 2 D RE R e T 6 KR .

1.6 FRSFEK

PR R A TR BRI IR XK B RGi4R
&R Meta 73 B, F iy S BB R d b T A LA L
B3 RO B R A % S5EGRINELAELL, P ER
AT LR BIEON B3 H R I ISCRER, B RE
BUN DR ES IR R A B 1 2 AT X AR SR E
HALL A H IR 9 H o BAR— SRR S N B )2
TR A IR, (AR 2128 3) 5 BRIl 12 3015 O A BT
i X BN FE SR S B — S H R L.

1.7 SiER5PEE

TR BT P R AR U 2 S8 AR 7 % il R, b
Tk FE Y EAN R AN KRR, e H ) BRI R 1351 5)
A, FF5 2 b PRI BE 7 A 1T S SO (XU . R, 7E
A 5 T WS A TR = ot 7 T, H A Rk g — 3R
P H IR BT AR 2 B T AR AEAE AR ) Il R T TG v 7 3 A
BIILIR B REs) 51, IR T ReHUE R 24 i AL,
Bz 7Sy DG s AR g, (R TS . A&
BGPTSR 2, AR BEAS vz 43 FH 1 3 A

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



BIREETT RN - 2026559 4581
Smart City Application.2026, 9(8)

@f VISER

2 PP ENERIRITEE

2.1 BFUANGFEIERE

=R TR A R E B IR. i,
FETH P A B % Sense HUAHEN N, i83) 5 A 75 HAL 10s
FEAT, B RS SR RD AT 5 R AL U A B, 4k
iM% 20 178394 AN =K1 4 ity STL = 4EAAY,
FIBKL N 2.4mm. HEGAE RIS AN, =48
Hi B AR | T P R0 T Sz R R R A, RIS IR A
KA U B o485 43 CAD Wi, NS
BB B AR A J) 30 HF .

Xof T % R AR B % 5 4 1) S Cn T R Bt
BUE), CT EURSRML T Mk = 5Lat. fEHHS 1P 2RAF
T B B K FE A DA X 2B B R AL 2L F B IE R R
BRI T AR = R TR, W] N7 i TR L 1 B i
JUfT . ONFE B 4 OB A, BT T AR LALRE, H
HIL HEE 120 25 25 DXt 7K i 25 g P J L AR AR 1 0 ZBTHE A £R B, R
TX Ll 2 BRI B4 HL (1 A B A A 38 R AT

2.2 WWEHNHEHINZITRA

SRECH 50 f5, T /E CAD M8 (1 CREO.
Rhinoceros. SolidWorks) 58 .55 4735 & 1 LA 4
BEARFEN BT SN ME NS H B IR T
RE L SR BE T A1 7 5 R — A 488 A8 351 R A1E 1 8 A <R 1T ADE IR
JREARTE IR — TR N ] 45440 3B S FL i B AE o $PREAR 15
THSRE T, R TR IR AT & s e K ——3d T
ST SR R ML ARG, S AR U 5] A B PR e
T T 1~2 mm (8] B AR 25 B P U

i K 235 ) A S B A R T IR B () S B BT e R
DA BEAR ], $07 « =R 7 MRV EEERIPE ST A%
RREZEHAA . K5 TS B ERFE A ES (2~3mm).,
FEARIEIEE (2.5~3.5mm) KKFEBENAG T . HREZN
M AEE KRS, s RIS BTERETIR, AT &K
FRazmt fa); KRR BRI IR FE /NS, S5 BERE K, EAE
7R 52 T K AT (H AT e PR et o P 3 B e . e FLIR

AU BTSRRI A T T A B A

2.3 EEEMFIERIRITAR

FEBLHIT BIE 70 7% FE M b4 i it T2 240 A PR TIE ] il
PR . EEARGRE . STEMEIRTERE (FRfE
sr AR LA T O B 2 08 18] BE DL K TJREN D5 f/INRRAE R
BRI CGREAREAR/N T 2mm I 5 75 SO R i Bl 5 7
BEJPES); ATENTT R S5 St (A G AT
BT P AT (8] () g 2k A 7 22 5, Rl i 5 BE 7 [ e %
AR AR TT ISR D . BEAN, ST ENRRHE AL 4 %

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

Gy FR AR R 2 [a] RO 578 FR AE BB BUIM BAZE &

3 WM HIER AR EZ P RIN A

3.1 M HIE R ABLR

BRI (S 4EFTED) R T = 4ERAVEHE, midiE
JEHERAMA Bb G 2 = HEP R 1) 13 73, S5 VTN LA R
HEAFAEAR A D] o H T ZARBAHE: AT AL G T2
PASEIRI S 4 U MPRHR B/ i > R
B AR AR IR 44 o JR) PR T .45 75 22 CAD AR A
71 ATERS BESZ B8 IR SCHESS RIS N L 28 2% 1t e v]
FMRHE G IR o 2R BRBT 25 % AUk, B HR £
BAFEMETH CERUTIRERD FAEB ST (Polylet
ZMEHTED.

3.2 EZHRHEMHIE

2 PRI 3 B AR A NI A e 5 TR M RE SE A 1
BARITENRC AT B LA Objet Connex R4, %4
I Z AT EN Sk 7 S A [FDG S A WA RL, 7258 41 RS
TIEZE A, PREARUARL AT 2 T LR A LAIRAR A T
P Z A “ B ek hae R FRIER B (Fulleure 720,
HPEfiE 2000~3000MPa, FifiiiEfE 50~65MPa) fiffifi
SERYSRIE, SRAEIRAEZ R FH R MR ECIR A BL (TangoPlus,
Shore 5 26~28) HRALI AR . WAATRIE [ — 4T Ep
S B U, T il 456, e | R 2e2H 3.

3.3 BRI ARG

Cazon-Martin 2152 # foR 7 MWECTF BT B 2 Mk
HERA ) 3 (P REAR T R IRFE . BF ST BA BT B 4T ED 24 FhAR
(7 it i TR P I TR IR R AT O i, I R PR R SR ER 45
(% '5#19, FARELRR 2mm, BKFERE) HTERS
AR 3 . BB AR TE S aE ) AR A A, K
170mm. % 110mm. FJENFERS 6.25h, JHFE 234g WITEHS
Kby 329 VMBI 4429 SCEERREL, RS EE 100g, 40T
7 4 B A R (37 ~2169) P A7 B o R B 5 T
B L SEMA G 4 BE AR R A2 100 3656, i T bR AR
FEIIE R P (5~60 3EI0), {H 5 b o i R 2T 4
PREMR (29600 3£70) AHELCLE A, 72/ Mt & i
Y FRA AT

Mantecén 55 FI FI 3G A4 il it & 7 F Sk 2 bl ik
Sk BB, ST CT Bodm S /i JLiem, RH
PLA MPRLE I o i IORR R BT B0 i 52 4, P9 v
Ecoflex 0030 fef R B AUM i 2L 21 o Pl AR 2R AR BR — IR 454 (4
BRI BT, A B X IR A IS e R T AR
P NREER . R, Z B AW S hRdE Hybrid 111
S A TR 7 W T R A S 345 475 4 T 7 T R B HH — 3

93



@" VISER

BIREET RN - 2026559 4581
Smart City Application.2026, 9(8)

P, ZESRESHILE 2000LAA, 2B BB 36 S0 B A AT
TE—EREFE N B AR & S 1 FH RN, B 235 4% 7L
W R SR EE 5 T AT BT &

4 PP BRI A

4.1 FHEMR A

V& e 0 2 VA By 47 2 % s By A 1 e e
SR8 = 5. DL IRAR K ], MR B i 5 AR
110mm 4N CBABUINIRD . BT 1kg ik o8 S i 4% 11
BUF: AN B ST (EAZ 10mm. R 19mm) . 5
BORE RGN [ 52 , i 25 S HUN 100~400mm 1
e, R T 1.4~2.8m/s, AEERTUH 143, ik
FED R R R B i CREER 10kHZ), R 5T
Wi & = PR R G0 (2000 WU/AD) SO I0 s FE R 4y B f3-r
o I AL AR AT PTG 237

TRV RN GGl I B R v b 25 38R
FE, VEEBMRERLT) . IR GBI IS EE S IR
PEIRAF, SHRPTAR B 2 I BE 71D R B ELAE R (f%
33 BRI AR 1 3 5 s 2 B, A 158 A W RE R D
o HE Al [A] GER B T BRI B )

4.2 EMHETNIERR

S FHA5E 47 44 T 2 DAy Sk 35 v o A5 5 XIS P S i P
Fro HIC {EER, SkfASZ ik . BT E L&
#fE UNE-EN 1078 ' HIC FRAE 4 1000, £ HONACKL 25 Shr
DA T S A

JV b B AT S PPAG B 5 2%, B2 38T K/ I =
VERIALE . J7 1 BB B LA AR R 1 25 2 R R . By
PRI T R A B ARt 2 ik b 2
MM R R, X B ) S R & e
VAl Z IR AT AT SRR

4.3 #EHHIERES5E AR XTI

1 24 FrH A S A R E YA i s BE R 5 AR
7 F3PEAR. (Adidas Predator Lite #1 Ghost Guard) #4717
AYixtt. (&b (100, 200mm) R A HB S 1 47 il
AR R, (DS 300mm m T
K i kD s S AR T 400mm fi e w
P LRV REAE A A0 50 JE FE 3mm L b A% A A ) B2 A K
(3.5mm),

TEP I E T T, P AR THAE 400mm R R n
HEAE RN 967m/sF 970m/s=2 P sk F S S A BN
2880m/s3F1 1213m/s=2—— 3 B4 il i& i FF 458 7 FH 7= A
42%~68% . 7 IR FETT IH, S & A 3.2~4.2mm,
FIH 5N 5.3~6.7mm, 3% 13%~32%. Al A 77

94

T, B A4 134 kR (8.6~9.3ms) 5 7 I 7= 5 (8.5~9.3ms)
TREER.

5 BEUPRENARERE

5.1 BREAREARNEE

W TR A S S8 R BB By 7 2% 4% o ST v ok A SIS I
WM FZ Z) FURES SIS VEAS , B35 % B e b It 2y
] o AR RS TR A REAR 2 | S BT Ralidr b & A
P, RS A SN AR Y

5.2 FHBIREEM R 5454

TEMRLZ T, Rl i v A 7 5 5 o778 263 Bl P DR AR
JE REERFERLAE S, Ol 2 B TSk B 4o g B 2
AT 4 52 & 4 k) DAL 5 7 b 5 P R LU I S R 45 # A
AT TR B AT S5 8 Ao o B i 5 — SR 58 IE AR R AT B
A AAPUBFFE IR BEATRE (BT DI BRAR), TEAR AR
BN ORFFRERETIE , o AR o T IS A DA A A
B o

FEGERE) JZ T, SEA I IR B SOY RE 0 R R HT AL R
B S TFRE T ) R 2S E] . Liu ZE I A 408 &
JE MRS R TS R R R, B TR &
TEHEB ALy R I A 0 7 1 P S B AR i 2R 4R T,
A ELE AR TN L ER 25 4% Wit

5.3 MEALEIZITTER

YRR SE MG AP RE VP A L G IETE MR
A PR B 2% A BT VE A —— 2 & BT R B AR
PRAEA RS A4 2R, 17 2 BT Al 1) B0 A 38 B R A 1
SE il 8 I ST SR SR R R AR B %
APPSR B IEARR A o BT RIS FEAMY LT
FPEE, WEGE T b AR R AT, X TR R S R
SRR AL A BB R .

6 L

KRILRGHME T RERISEN P& “BRetbeih-14
MEIE-TEREVEAS 7 = — R AAESE . =4
i 5N CAD BRSS9 e %% FTAR YR 12 3 3 /A A
RHEASHRIGERC, AR 3 15 8 A2 B Sl 24
LI 3% SE I T WP A 52 5 2 1 R TR e 45 1 1 — 4k
MBS, B RS FH SR o e SR R o o T B (BRI
42%~68%) FFFHIREE (Jk/> 13%~32%) PR
A LSBT0 4 T PGS R 7= s Sk B AR TR R B Y A
A 7R 5 A T AR A o i %7 22 S T 4RI ZE. 20% DA
W o BT i 2l )5 B REVEAS 7 vEIE I g L B IR
FE W R L AN b [R] 55 Z AR PR S VR, AT R
RGBS HU R 7 BRI - B Re L i

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



BIREETT RN - 2026559 4581
Smart City Application.2026, 9(8)

@f VISER

RGP A& SR T Wgesh b
FeAZ IR ATT T o

SR, S A 36 A e S 2 ok A S B 1
R E I T ARSI, 2 A4 RL ST AT S e R IR AT, 3%
e A S RE B RAL T 73 75 R AR 2R A P 3 S M

% 1) 3= 2 ) T

i AR 22 v Rl B R 52 58 P46 P W [ gt e o oK

R i %%%%ﬁ%%ﬁﬁﬁxzﬁﬁﬁﬁﬁ&ﬁﬁm

N BT HL S 3 5 A R R 5, o 3 R HEB)) A BRI

%%%ﬁ%ﬁé\ﬁﬁﬁ\E%%MHmF SRl
[ 3R]

[1]Ekstrand J,Hagglund M,Walden M.Injury incidence and

injury patterns in professional football: the UEFA injury

study[J].British  Journal Medicine,2011(45):

553-558.

[2]Cattermole HR,Hardy JRW,Gregg PJ. The footballer‘s

fracture[J].British Journal of Sports Medicine,1996(30):

171-175.

[3]Critelli K,Demiris V,Klatt BN,et al.Facemasks block

lower visual field in youth ice hockey[J].Frontiers in Sports

and Active Living,2021(3):787182.

[4]McGuine T,Post E,Pfaller AY,et al.Does soccer headgear

reduce the incidence of sport-related concussion? A cluster,

of Sports

randomised controlled trial of adolescent athletes[J].British
Journal of Sports Medicine,2020(54):408-413.

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

[5]Davis GA,Schneider KJ,Anderson Vet al.Pediatric
recommendations from the
2023[J].Pediatrics,

sport-related  concussion:

Amsterdam  Consensus  Statement
2024(153):89.
[6]Tomas

al.Proof-of-concept study on the feasibility of supercritical

Ferreira J,Bartoletti A,Franca de Sa S,et

carbon dioxide-assisted consolidation treatment for a pair of
goalkeeper gloves[J].Sustainability,2024(16):1562.
[7]Cazon-Martin A, lturriza-Campelo M,Matey-Munoz L,et
al.Design  and manufacturing of shin pads with
multi-material additive manufactured features for football
players[J].Proceedings of the Institution of Mechanical
Engineers,Part P,2018,1(233):160.

[8]Mantec&n R,Valverde-Marcos B,Rubio l.et al.Additive
manufacturing of polymeric head surrogates for impact
testing of sports
2024,16(12):1753.
[9]Liu K,Li PWang Z.Buckling-regulated origami materials

protective  equipment[J].Polymers,

with  synergy of deployable and undeployable
features[J].International Journal of Mechanical Sciences,
2023(247):108167.

e E A g (1999—), %, Nik, THEFMA, &
ﬁﬁﬁé,%w%ﬁﬂ% FIREFEL LY, AR H:

BHRE, KEERERL.

95



