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Development analysis of American high energy laser scaling initiative

YI Hengyu', QI Yu', SUO Xingwen’, YI Xinyi’
(1. Institute of Applied Electronic, China Academy of Engineering Physics, Mianyang 621900, China;
2. National Innovation Institute of Defense Technology, Academy of Military Sciences, Beijing 100071, China;
3. Department of Chemistry, Fudan University, Shanghai 200438, China)

Abstract: Performance of high energy laser (HEL) directly determines the damage ability and strike range of
laser directional energy, and the United States has launched a series of plans to develop high-power, high-
efficiency, compact, lightweight and robust lasers for battlefield. In 2019, the high energy laser scaling
initiative (HELSI) was proposed, and the latest national laser amplification route was formulated. Firstly, the
background, research contents and implementation stages of this HELSI were introduced. Secondly, the
research progress of 300 kW in the first stage of HELSI was analyzed. Finally, the subsequent influences of
HELSI progress was reviewed. Comprehensive analyses show that the Lockheed has won the first stage by its
spectrally combined fiber laser technology, not only obtaining production orders of 300 kW HEL of US Army,
but also entering the second stage of HELSI to get development contract of 500 kW HEL firstly. The progress
of HELSI has made missile defense agency (MDA) pay more attention to laser weapons used to intercept
boost-phase ballistic missiles. HELSI supports four technical approaches of HEL for competitive development.
However, which one will eventually be deployed on the battlefield in the future needs to be strengthened the

early research and break through the technical fog.
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Be e . O o 1] B S VR BURA IR A S R A . H K
s ZBILIR, S | IR ST RO R A S
W, HRRE P W, wE | fEE ., DAy sEk
ik E RAEBAE R 1 R IRBOLR AR . o, EEFE
WARZ, @& T — R &Rk Lt it #E
3l 22 1 15 R WO IR AR BRI b T R B 45 S K
Vo I 60 RAFEMKIE, BOLEMBC AT T
“HORBER N RGEHOR TR B, B ATIEAL T
CRAL BT BRI . AME T A R R RO A2 0] RE
HR, AR B E 10 B8 1 8% is A% 51 & — 08T
T/ S N 4 8

e BB THOG IR AR AR OB IR Bz T 0L R
i 1 584 RE T RN IR AR O 3 D ) g O Y i
T, O ISR [ 7 R A S B R A A I A
iR sl T 2T, w2002 45 9 AR sy Bk G
= Iy R K 3% #% (joint high power solid-state
laser, JHPSSL) " 3141, % [& 1A O &5 14 it D 232 o
10 kW 2 7 2l HOR BOE & TTHE 100 kW; 2003 4F
Ji Bl B 1R RE TR O X35k 7 15 3 4t (high energy
liquid laser defense system, HELLADS) " %] , 5 [#]
RO AR R4 /N T 1 A5 9% 2010 4R J5 3h i1y
“ 1 5 7Y PO 2% 71 R (robust electric laser initia-
tive, RELD) ", ¥ BER BG4 (5 6EF BOBER) 1ok
L 2 38R HE T B 40%; 5 b [R] B, T Bl 2 45 42 1
il A1 MDA 8 J5 3l 1 5 BE IO & AH DG 58 114 .
XTI H AR R BRSO SRk, B R
sk, AR E S5 = O T 0 1 1 1 RO
o FEJA BN Z ), X S T R R S R 2 Fh B R I 2k
AT R, Bl e iR, Phik il 1~2 FhoR
BEETHOEAS, B L.

TSR Z ) GERR, K RBOER
R R, 2019 4E 4 A 8 H, £EE BB K
I35 % (office of the secretary of defense, OSD) Ji3 5
7 HELST 34 W, il 2 th 58 i ] 5 B0 Gt R i
g, - SR ERAER RN, 2
WIS T . 2022 48 58 WU — Y By H B,
W 1 300 kW A9 = REHOGAS; BT i A5
B B2 500 kW BOG AR I WF 6, PRI 2 X i 3R]
HATIRAMSE . T EAIMHOLR AR R G,

A B 2 SCIRY PR, i B Ah S Re oL 3 & R
THA 04 43 B 5 T, AR DG SCRRAS D o AR SCHE 43 BT 36
[ HELSI T3 (4 J8 s 75 5t R 58 N2 . St B B,
H R 53 Hr HELST %) 55 — i Bt 300 kW 1) #fF 5% i
J&, f5eJei Wik HELSI 3Rk Ji2 i) J5 825 1

1 HELSI itX|
1.1 BHER
1.1.1 HEL TVD #ALAT 4] it X

HELSI 331 55 — By Bt 300 kW 30628 19 Wk il B
b, SRR T A2 Y 5 RO AR 42 35 7R 2% (high
energy laser tactical vehicle demonstrator, HEL TVD)”
T H B

A RHOL AR I H S 38 [ 4 By 5 RS B A
PAAL I P STz —, H AR AL 3l 7 BA §2 £ 1
BER 23, XUHT % EUE . 24 2017 4F HEL MD A 4L
SEHE 60 kW AR CIRTIUR, i8R 3 1T 100 kW
2% HEL TVD &1, H A O I8 48 i 25 Hh 2
AR AR F, T8 7 Bl 4 ) 45 K T By 4 RE T - RE RO
(indirect fire protection capability-high energy laser,
IFPC-HEL) £ J1, Qi 1 fir7s o 2018 4F 7~8 J, fifi
BRI 3 T A 31 RGEA F-I% - DA T
B A5 P 00 S AT BA A5 4R 436 T 1000 7 3658, T
100 kW 7= 2806 AR B9 R 907 R B 2019
5 A BT T W 258 b5 B B0 07 2 0FA, T
% - 55N\ 2R OB % A A% (spectral beam combining,
SBC)YLEF O v F B BR 2L, A7 B T4 w /R O
B0 AT E PR AT SE AR CORBE ), BB ) R G-
% - B BN, 3R A5 B 25— 1.3 42600, S
3R RGETT R AE S A A

B 1 100 kW £ HEL TVD ##
Fig. 1 100 kW HEL TVD prototype
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A0 150 kW 2 43 J2 SO B AR AL 2 T 4a AF
il 2022 4 2 A AU S5 Yy, 35 [ Rl 4505 Be
WO Z G e AT ORI, W T AR R
B AT T A TC A ALEEAR; 2015 4 A B9 150
kW G “WOLIR AR RGN 487 T 2019 4R 5080 T4
HLEE AT, 2020 4F 5 £ K 3 & 0y 4 58 6 A ML,
2021 4F 12 A AW T ¥ Wi 2 56 i B9 I H br
FEADR, BA T 7 Jo N 2 B ke AR RE 7 1 AR g
FIU A BT R A AR B B R R, S [ B
N Ry i 22 HEL TVD 3 H rf A 5RO I8 19 6 il 5
Prat FARSF s 0 H IR, B0t a4 b DR i
100 kW 2 7+ 2] 300 kW, A Bl T 47 o 380 T 5t
KT AN HF5
1.1.2 MDA Z & #& 3t X

HL 2k 3% % (airborne laser, ABL) i+ % F & )5,
MDA # 1 T “HLE BTG 2.0" /48, ik 2 frws, B
TR KU T AN O, 288
Bhfe B S, R, 2013~2021 IH4EJE B T “5E
[ RERF ST R, B MW S0 2% 5 2017~2023 Tt
RSN T M REREHLIT &7 TR, B AR R
% 5 28 1 7R 2% (low power laser demonstrator, LP-
LD)” ., i id x4t %), MDA i 7E 2020 4F 5 T
J& LPLD REHLIR K, 2021 4F 1 5 i 30t A Fa e
MR, ZJ5 ¥ e — R 5 SR i I ) 2R s i

(b) A [ REREHLIH I
2 MDA S#E#E#itxI
Fig.2 Missile interception plan of MDA
MDA “ HLAEHOE 2.07 44 £ f% 5C 2 20T i
DI 1 kg/kW B9 MW 25 805 B RO
fro AE M BEMETE I RIGE B T =R AEOREAR, 41

Il 57 48 38 ) B 5 K [ 8 5 6 2 ) A A T
P 18t %% (diode pumped alkali laser, DPAL) | R4
PR 4 B AR S8 50 = 9 OG £F G L BOG 28 (fiber
combined laser, FCL) . i FH J5L 128 5] A8 40 A 2 4 25
2% (distributed gain laser, DGL), H:H DGL i &
2019 4F 5| AR, T mREME AR TR AR TE
VFZ IR PR L . R 218, R BUS 2 & I BEFE
HLIF & v H4l 6 LPLD 7R3 H ok TR .

Al LA 2], MDA 19 #0648 08 6l H bR i T8
o YT MW HROGE I E AR KU & &, g T
i ) AT i B v NS s = I = S S S R =
JH, R E B R PO TOR P A
12 MRAR

T Z2 A~ 5 REWOE H AR 5T 1) A0 = At F 5 3
H IS HE T, 56 1Y m RE IO H AR U Pt 4 Jg
ZREARITREC LTI T 150 kW I R4t .
FAET N FN, [ B &8I A i £ 5 O B 2R T el
LA BT, JF T = T AR A B B AL 1] e A,
DI A Sy 38 A 8O0 538 28 75 A W 9 iR F &
Fo FFEIh, HETX L) HE 1Y B N 7
PN 1Pl v e g 3 P s 53 N S i
LR 0] Be I 48 & 8 75 SR 19 B ¢ & I8, B4R N 4k
304230l B FEROGR AR K, 3
FE] 2 AR S% 7, v/ OGRS RS SR AT )
(size, weight and power, SWaP ) LA N AR5 3K o

2019 44 H 8 H,3&E OSD JHsl I HELSI #4",
Lrh i LM, AR EOG AR P e 4
Ao I RIBRE R 300 kW T 5 ) R K O
i BB a AB) [ 7 48 P =, HH bR 2
FE 2022 4F i AT 2 3 300 kW 9% = AR OE %, 2025
AE AR 2 500 kW 2%, 2028 4F K45 2 1 000 kW
Y, W 3 BiR . fE 2019~2027 WHAEA], 4E 428
142300, W HBE T

N
*2022 4R 300 T LA RERO LAY
J

N
*2025 AFJAR R ZE 500 T FLg%
J

-
2028 4P A & 1000 T4

3 HELSI WX E M 2 B iR
Fig.3 Objectives for each phase of HELSI program
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% B3] MDA X i REOE #5819 SWaP 753K, LA
Fozs RN 6 W E A8 7, 455 300 kW I
IS BB T HE (B R 1, HELST R 8 € 1 8 i/
B R AN NS VB I B S AN 07 o5 N = TN S
T R R 20, BOROE R R G0 AE BOE TR

T A58 (EL 6 NG BHLER T ) 1Y ) 2% /5 it LUV
iR #] 2 kg/kW, % H R F5 45 T HELLADS if
RIIHEFR 5 kg/kW, 35T T MDA & [0 fEHRI (04545
1 kg/kW., 35 143552 3 [E HELST 340 3479 5 g
HOGCER DI B2 A AR FE 7 -

#F 1 HELSI MXIMIHERMINELL
Table 1 Power and power ratio of HELSI planning

T H 2 hFE AR kW oA RET&EEIF N iR S FrE (PIB,) /%
FEAT 250~300 2022 <20 kg/kW, <40 /kW 25
A eI 1 150 2022 2~3 kg/kW, 3 kW 30
Al eI 300 2024 2-3 kg/kW, 3 /kW 30~40
FATR2 500 2025 <15 kg/kW, <30 kW 25
A eI 3 500 2025 2~3 kg/kW, 3 /kW 30~40
FEATR3 1000 2028 <10 kg/kW, <20 ’kW 35~40
T 2EIi4 1000 2028 2 kg/kW, 3 kW 35~40

2% 1 H R FH A BB 2 R sl A H 2 2 (power in the
bucket, PIB) 2K WA OG89 T i, RAF I
S R e AR R . BRARY I 0 3 R A A
A2 N 1.224/D, X R 9 S B BE 2R [ T # PIB,
84%. PR S R O TR A4 AT ST A Bkt g FHAR S PR L,
HC SEBE I AR O IR b 52 B 2R [ 2 22 PIBe
R I A B AR 1.54/D.

2021 4 4 A b Ay, 36 [ I B a5 S TR
PRI e iy - 2 4 Wl s A S S B ik Ak 2
B os E By /N 22 D 2s Wik 2, Bt 1 B R S
87 R FUET], HFHEANL T HELSI iK1,

1.3 HREEE

HELSI 3l AR % Bl (% s Re ot &, 648 7%
T A G 4T B % (spectrally combined fiber laser,
SCFL) . 1+ & B 4 it 45 (coherently combined
fiber laser, CCFL) | 3 fii sU 43 #OG &% (DGL) . —
WA il 32 Bk 4 & OB 4% (DPAL) S5 DU AP H R 5 &6

XU RO RS, TEBAR LR 1 KRB h
X — R LRI G T, EE B 2RO
ik B S HE AT AT BE S AR R,
SCFL. CCFL %53 55 —J&J& 5 1 A2 fag th 07 5,
DGL. DPAL 4, i iz B i 45 A Bt 148 4 B F
1758 bR K, X A e 2 A3 Sy B IR R R 3
P& i K (master oscillator power amplifier, MOPA )
FhEHY
1.3.1 Rigam

e G WU SR A O (EAA ) 55 i
TJo, AR AR AR BRI AN TR O,

JI AR K B e B LA R RO R, Al 4 i
N o ZTT SR B T A ) e R AR IR
BT AR . Ol A AR BB 2 A B Y
A e, 8 A B O A% 5L 8 2 RO Y 3L AL
T i, TG R T 25 [RS8 2 o % v A i/ 8 3
Fr2x w705 1 I ER LR D 3145 54 1Y
G TR, 48 R R SO GHIE O HURMEE AR 1

fihoL

SR

téT%ﬂ

E4 SBC##REE
Fig. 4 Structure diagram of SBC

JETEE E A B A5 2 BEARAS By 14 A
AT B, AN AT 5 R 55 I B 42 5 i EL
LRI, 8 TANG I IRIE . B XS5 G
AR B8 SN R b o SN R S R B
i R, AAAE DR OR B RR
132 AFE &

o5 BB [T ASTROL A% A9 A T 45 BRI 20 R4 [ 5K
FA G PR . FEAR PR AP, e ) — A B T 4R
g (MO) i i B9 Fh 10, Zead 2y s, o Hoh—
WAE Ay AR O B0E vh AP 22 R 2 28 0,
RIVRZ LB R RS (PA) J5, #—E 15107
AHEAT 2 A B, SEBOEH G AL, Wik 5 iR . A
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Fig. 5 Schematic diagram of coherent synthesis of slab laser

I3 — PR A AR SR 3 e S oo
(diffractive optical elements, DOE ) fit) 175 5 5%, [z 5 7
2, B G ET 5 ) D R g Ak 5 A BRSO R,
HAWCRBUR | mse B AR, W 6 . X
RGN 227 A OG I 37 55 %, AT LAAE PIB 355
R, (T3 56 DOE il 8 B 5 4%, i HLii T
(R i

BB SIS DOEJEfF PMIE(

=F— N I
==
VIt il LI 5T ZWOLRH
6 DOEfF&amAiBrEE
Fig. 6 Schematic diagram of DOE coherent synthesis op-

tical path
133 54 X¥a
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RO EE 7T B AT RS, B T BN
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AL AURORE P 1 B 5 G T VR 95 B R ¥ IR
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Fig. 7 HELLADS laser resonator

1.3.4 DPAL

DPAL J& = REZ 25 1), L4 25 4 it 3 202 K.
Rb #l Cs ST, B TR S S LRg K mIBEAR /N, {f
1308 4 I8 IR T BOG BRI A B T 95.3% 1 i T Ak
RPN SCHER [25] A T LR T ROR B R Y [
OGRS, T DPAL B K0 TR & 0N, Hik
T RAME . 5 EKRVEL #OE 8841 b, DPAL
5 T80 R, DA TR B AR, AT R b A A2
Fek s ARG 25 A B AT M L AT AR
T S AR B, I T 3 3k A I3 I 20 SR D A PRI 5 IE £k
P R0NE 0 2 845 R T 55, R A T B in A B
AN 25 3 VR 00 Sk R A T O T R bR iR .
AL O R A L, DPAL #4354 FRCTE . G
fa W, i HAs A7 O e K5 g 4%, iR e 4544
faj B PRFRE T H R A RBET oR o I B
J&, DPAL #% 22 th GRS RS, X T ot sl #8152 6%
B EEANE . (BRI S YR b, R
e 252 3 VR 2% 56 T A M 1 4 DE T | B 1 ¥ e 45 T 7
1) TR AR PR

2 HELSI X E
2.1 XiEs

%S EOEIE A R AR, AT Rk
AREITEN T, BESZ I 42% 0 HOGHE B S0K, T B
£33 NS N N = B (TR S0 % N & W DR E
YRR

2019 4 10 H 14 H, 3% - B2 Al R i A
Fe AR O E 1 sh# 100 kW 32 5 2 300 kW 2
AT, R b AR S R 32 T3, IR HI R 5
BN S R 38, Bh T LA OE 2 1 G4 o6 3% T
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TE HELSI i+ o, 7% - 55 2% w] I 4 A\ RELL 3
¥, FECT —REBERE D ROLER L (laser
advancements for next-generation compact environ-
ments, LANCE ) 314 F1 v 4% 4 iU H F il 9L 2 e
Y 155 BE ¥ ' #% 7 (high energy laser with integrated
optical-dazzler and surveillance, HELIOS) 11 %1 #k 15
MZFEMTREL . WA T 2014 421 H 28 Hit
il t 30 kW 2% RELI JE£F Ot 48 2017 4F 3 H 581K
60 kW 2 RELI #OC 2% B, I3 A5F ki 2 48 1 1
T REOERE SR 2% 15 2022 4F 2 A 843 %E 50 kW
() LANCE #ot#%, 187 T HOt & i AR o 5
o 2019 4F %, % -5/ Bl 1Y R 48 J7 5838 i HELSI
TS — B By SR T H A8 2022 4F 9 H 15 H
WF 300 kW G, R4 aT T 15 K2,
22 HFER

TE WG e ) 2R B ABO G & (THPSSL) 181 32
FEF, Wk 2 w2009 AF 38 S5 A 5 B 7 =C0E I
105 kW AR, (Z B8R RE K, 2R 1
A 20% ZE A, SEBR b IFAS g Sr BV #6318 A .
Z I, VAR S ) RS [ I JRATT A TG R R
9%, 76 RELLTHRISCHE T, 4824 ) 5 R BT
M LR EAE, T 201245 5 H 5L 1.9 kW
FISOEH S Z R34S T 23 kW BRI R, 153
2 HbR, #E AR RELL R4 BB

20154 9 H 22 H, & EHE 2055 I A % (offi-
ce of naval research, ONR) JFi 51 T 150 kW [& {4 =5 fig
R 2% R G kEHL (laser weapons system demonstr-
ator, LWSD) 111, fie 2 H 952 76 I a0 ZE i I 52 3
U X Jo AR AR /N AR B 4T Th 3 R . 7RI
THRISCHE R, 2019 4838 4% 23 W 52 T RELI i3] A
i5¢ 1 LWSD R Ge it ifil, I 32 A5 ¥ 42 T Jre AR 2 4%
Bo 2020 4F 5 H, SEEEZEAERCF AN T LWSD
R G0 AE B M BE, BT HE B TE AL . 2021 4F
12 A, 76T 52 2 L7 B bs i 22 a8 Ik,
JEEFRIZ RG] B T 47 5 TN 2 3 R PR
fiE . 7E 26 [E [ B 3 HELSI 3 % 52 #5 T , 2022 4F
7H 115, i A& F 5L 300 kW R S8 E R
WIHPEE P,

23 SRS

16 HELLADS 34 35 R, 2015 4538 H R+ 24
FIAEH T4 =A% 75 kW 9% DGL 5 He, D& ey
4 kg/kWP; 2016 4738 13 2 A~ EB B TE B 150 kW
% HELLADS BG4, 2807 Fib T il g, Xt 42K
H bR 2B 47T 528 FT 4K . 2020 4F WF il /9 55 -E AR

DGL e, &2 00 in K, JF 4 e 7O i,
Kl 8 B o

OHLR
8 BREFARNSEEMLE
Fig. 8 High energy laser of General Atoms Company

I %} OSD Jii 3 9 HELSI 3141, A K fifi 4= HEL
TVD i H 5] 300 kW # ¥ 5 i1 % , 2020 4F 10 A
13 H, T AR S EEARGE, 2560 %
HEL TVD 5 H & [f5ahr . 2021 4F 10 25 H 4k 45
Fili 42 e 8 RE T A1 OGB4 AR I 23 % (rapid capabilities
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