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ABSTRACT

The gun-barrel CH’ON-JA-CH’ONG-T’ONG was the largest cannon in a series of the barrel type fire-
arms used from the earliest period of the Chosdn dynasty era. Specifications, including the ranges of
the iron cannon ball and Large General-Arrow fired from the gun-barrel, are found in old documents
and the ranges of the Large General-Arrow specified in the weapons manual Yungwdn P’ilbi(1813) corre-
spond to the distances of 1,134 m and 1,512 m after unit conversion. In the present report, the trajectories
of the Large General-Arrow fired from CH’ON-JA-CH’ONG-T’ONG have been evaluated for each gun
elevation by use of the computer code “Projectile Design and Analysis System”. The 32-kg Large General-
Arrow with the full length of 2,77 m and the diameter of 12cm was assumed to be fired with 1.16kg
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gunpowder. The calculation for the maximum range yields 786 m at 44° elevation. Calculated trajectories.
for each elevation are graphically represented and also tabulated to show the flight data. Then, the
effective gun range, i.e., the point blank shot, is estimated to be about 70 m which seems quite
perceptible in the context of the successful outcomes at sea battles demonstrated by Admiral Yi Sun-

Sin’s iron-clad turtle-boats in 1592.
1. F &

i 27 ke F2 kY Azrlgol FAHAA HE FUIFHE FI71€Y RudA
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ol F WIEERARS A Al ke A A wl 13(1813)wd AEEE 98l WA, gEg=
FRE LA ] 2 vreld ok, B Ak o xﬂaalﬂ PEEE MREUEIY T2 A9 5Y3 A
°i£ RS ¢ F Aok TRELMEIS KFgE Kegimol A dAE & KiEE e g fﬁlﬁ

€ 23 1o 32, BT £F HE 1A HEEES 3 1 9 % 24 a9stgrt.

X 264 BE ulel o] KagifmolA & MBS HEEME 1,200 4(1,512m), T
o] ERe A$E 2,000 84 (2,520m)E FHe] ot

Table 1. Specifications of the Korean Gun-Barrels (from Yungwdn P’ilb:),

o (] r ® | & B | ® B |k B ] K
Gun-Barrel Calibre Length Weight - Powder Projggctile%
K OF O W - - x % E &
CHONIA 5 64 6R 6 34 1,209 f& 30 W Large General-Artow
. K OB O X A
Cannon (11.8cm) (139 cm) (725 ke) (1.125 ke) Lead-Coated Iron Ball}
o ok ‘ - i k5 i
| }ﬂlz J ¥ H s I SRevTH | 7 20 i GeneraE prroul |
- “annon i XK B o K A
' (10. 5cm) ‘r (118 cm) (434 kg) (0.75 kg) Lead-Coated Iron Ball
¥ OF O 2+ 9% AR 1% 155 - AR % * 5
. & A
HYONTA | Gogem) (84.2 cm) (93 ke) ©.15k) | b B 8 B |
¥ ¥ % oM, 24 2% 3R 6% 44 130 /7 3 7 4 7 e
’ . $h A
TWANG-JA | (4 6cm) (76.4cm) (78 ke) (0.11 kg) G- )

X FER 1KA=21cm, 1=16 & =600 g.

1) Z2H5E, HEpERe), B 1984; b, TERY Kklel, 1977; 8, ESRwHASHE, —
A&k, 1981,
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Table 2. Specifications of the Projectiles for the Korean Gun-Barrels (from Yungwon P’ilbi).

% fa % Arrow ' b 3 Cannon Ball
TE 0 = [i=A ® 5t #
Gun-Barrel Length Weighti Range I Diameter l V}EYexght Range
R OF B M| ok ’
CH-ON-JA 11 R 9+ 50 T 1, 200/ 3~k 64 1088
Cannon (250 cm) (30 kg) (1 512 m) (7.56 cm) (7 8 kg) (4 km)
. R 4_3_ T , i
3% chéﬁno'f OR 2~ 35| 83T 2,000 ! 25 947 ‘ 8 - 10642
i (194 cm) (19.8 kg) (2,520 m) (6.09 cm) (4.8 kg) (4 km)
Z £1 x 7\ il | I
HY NJA 6R 3~ 74 7T 2,000 % 1~ 74 17 13/ 10 R
|__Cannon (1: 4cm> (4.2kg) (2,520 m) (8.57cm) 1 (1,09kg) (4km)
- i 1 |
HWANG-JA . N ’ 3F 87 1,100 % } 1+ 34 ‘ B3 10BIE
Cannon (132 Cm) i (2.1kg) 1 (1,386 m) (2.73cm) (0.49kg) = (4km) |

il AR A el o dke] TRESHKNE = 1,20025, TAKEEN G = 900 4, s & 200 - fv
FUGHEAT iEel = 2,000 (432 5o] gl

LRAERL DA WREAKHY, B ERRie ARAde Z4E X358 1A /‘J%X—Tﬁ.i SR
olub & kel Al T AE AFgoh zaid JEEE 2SS WY AstE A REILE
Toewn i)l A48 wpebRy] 2bo] B3 7,8 Bivk WA =Y PA HES 2ol A E FH 40047 0]
Wl Ay Ag Z 3, 283 b o]l A7) EHY 12 o] o ofd] W] Qlamee.. 7] v
ol <A “‘1 ol “éz_n AAste] & 2z AQor)t ke Yol v XA XA GREEM W)
fory, = oge] wl S Bz Aot B AEolek PR T oulvt 44 A ¢ gl By
------ Petx 23 gtk 919 A EUSem Botb AP E PN Al 1km o2 Az Sl

g7 ol = GHEREL

§ dgez AT e 4l 10° W9 EATAHRe 2 MIEES A9
| 2] orolel o] obdzt hrh. AEFEIS 1HI(400m) AR 91 FERFEL A9 UEL
Jiebe, WA AFAE YA Aoz A5t gl
Jﬂ"' Hiffe(range) o] Ao} A ] 9] HEhSHigE (effective gun range) & W 7hohE 2 & 59
Wik Qoldl 16~10 1ol kel A4, w——a AR AAF 2AAD A obd F AR
}-‘” Kol 9)ate] E FAUNE AR 5 549 $AFAE vt2 23 HK RS 29
A A Aolv. B dncelAlw skl -q,x 2 azlep kpol 2she Krdiiig 9o, o
Aol A EhE KSR ¥LEE General Electricjjtel Al Ztsl A4k 2223 PRODAS-81(Pro-
jectile Design and Analysis System)& 4 A4stgeh. 2z otiid s icE 2 Ry
o 9ol A fApA Ml Fokel A Hghrh

REGlA e was] kgEe] Mol whaE BHMSS] T M (muzele velocity) & fEET o 2
KHsHRTe] FhE ﬁl*&‘}é 7 0] EB@O]UE Kepmae] =5 -3_— 7eka] A Eoh dd d4dh7kE
MG ke Sadpel Sheh B RS wEN, Tag Al dAA s ek X
kel BiKe d gk 11.5~13cm, BRERIZEA S HR-E 90~100cm, K& 120~140cm, 22

) mmmE, DGR, il 254 FRA592) 6 A 14 0 UREREA).
3) P. Padfield, “Guns at Sea”, Hugh Evelyn London, 1973.
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I FAE 300~400 kg (FIELE 101 E 725ke) AER FHo Q. Fzg vt &8t 7}
ZF 2HA5 TEHZI088 RESHMH 15557 BARKS TCEI# ReEsE6092)] A58 29
2] AAstF et ©

KEHS] kg Abgeke TREMEIN 301 125kg) o2 Heo] glovt, dFAL 427349 K
gitne] ghsrel & B1MeE BAIH ] Slol, MpHEEY Hwde Aoz 31HI1.163ke) 7k
+ AHE3h o

KUGERT ale] = TaENE 9 1934 12] J. L. Boots 9] $#i4:7A>E aatg el MaEL )
9] EFR(=zd Dol W f#fe] 2Eo] 250cm, FA7} 30kg(50 f)olZ, Boots 7} #E#9 Abzle
2 AAG fie 2ol 9feet linch, F 276.9cm 9] Aojch(zd 3 =), 7/ AE o] EH At
Aol TAZ I By AMESY F2E BEEd A9t 28 45 2 #EeH, #9Y
g 7.86, 1o vESE 0.6 22 S9E 9 Y FAE 3l.6kgo® FAHH

. RAFEFTS BEHH
L WOEES #E

A Al A HEER BB BRE mo BRI OE olgd ®, 2 o¥EE VE YR
RS J4Fozy 283 HEL T ok F Ao AdA £RE #elu xS @t E
Bolv x| o darH e FaduR], EHBAAY frEevx], 28z 7g &4 2 I FEE
238 BEAVA 5o Foletm Bot o] & gl o Red FRE F Yok ©

. —T(%_Ef:%—m & (D
A71A e & BB ARG, CF/(r—DL HHERY JdWAE Jepin, Cx& HgEHe 34, r
= W#EE C/Co 2 A BfnkdEel 3 BREE 1.25 000k, #OBH SR GRH o e M)
ol GAA T o] k#o] ALEE AF FAEY B, 0.095 Aot FE HelEme #
#E) (impetus) 0. 2 A] AL kgEe] 79~ 286,756 m*/sec’ o]tk wi-¢ @ty AXolvt (DXL o) &
sle] 2R Q] AMENY MnEES FA3ATr. Krsiine] 85eS 1.163kg (31 Hi), KIS
9 FAE 3l.6kg o2 9T WY MOHEE 89.6m/s 7t "k AHE 90m/s = Yo

2. EEARERXO CHEH BE

N MifeE Bofok StEE 2 WMGERT MEER S HhEEY) 69 EEEReR A 9
oh ZHRVEBRY B BAMBGET)S R HE AEERA e s HHEEREtE H
Toll BlEd SEEBREECRE O SRl EBRAE Aot 28z BT BhEN REEE
EAFezA BT RTLXBGHS TEA)E 22 4 Ak KB 2 4o (shear) Fo2 B
gtikmiol fefshs @2 finsol Bhhoed fEASs "=RHBN SEhez dxgg. =3

4) Hifig, TG AMESE), ENRE W, REARL, 1975 FHEL, 28,

5) John L. Boots, “Korean Weapons and Armor,” Transactions of the Korea Branch of the Royal
Asiatic Society, Vol. XXIII. Part IL., 1934.

6) “Propellant Actuated Devices” in Engineering Design Handbook, AMC Pamphlet 706-270, 1963.
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o] miE 1My AL HiJ1(drag force) B #H(lift force) S0 2 R FH & oz, FAFAd A
3 [ o (ERISHA "ek o] EighE B, dUE, AA% 5o miels 2¥ 55 BE
Bi(fin)o] =2 459 {RFIEE) (vawing motion)& X-Z Pl dHH 4oz whrsglete 7] A
olc}, ubebA 7|3 €% (pitching motion)shg 2%eh. iy, H B EEAY Z7E AA D,
L 5 M, z2l = el HiEEd e e} o] F= MILE On X~ZZF»Eﬁo?]%19] FAFA ol A EHpE
(transverse moment of inertia)< I, JHEFRIE 9} X-iffio] o] F& MAE ¢tz 9 SEEIHELS
oh&-3} 7o) =it}

mX=—L sin §— D cos # @
mZ=L cos 6 —D sin 6—mg 3

A A A, B D e HRIBGAH C, Co R Cu g 21 H59 A4 g

L=Cp - %p VA (5)
D=Cs - 5pV*A 6)
M=Cu - pV*Ad @

9, pi N, AT RS WE, =93 Jb RS gl zav oS flME B
giase) Asha T2k LM R 253 Bak o W) mvh A zaod
oM‘: Bomel Ao WA Ao 4L TAFAe] A8z g,

e} WEtEe] A3 S T2 PRODAS-81 & WTY Mike Edz wiliB
wr @mﬂa FASE 4 AREEE 3E AT @l 69 LEUAAL Bl
S ANEE 715e AAw Y7

3. FtERER

Wigrel Aol 277 cm, [iffel 12cem, A7} 31.6kg o KUGHEOl FADMEE 90 m/sec = EE4F
598 o9 gt 4 wbrae] #bE FHRSIsch #19 wefh, S f19 dho] e 2t
o] = 14 6,(THETA MISS)L 2] Yifio] Rl S1%ol & A$E ()= FYsg}. gl
5°, 10°, 20° 2 44°9 =9 FHILERE 29 6-1~28 64 A7 EASD 3, S 5°, 10°
20°, 30° % 4d°e] whek AR HEEME 27 654 22 dxe mAsch

3

V. fE 2 HhyEREe] #Hea
FHGERTS WHE A 4. MTERE £ 3 R X 44 FHEA}. B4 %EAfall angle)
L FETF i) A 9] BEEe] BHfe] AKTEI ol FE MEE RS FHE LY BASHREmE s
44°0 w3 WA 2A 786 m 7k Hrth
WA EnTaee] A 786 m & TEUEM IS KFEHEIES 1,200 4 (1,512 m) 9 KISE L)

”) JR. Burr;gtt W H Hathav» ray, and R.H. Whyte, “Projectile Design and Analysis System,” General
Electric Co., 1981.
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Table 3. Summary of calculated trajectories and flight data for the Large General-Arrow fired at

elevations of 0°,5° and 10°.

L—E:Diameterﬁg l 12.0 cm ‘ 12.0cm 12.0cm
iwfﬁght% | 31.6 kg | 31.6 ke 31.6 kg
a]Muz. Velj.E * 90 m/s , 90 m/s 90m/s
2 o, Ve | [ 89 m/s } 88 m/s
*Elevationﬁq ‘ 0° | 5 l 10°
Fall Angle | | -5 | -
AT KEAS | MiEe | A | mawel | AFAN | WA
Time ‘ Hor. Dist. Height i Hor. Dist. ! Height ' Hor. Dist. ’ Height
0.5 | 45m ~Lzm | gm | 27m | um | e6m
Gl 1 &8 | ~46 | 8 | sz | 8 | 109
1"§ Ls |1 fo-w2 | oms | one | o | 1o
= um | | |2 | oamm | |
as r o | | I N R P
* 25 | | ] |2 100
3| | | ‘ | a2 | a7
332 | ‘ | | B

9004 (1, 134 m) o} vl @ o 7z} 52% 9 70%°] == Azjelvh. ThIERERY KFEHFE
T OKISESTG6 F 307 5 34.7ke) Y AR A S 900 2 A BEn glomz® Alikgle] A9 7
Fol X rlAxz g AL FAT =+ o

Foz RIGLNTS #tkel el Aol H At (effective gun range)ol] thate] B2 B2 g
oh. i BRIl A= sETolvh MR, = FS] 5 59 shdl fH) Gike] o) % fbH o]l
< Aolv], =3 Z AR & ol i o dobE # i ke HLEAE & Sl IA
< Aolch, z kY A olE EAAoE Fitel thE AMEAel ddigse]l Bl s4lel =
oF, webA SRR REEAETES YR R 16~19 AR S A Fuikel E 2ok AT &
g ste] gifgel whzis HAHHERES dAcl Fad ARG

TIREEAL =) FH/EY AHERA S Bl 242 6 M9 mart AAEe ddh &, HiES
& oEEsl kEE ok, FETS ARl FE ST A R SRR EHEoF o, Axs
A wegE I Ero E@AE Aoz AAE wEbA {18 88 BT wAL oldd o9
ez eEEch ke %9 R 2r)E HEeE 50cm BESF 5o ok gl

29 74, ASAoZRE FEiR EME-E Fetd] FENC] B#HEAE WY MEEE BA%
Aok FiEE AR A KEMY WHez e Hol& 2.5m2 £33k 28 Ao

REe] Aol 30~35m, @ <F 10 m, FokelA EHE A EHHSS] Eol& 8m Axs=n
s, mrhte] EMES POF-AE AT 9, BEs MRS vElEE AR 100m A A 17°,
50m Al AE 33°F 7 dEch wekA 100m o)W AgdAE BillE#ke 21 BEHe] @

12

7

8) i, AL A,
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Table 4, Summary of calculated trajectories and flight data for the Large General-Arrow fired
at elevations of 20°, 30° and 44°.

L ete | 12.0 cm | 12.0cm { 12.0em
2 eight® | 31.6 kg | 31. 6 ke | 31.6kg
Rt velo som/s | om/s | somis
%erm Ve%i ’ 87m/s [ 86 m/s ’ 86 m/s
Elevation. | 2 | 3 | =
“Fall Angle | —ar | —sr | —46°
Time | Hor Dist. | Heiht | Hor Dist. | bt | Hor Dist. | Height
1s | em | 29m | mm | s0m | em | s73m
2 | | es | 14 | w6 | 1wr | 1050
s | w0 | s | a0 | otz | w0 | w27
i s | s | 41 | ss | w19 | 23 | 103 |
5 | w3 | s1 | s | 126 | s | 11|
ca |8 | a5 | wr | 4 | es9 | s | 1963
S | 637 525 | o | | | |
| f;o 7| | | s | me | w9 | 1oag X
AT | | - | wa | s | 1837 |
9 | 5 | em | ea | sz | 126
B 0.22 | | | 693 | oGm | !
10 | J | | e | BL7
| | | | et | 8.0
12 | | | | | m | a2
12.7 | | | | s | ommm

CREE MiES A= v dele gE fle Aolth 28 7oA By ukeh o] ARAA 4
i 0°2 Ale KMESTS A2 67molA K]l DA, 4iF0] 5°d W& 50~100m A2
of Y& BARY RREEizel 4 JFHE AL & 5 vk F ool 23o] gl& Afele 5° ke
Liael A 100m oJell Y& Fuikel WMot F& arpdic] 4HE Ao Feldrt. weEh E92
2 A3 4Hg0) AFEFHE(~3) 0, BafelTh gl AEE kgEEet §ie $A9) o] T& zhetst
s HASEERA 70m AEE fFASE - =2 ﬁﬁciﬂ:% ol RAE Aoz FHHh 27
v 100m 7t d = HEESECI A= arpEEe] A3t ﬁﬂxha% o] o},

oS o lr’éﬁf& frpg 7 etEd ATRH 3t B#rd =edrel gtk FEREY BTRNS
234 Sglch. ERER B4, LEmEkd52d 7a 109009 Beuel e FEHS EERGEH
T BRI (1592) & bk o] s EEa Yk &, e Kigebel 342 Bt (@l A8 &
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o gEolH, BE B9 Y=, BAK, BAR, ARR 5& 29 ERFQE 657)7hx] Wlgol o
HEol WBEE Aol MU =FE BT, (WMDY FE 5o ol2r72x 2z Ag"dz e
1= ST ol M@ENE 5/, 3l shol AR HEdte] 2zoldlE Aotk e,

MR §e] BERAA AWE TRHBH HGel At detA 9% e FA NS KB THAE
METEMNS FHREEY s KEEREY RBIEEd 2L 8BS s9Jd. =3, kBEHY
BLEES R FA #4778, 22 AHSd $4 9 HH5ERY Add gty 22 g
A& XY FA FXBHELAAE o] A=z,

i TR
%ﬁ ﬁ 1% K L ﬁ &L 5 X 3’?’
~ : S : ) Day
<IIC 4&?.%!‘ mFL I @ ' _!_,%1
A ApRBEAS NS IER) HieERE Bl - =
41% B Ry e 8 ) &
5 | 5
S B
) o~ -y
! 13
- — 7
7 gmﬁm* ST % |
7% , i
i =¥ £ £ 4
=) z X »
e B s g
2, . _
o (/? e -
S 4% T agfe .
(( 2 i \—¥) R I\

Fig. 1. Structure of the Gun-barrel CH’ON-JA-CH’ONG-T'ONG (right) and the Large General-
Arrow(left) presented in Yungwon P’ilbi(1813).



FRR— - ERER, KEshiiol A & KMEH BEs el Qo149 HURHERES HE 11

RFEHR(1665) MEFELTEE TREHEE
O P& :13.0em @ R 112.5cm @ &8 :130cm
@S ERMIIHARNELEFHRERANT ]

REHFIT(1609)  F LG LT R T M
@ B&:12.0ecm @ £ :9lcm @ %4 :136.5cm
@ #YCHEELERTFELEAUA LEAS+—F

Fig. 2. Examples of the existing CH’ON-JA Gun-barrels.
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KOREAN WEAPONS AND ARMOR PLAT

Fig. 3. Photograph of arrow with the

Korean cannon, reported by J.

length of 9 feet 1 inch (left), for use in the early
L. Boots(Ref. 5).
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Fig. 4. Drawing for the reconstruction of the Large General-Arrow shown in Fig. 3.

FEe™

P

Fig. 5. Schematic diagram for the analysis of pitching motion of fin-stabilized arrow
V': Velocity of CG, L : Lift force, D : Drag force, M : Aerodynamic moment,
fr : Angle of attack, 8 : Angle between velocity vector V and X-axis.
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Z DIST M

20—

44.9 DEG

30 DEG

o- e ———
1 152 ] cg9 | 525 | 693 7Bk
) 200 400

600 280
X DIST m

Fig. 6-5. Trajectories and ranges of the 32-kg Large General-Arrow plotted for the elevations
of 5°, 10°, 20°, 30° and 44°.
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Fig. 7. Trajectories of the 32-kg Large General-Arrow to estimate the effective gun range at sea

battle. The placement of the cannon is approximately 2.5m above the water-line of the
turtle-boat.



