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Introduction

This document, which I hope will prove useful to WW2 wargamers, gives penetration performance

details of WW2 anti-tank weapons.

I have assembled these from over fifty sources, mostly from my own library. All are in the public

domain. Those books no longer in print should be easy to buy from a good book search service such

as amazon.com, or to borrow from a good library. The documents cited from the Public Records

Office, Kew, are available for inspection there to anyone with a Reader’s ticket.

Where page numbers are cited, tables usually appear in the original source. In other cases, it has been

necessary to extract and tabulate data spread through the body of the text. Sometimes it has been

necessary to reduce information presented as graphs or polar diagrams to tabular form, and some loss

of accuracy is inevitable in the process. Given the inherent imprecision of all these figures, however,

this does not much matter.

Sources referring to the post-war period have been cited where they cover weapons developed during

the war. Some entries refer to weapons never introduced into service, such as the British 32-pounder,

American experimental 90mm guns, and a variety of German developments; these are included for

interest.

To be useful, armour penetration figures should specify not only the gun, range and penetration

achieved, but also the ammunition nature and model fired, the angle of impact, and the type of armour

attacked. Some few sources provide all this information; most do not. An additional annoyance is

that some sources are obviously mistaken or misprinted in places. This has been noted under the

heading "Comments and Corrections" where I have been able to spot the error.

The customary angle of impact when quoting penetration performance is 30º from the vertical, but

some American weapons are quoted for 20º. German practice was to measure angles from the

horizontal, so where 60º is stated, it is usually safe to assume that 30º from the vertical is intended. In

action, unless firing from exactly right-angles to the target vehicle, there will be an additional angular

component depending on the target tank’s facing.

It is also traditional to quote penetration against homogenous armour. Performance against facehardened plate, especially for smaller weapons firing uncapped rounds, can differ greatly. Armour

hardness may vary considerably. For example, according to Kenneth Macksey's "The Guinness Book

of Tank Facts and Feats" (Guinness Superlatives, Enfield, 1972), British homogenous armour at the

outbreak of WW2 came in "soft" (machineable) and "hard" grades with Brinell hardnesses of 380 and

450 respectively, while Vickers Cemented armour had a Brinell hardness of 600 on the front and 400

on the back.

Where ammunition nature is not specified, it may be possible to make an educated guess based on the

muzzle velocity, if the source quotes one, or simply by applying common sense to the magnitude of

the penetration figure given — the widely-quoted 140mm penetration at 500m credited to the Soviet

57mm ZIS-2 can hardly apply to a standard AP round, for example. One source shows a significant

difference in performance between APHE and APC or APCBC rounds for the same gun, and it can

sometimes be difficult to decide which is meant. The nationality of the weapon can serve as a guide;

the Germans never used solid steel AP, preferring APHE; the Russians seem to have had a strong

preference for APHE; the Americans seem to have been happy with both; and the British never used

APHE after the 3-pounder. The question is further complicated by the fact that rounds are sometimes

misleadingly designated; for example, some American rounds designated APC are in fact APCBC.

In the name of accuracy, some of these, and Panzergranate 39 for guns above 5cm calibre, should

probably be designated APCBCHE, but they never are. For complete accuracy, the precise model

number needs to be known. Sometimes even this is not enough, as the table from Hunnicutt's

"Sherman" shows; there is an appreciable difference between the "early" and "late" 90mm M82 APC,

due to "hotter" loading.

Even when all these sources of variation are accounted for, authoritative sources can seem to disagree.

Consider the German 75mm PaK40, a common and well-documented weapon, firing PzGr 39 against

homogenous armour at 30º at 500 metres (or 600 yards, which is near enough). Even discarding the

highest and lowest observations as outliers, we find a variation between 90mm and 106mm, a
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Introduction

difference of 17% of the lower figure. This highlights the point that armour penetration is far from

being a deterministic phenomenon, and giving penetrative performance in millimetres (and even in

some cases half-millimetres) suggests a degree of precision that does not really exist. Performance in

the field, of course, is subject to very much greater variation. As Shelford Bidwell says in "Gunners at

War", "All simplified tables showing the performance of anti-tank guns are misleading". The

Bovington booklet "Fire and Movement" says "Chance also causes discrepancies — for instance, a

normally certain penetration may be prevented by the deflection away of a projectile on a lifting-lug

projecting from a turret; conversely, a normally certain immunity may be removed if that same type of

projection deflects a projectile towards the armour at a different angle".

Using penetration tables takes no account either of behind-armour effect following penetration, nor of

non-penetrating damage. In principle, penetrating shell with a bursting charge should have better

behind-armour effect than solid shot, but whether this matters in calibres above about 50mm seems

highly questionable. The most supremely futile attempt to improve behind-armour effectiveness must

surely be the German inclusion of a small tear-gas pellet in the AP bullet for the PzB 39 anti-tank

rifle. It should still be borne in mind that most of these figures generally indicate the thickness of

armour the projectile will just penetrate; the greater the degree to which the armour is overmatched,

presumably, the greater will be the damage potential of the penetrating projectile. Hollow-charge

weapons are a special case, in that the projectile itself does not penetrate the armour, but rather the jet

formed by its charge does. Hollow charge weapons of the WW2 epoch were reputed to have less-thanideal behind-armour effects. As the Bovington "Fire and Movement" booklet points out, "If the

projectile is not an appreciable overmatch for the target, however, the penetration can be small

enough to do little damage".

Penetration tables also take no account of non-penetrating damage. The running gear of all vehicles

can be vulnerable to AP or HE fire from nearly all calibres. Extremely large calibre rounds can cause

catastrophic damage without needing to penetrate the target; a Soviet 122mm shell, for example,

might completely remove the turret of its target. Germany and Russia began using welded

construction in the 1930s, but Britain and America continued to use rivets until the beginning of

WW2. A shot hitting an exposed rivet-head could cause the rivet shank to break off and be projected

into the tank, causing damage. The British continued to use rivets in the Cromwell until the end of

the war, but these were tapered to prevent this happening.

After the penetrations tables, there is a small section taken from a WW2 Operational Research study

on the hit-and-kill probabilities of two British anti-tank guns on some German tank targets. This is

principally interesting in that it shows the strong dependence of target facing on weapon effectiveness.

Finally, the last few pages contain a few tables dealing with the still more vexed question of hit

probabilities.

Anyone with comments, corrections or additions is invited to e-mail them to John.Salt@Brunel.ac.uk.

Please be sure to include title, author, publisher and year of publication for any source you refer to.



John D Salt 17 December 1998
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WW2 penetration figures

Source: PRO document WO 219/2806, Appendix G to SHAEF/16652/GCT/Arty dated 11 July 1944.

"Perforation of homo at 30º Strike", ranges in yards.

Weapon

US 57mm

Br 6-Pr



Ammo

AP M70

APCBC

SABOT(b)

US &amp; Br 75mm APCBC M61

US 76mm

APC M62A

Br 77mm(c)

APCBC

SABOT

Ger 75mm PAK 40

APCBC

(d) PAK 41

AP

(e) KWK 42

APCBC

US &amp; Br 3" M-10

APC M62

US 90mm

APC M77

Br 17-Pr

APCBC

SABOT

German 88mm

APCBC

KWK 36 (f)

KWK 43 (f)

APCBC

Br 32-Pr (g)

APCBC

SABOT

Notes:



600

78

81

130

100

97

110

178

110

137

119

97

111

127

183

108



1000

64

74

118

93

90

100

149

102

100

100

90

103

120

172

102



1600

55(a)

64

101

82

80

91

131

92

?

95(a)

80

93

112

155

94(a)



2000

50(a)

58

90

77

74

85

120

86

?

89

74

86

107

145

87



178

138

215



140

131

205



131(a)

121

189



121

115

180



(a) Approximate figure

(b) Fits US 57mm

(c) In production but NOT in service



(d) Tapered bore

(g) A 1945 project

(e) PANTHER gun

(f) TIGER gun



Comments and corrections

The original table shows note (b) where note (f) is plainly intended. This has been corrected here.

The high figures for the 75mm gun match those given for APCBC in the Bovington "Fire and

Movement" booklet, but are much more generous than other sources. A memo in this document says

there seems "little to choose" between the 75mm and 76mm.

The US 90mm round given here seems to be a very weak load — a memo in this document says that

90mm ammunition is being loaded for a higher velocity.

In the memo this table accompanies, it is claimed that "the U.S. 76mm is ineffective against TIGER

and only effective against PANTHER flanks", but, by an ordnance officer in the USA that "75mm gun

will penetrate Panther tank turret, sides and rear and lower hull to ranges of 2,000 yards. 76mm gun

will penetrate Panther tank at all points except chassis front plate to ranges of 5,000 yards and turret

front at 2,500 yards, hull front nose plate 1,600 yards".

A very sensible comment by a Colonel Burlton, originator of the memo to which this table forms an

appendix, says "Probably, there is a conflict between theory and practice".



Source: PRO document WO171/336, 30 Corps "G" War Diary, quoting 21 A Gp Int Summary No.

131.

Penetration of homogenous armour by 2cm KwK 38, ranges in yards.

Slope

Range

AP-T

AP 40



Normal

100

48

57



Normal

400

38

43



Comments and corrections

None.
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30º

100

31

49



30º

400

25

37



WW2 penetration figures

Source: "Tank Armament in World War Two", Paul Woodman, in: Airfix Magazine, Vol. 3 No. 5,

Alan W. Hall (publications) Ltd, August 1991, page 174.

"All penetration figures come from official archive material and are from tests performed against

Homogenous type armour plate". Slope is stated as 30 degrees. Ranges are in metres.

Weapon

2 Pounder



6 Pounder

17 Pounder

77mm

3.7cm KwK36

5cm KwK38

7.5cm KwK40

7.5cm KwK42

8.8cm KwK36

8.8cm KwK43

Sov 45mm

Sov 76mm

Sov 85mm

Sov 100mm

Sov 122mm

Sov 152mm

37mm M5/6

75mm M2

75mm M2

76mm M1

90mm M3

It 47mm

Jap 75mm?



Ammo

AP

APCBC

APCNR

APCBC

APDS

APCBC

APDS

APCBC

APC

HVAP

APCBC

HVAP

APCBC

HVAP

APCBC

HVAP

APCBC

HVAP

APCBC

HVAP

AP

APC

HVAP

APC

HVAP

APCBC

APC

APC

APC

AP

APC

AP

APC

APCBC

HVAP

APCBC

APC

AP



500

52

57

88

81

131

140

208

120

29

34

46

58

96

120

124

174

110

156

185

217

51

60

80

96

121

170

138

125

46

60

65

76

66

94

158

126

55

59



1000

40

45

72

74

117

130

192

110

22



1500



2000



36



28



85

97

111

149

100

138

165

193

36

53

52

88

80

160

132

110

42

53

55

63

60

89

134

120

43

51



74



64



99

127

94

123

148

171



88



40

68

103

120

176

100

19



63

111

161

90



83

132



47



41



76



68



151

117



139

98



37

46

49

51

55

81

116

114



76

105



42



Comments and corrections

In the original table, the British 77mm is mis-labelled 76mm, and the APCNR ammunition for the 2

pounder is mis-labelled as HVAP. These errors are corrected here.

It is not stated which version of the Soviet 76mm is intended, but the L41 version is assumed. Unless

the performance of this gun increases with range, the entries for 500 and 1000 metres have been

transposed: The error is corrected here.

The designation of the Japanese weapon is missing in the original. It is noted as being the armament

of the Type 97 and Type 1, which is not as helpful as it might be, as there are Type 97 light and

medium tanks, and Type 1 medium and gun tanks. It is assumed from the performance figures that

the 75mm is intended, as they agree quite closely with those given in the Bovington "Fire and

Movement" booklet.
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WW2 penetration figures

Source: Appendix I, "German Tank Armament ", in: "Encyclopedia of German Tanks of World War

Two", first edition, Peter Chamberlain, Hilary L. Doyle &amp; Thomas L. Jentz, A&amp;AP 1978, page 245.

"Penetration of Homogenous Armour Plate at 30º from Vertical", ranges in metres.

Weapon

7.92mm MGs



2cm KwK

or FlaK

sPzB41

3.7cm KwK

or Pak35/36

3.7cm

KwK34(t)

3.7cm

KwK38(t)



3.7cm FlaK 43

4.7cm PaK(t)

5cm KwK38

5cm KwK39



5cm PaK38

7.5cm KwK37 or

StuK37

7.5cm KwK40

or StuK40 L43

7.5cm PaK39,

KwK40 or

StuK40 L48 or

PaK40



7.5cm Kwk

or StuK42

7.62cm

PaK36(r)

8.8cm

FlaK18 or 37



8.8cm

KwK36

8.8cm KwK

or PaK43

10cm K18

10.5cm leFH18 or

StuH42



12.8cm K40

12.8cm

PaK44



Ammunition

Patr SmK

PzGr

PzGr40

PzGr41

PzGr

PzGr40

PzGr



100

8

20

49

60

34

64

37



500

3

14

20

40

29

34

31



1000



PzGr



41



35



PzGr40

PzGr18

PzGr36(t)

PzGr40

PzGr39

PzGr40

PzGr39

PzGr40

PzGr39

PzGr40

K Gr rot Pz



64

35

54

100

54

96

67

130

69

130

41



34

28

48

59

46

58

57

72

59

72

39



PzGr39

Pzgr40

PzGr39



98

126

106



PzGr40



1500



2000



9

19

22



19



26



22



29



24



21

41



17

35



36



28



22



44

38

48

38

35



34



26



38



29



33



30



91

108

96



82

87

85



72

69

74



63



143



120



97



77



PzGr39/42

PzGr40/42

PzGr39

PzGr40

PzGr

PzGr39

PzGr39

PzGr40

PzGr39-1

PzGr40/43

PzGr rot

PzGr



138

194

98

135

97

127

120

171

203

237

164

63



124

174

90

116

93

117

110

156

185

217

149

59



111

149

82

94

87

106

100

138

165

193

133

54



99

127

73

75

80

97

91

123

148

171

119

50



89

106

65

58

72

88

84

110

132

153

109

46



PzGr

PzGr

PzGr43



201

189

187



176

166

178



150

143

167



132

127

157



120

117

148



64



Hollow charge rounds, penetration independent of range:

Calibre

Ammo



7.5cm



7.5cm



7.5cm



10.5cm



10.5cm



10.5cm



15cm



Gr38 H1/A



Gr38 H1/B



Gr38 H1/C



Gr39 H1/A



Gr39 H1/B



Gr39 H1/C



Gr39 H1/A



Penetration



70



75



100



80



90



100



160



Comments and corrections

These people know exactly what they are talking about.
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WW2 penetration figures

Source: "Fire and Movement", RAC Tank Museum, Bovington, 1975, pages 22–25.

"Penetration v. homogenous armour at 30º, at ranges in yards". The armour is machineable quality.

Weapon

2-pr Mks

IX and X

3-pr Mk II



6-pr Mk 3

or 5

75mm Mk V

77mm Mk 2

17-pr Mk 2

37mm M6

75mm M2

and M3

76mm M1A1

or M1A2



90mm M3

47mm mod 37

20mm L65

37mm L45

50mm L42

50mm L60

75mm L24

75mm L43

75mm L48

75mm L70

88mm L56

88mm L71



128mm L55

37mm mod 94

47mm Type 1

75mm 94 or 1



Sov 76 L41

Sov 85 L53

Sov 100 L46

Sov 122 L43



Ammo

AP

APCBC

SV

APHE

APCBC

APDS

APC

APCBC

APCBC

APDS

APCBC

APDS

APC

APCBC

APC

APCBC

HVAP

APCBC

HVAP

APC

AP

APCR

APC

APCR

APC

APCR

APC

APCR

APCBC

APCBC

APCBC

APCBC

APCBC

APCR

APCBC

APC

APCBC

APHE

AP

AP

APCBC

APCBC

APCBC

APCBC



100



500



1000

40

49

72

25

80

117

61

94

110

165

118

170

42

62

59

89

134

120

200

29



53

88

87

131

68

103

120

182

125

187

46



55

31

49

68



(estimated)

(estimated)

(estimated)

(estimated)



70

94

158

126

221

43

22

35

30

43

56

66

61

86

46

84

90

141

110

126

182

175

215

32

59

62

56

103

130

140



22

47

42

50

55

41

72

79

121

101

103

167

150

202

25

45

53

50

94

120

130



1500



2000



44

60



40

48



73

103

54

86

100

148

110

153

40

48

55

81

117

114

177

23



67

90

47

78

90

130

98

135

37

40

50

76

99

105

154



2500



39

26

32

35

62

70

104

93

85

153

132

190



53

62

89

84

70

139

120

178



34

46

45

86

110

120



40

77

100

110



127



64

95

100



Comments and corrections

Hollow charge rounds shown are the British 95mm How Mk 1 (110mm), US 105mm how M4

(100mm) and German 75mm L24 (43mm). The last of these seems remarkably ungenerous, but

agrees with the figure given in Hogg's "German Artillery of World War 2" for plate at 30º.

Dates for introduction of different kinds of ammunition are given as: 2-pr AP Sep 39; APCBC May

42; SV Jan 43; 6-pr APC, APCBC Oct 42; APDS Jun 44; 17-pr AP, APC, APCBC early 43; HE Jun

44; APDS Summer 44.
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WW2 penetration figures

Source: "Sherman, A History of the American Medium Tank", R. P. Hunnicutt, Presidio Press, 1978,

pages 559–570.

Ranges in yards; armour type (FH = Face-hardened, H = Homogenous) as shown at 30º.

Weapon

Ammo

Armour

37mm

APC

H

M6

M51

FH

2 pdr

APHV/T

H

IX-X

AP/T

H

6 pdr

APCBC-T

H

III &amp; V

FH

75mm

APC

H

M2

M61

FH

APC

H

M72

FH

75mm

APC

H

M3 or

M61

FH

M6

APC

H

M72

FH

HVAP T45

H

H

76mm APC M62

M1 and HVAP M93

H

3-in M7

AP M79

H

APCBC Mk

17 pdr

H

VIII T

IV, VII



APSV/DS



25 pdr II, III AP-T chg 3



90mm

M2



155mm

M1918

155mm

M1, M2



APC M82

(early)

APC M82

(late)

HVAP M304



AP T33

AP

M112B1

AP

M112B1



250



64

58



500

53

46

57

52

81

76

60

69

60

58

66

74

76

66

117

93

157

109

140



750



51

46



1000

46

40

45

40

74

74

55

60

53

46

60

67

63

53

97

88

135

92

130



1500

40

38



2000

35

33



63

68

51

55

46

33

55

60

51

41

79

82

116

76

120



56

63

46

48

38

25

50

54

43

33

64

75

98

64

111



192

54

112



176



161



104



96



H

H

H



208

63

120



H



129



122



114



106



H

H

H

FH

H

FH



221

119

127

109

160

135



199

117

119

102

152

130



176

114



156

109



58



Comments and corrections

The HVAP T45 round for the 75mm was experimental only.

The 105mm howitzer M2A1 and M4 fires HEAT M67, which penetrates 102mm of homogenous

armour at 0º at all ranges.

Hunnicutt says "a few" 17 pdr APDS became available in Aug 44, but that the early rounds were

"somewhat erratic", and less accurate than APCBC.
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WW2 penetration figures

Source: "British &amp; American Artillery of World War 2", Ian V. Hogg, A&amp;AP, 1978.

Armour type in most cases not stated, but assumed to be homogenous. Ranges in yards.

Weapon

2pdr

6pdr



Ammo

AP Mk 10T



Armour



AP Mk 1-7T

APCBC Mk 9T



APDS Mk 1T

6pdr 6cwt AA APC Mk 3T



17pdr



AP Mk 3T

APC Mk 4T

APDS Mk 1T



25pdr



AP Mk 1T-6T, 8T



3in 20cwt AA AP Mk 2T



3.7in AA AP Mk 5T

37mm M3 AP M74

APC M51B1/2



57mm M1



75mm M1916



3in or 76mm



90mm



AP M70

APC M86

APC M61

AP M79

AP M77

APC M82



105mm T8

APC

37mm AA AP M59A1

40mm AA AP M18A1



H

FH

H

H

FH

H

H

FH

H

H

FH

H



Angle

30º

30º

30º



100



30º

30º

30º

30º

0º

30º

30º

0º

0º

20º

20º

20º



400



500



1000

42

74

88

146

75

109

118

231



70

84

117

36

61

73

73

79

70



0º



100

70

142

130

140

210

25

48

52



0º



42



Hollow charge rounds, same at all ranges, armour type and angle unspecified:

Weapon

105mm howitzer M1

75mm pack howitzer M3A1

3.7in mountain howitzer

Smith gun



Ammo

HEAT M67

HEAT M66

HEAT 3.7in Mk 1

Bomb, SB, HEAT, Mk 1



Penetration

115

89

63

63 (approx)



Comments and corrections

The 105mm T8 was experimental.

The 6pdr 6cwt AA gun, Britain's effort at an "intermediate" AA gun, never entered service.

The 3.7in howitzer HEAT was developed in 1942 for the Indian Army.

The figures claimed for British ATk guns at 1000 yards seem much more believable for 500.

Conversely, the figures stated for the US 90mm are unbelievably poor.

It does not seem likely that the 37mm M59A1 is really almost twice as good against face-hardened as

homogenous armour.

In this book, Hogg states that 6pdr APDS was issued in June 1944, although in "The Illustrated

Encyclopedia of Ammunition", Apple Press, 1985, he says on p. 58 that it "appeared" in 1944, and on

p. 151 that it was "first introduced for the 6-pdr" in 1943. In the same book, he refers to "the grave

shortage of tungsten which affected Germany from 1943 onwards".
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WW2 penetration figures

Source: "German Artillery of World War 2", Ian V. Hogg, A&amp;AP, 1975.

Ranges in metres, penetration of homogenous armour.

Weapon Ammo

SPzB41 PzGr 41



Angle

0º

30º

Pak 36

PzGr

0º

30º

PzGr 40

0º

30º

PJK 41 PzGr41

0º

30º

Pak 38 PzGr 38

0º

30º

PzGr 40

0º

30º

Pak 40 PzGr 39

0º

30º

PzGr 40

0º

30º

Pak 41 PzGr 41 HK

0º

30º

0º

Pak 36(r) PzGr 39 rot

30º

PzGr 40

0º

30º

Pak 43 PzGr 39

0º

30º

PzGr 40

0º

30º

Pak 44 PzGr 43

30º

10.5 cm PzGr rot

0º

le FH 18

30º

Flak 36

PzGr

30º

PzGr 40

30º

Flak 41 PzGr 39/1 30º

Flak 39 Pz Sprgr

30º



100

94

69

65

50

79

68

120

90



250



500

66

52

48

36

50

40

87

72

78

61

120

86

132

104

154

115

209

171

120

98

158

118

207

182

274

226



88

67

141

109

148

120

175

135

226

185



67

56

110

126



1000



60

53

61

50

84

55

116

89

133

96

177

145

108

88

130

92

190

167

241

192

230

62

52

105

103

202

140



1500



102

76

115

80

149

122

97

79

106

71

174

153

211

162



2000



3000



124

102

87

71

84

55

159

139

184

136

200



173



59

49



Hollow charge rounds, same at all ranges:

Weapon



Ammo



Angle

30º

0º

30º



7.5cm le IG 18 (or LG 40)

7.5cm I Gr 38 Hl

10.5cm le FH 18 (or LG40) 10.5cm Gr 39 rot Hl/A



Flak 36

Pak 36

Pak 38

PAW 600



8.8cm Hl Gr 39

Stielgranate 41

Stielgranate 42

8cm W Gr H1



Penetration

45

100

70

165

180

180

140



Comments and corrections

The experimental 7.5cm Pak 44 has a claimed performance of 120mm at 2500 metres.

Stielgranate 41 has max range 300m.; Stielgranate 42 has max recommended range 150m.

PAW 600 has max range 750m. PzGr43 for the 128mm PaK44 is a standard APCBC round.

Some penetration figures are quoted as being at 3º, but it seems clear that this is a misprint for 30º.

The text refers to the "the 1942 ban on tungsten" halting production of PzGr 40 for the Pak 40. In the

same author's "The guns 1939–1945", Macdonald, 1970, he gives the date of the Führer's order that

tungsten was no longer to be used for weapons as June 1942.
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