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Standardization of Machine Guards with referehce to
Anthropometric Study of Selected Japanese

by Noboru Sugimoto*, Kiyoshi Fukaya*

Safeguapds have to be standardized on the basis of as many anthropometric data of the worker as
possible. For example, BS5304, DIN31001 etc. are specified on anthropometric data of each country’s
workers. Also in Japan, the necessity of such standard on safeguards became pressing lately, and the
collection of anthropometric data, or the measurement of physical size of selected people was carried out.

Items of measurement were divided into two groups; the first group consisted of 17 general items
related to body dimension, namely, stature, weight, length of forearm, etc., which were measured with
" Martin’s anthropometer, and the second group, of 5 items, each of which was directly related to the
requirement of the standard. They were “reach over barriers”, “reach through openings”, “finger or hand
" admittable minimun opening size”, etc.. These five items were measured with photo-technique ; for in-
stance, by taking photograph of locus of finger tip over model barrier.

The subjects were grouped into 5; the male workers of machinery, the male college students, the
female high school students, the male business clerks and the female business clerks. In standardizing
each requirement of safeguard, the most unfavorable group, which is connected with the severest case
on guard design, was chosen out of the five, and the anthropometric data of the group was used as the

basis of the standardization.

*  MERIF9eE, Mechanical Engineering Research Division
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x 6 fEzBY —F (fE 2m)

¥ &£ B ¥ FEBTHRE BEBFH®E % F B B R OB R F
0B 1 =) - — " :
0 11.12 5.66 | 11.73 | 6.86% [, 8.77 | 4.67 0.0 0.0 6. 21 1.81
9 10. 60 5.38 | 10.87 | 5.35 | 10.87 | 432 | 10.14 | 1.21 5. 82 1. 54
18 | 10.38 | 527 | 1042 |- 472 | 10.68 | 24.13 4 1011 | 137 | 562 | 1.38
27 | 10.38 | 5.22 | 10.25 | 4.41 | 10.51 | 4.40 | 8723 | .2.38 | 558 | 130
36 10.52 5.13 | 10.28 | 4.22 | 10.34 | 4.62 6.26 | 2.91 5. 69 1.29
45 11.12 6.03 | 10.38 | 4.09 | 10.36 | 4.66 6.45 | 2.91 5.85 | 1.27
54 10.97 4.97 | 10.57 | 3.98 | 10.69 | 4.88 6.48 | 2.82 | 6.13 | :1.24
63 11,17 4.92 | 10.80 | 3.80 11.07 | 4.85 6.91 | 2.81 | 6.48 | 11.17
72 11.45 4.75 | 10.98 | 3.70 | 11.34 | 4.93 7.95 | 272 | 6.93 | :1.08
81 11.73 45.2 | 11.13 | 3.5¢ | 1174 | 5.00 7.10 | 3.01 | 6.93 | {154
90 11.97 4.26 | 11.36 | 3.33 | 1240 | 5.26 | _7.65 | 3.01 7.28 1.40
99 12. 22 3.96 | 11.37 | 3.027°0 12.40 | 3.98 8.35 | 2.40 7.67 1.23
108 13.53 | 10.66 | 11.45 | 2.76 | 12.74 | 3.89 9.69 | 2.39 8. 21 1.21
117 12. 41 3.21 | 11.64 | 2.51 | 12.87 | 2.85 9.82 | 2.10 8. 52 114
126 12.18 2.92 | 11.67 | 2.36 | 12.54 | 2.39 | 10.68 | 2.14 8.48 1.0l .
135 12. 02 2.50 | 11.44 | 2.34 | 11.92 | 1.8 | 11.18 | 1.20 8.78 0.90
144 11.34 2.18 | 11.19 | 2.29 | 11.26 | 1.55 9.32 | 0.0 8.74 1.00
153 | 11.61 1.32 | 10.33 | 1.54 | 10.81 | 1.41 — — | T1.88 0.26
162 12.84 — 9.67 | 1.77 | 10.55 { 0.63 — — - =
171 — - 8.44 | 0.0 - — — — - —
180 — — 8.90 | 0.0 — - - - . = —
x7 H#EzZY-—F (HiE 1.75m)
¥ &£ BT EHBTHE BSBTFT®RE " F R AR k Bk R T
73 = — e
0 | 34.18 7.01 | 32.79 8.44 | 29.29 6.58 | 30.68 | 0.0 | 19.26 6.71
9 33. 26 7.00 | 8161 7.60 | 29.60 6.80 | 18.90 | 5.04 | 18.32 6. 28
18 | 33.08 7.01 | 81.02 7.20 | 29.51 6.98 | 17.20 | 5.93 | 17.88 6.15
27 | 32.76 6.95 | 30.33 7.02 | 29.35 | 6.90 | 17.02 | 5.98 | 17.50 5.91
36 32.26 6.92 | 29.13 7.41 | 29.09 6.85 | 17.04 | 5.75 | 16.99 5. 55
45 | 31.57 6.99 | 27.60 8.43 | 28.68 6.80 | 16.81 | 5.79 | 16.47 5.23
54 30.90 7.10 | 26.10 9.68 | 28.12 6.79 | 16.76 | 5.52 | 15.47 5. 06
63 30. 22 7.36 | 24.48 | 10.85 | 27.44 6.80 | 16.62 | 5.27 | 14.64 4. 84
72 29. 53 7.67 | 22.78 | 11.13 | 26.64 | 7.29 | 16.47 | 4.95 | 13.72 4.85
81 28.75 8.07 | 21.62 | 12.14 | 25.79 7.80 | 16.22 | 4.60 | 14.85 | 11.47
90 | 27.68 8.63 | 20.17 | 12.35 | 24.84 8.15 | 15.8¢ | 4.17 | 12.29 4.55
99 27. 49 9.00 | 21.19 | 17.84 | 25.08 8.18 | 15.29 | 3.78 | 11.34 4.68
108 26. 52 9.55 | 18.90 | 12.66 | 24.40 8.47 | 14.85 | 3.37 | 11.58 7.70
117 | 26.46 9.72 | 17.66 | 13.35 | 23.60 8.68 | 14.11 | 2.98 9.76 4.70
126 26.54 | 10.11 | 15.96 | 14.82 | 22.94 9.64 | 13.15 | 2.65 9.60 7.89
135 926.93 | 11.07 | 13.42 | 15.05 | 24.68 | 16.54 | 12.16 | 2.50 8.35 | '8.90
144 99.99 | 1177 | 12.65 | 15.40 | 27.78 | 10.86 | 11.47 | 1.86 5.94 4.84
153 98.63 | 11.03 | 1102 | 15.03 | 28.63 | 11.80 | 10.97 | 1.80 3.30 3.29
162 | 26.94 | 12.98 6.61 | 11.69 | 29.58 | 12.00 | 12.20 | 0.0 2,17 | 2.13
171 13.15 | -14.39 3.08 6.15 | 24.10 | 13.67 — — 2.10 2.0
180 5.79 5.34 1.96 1.46 6.35 4.31 — — 2.19 2. 42
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5& ¥ ok 5 T EBEETRE | BEBTHRE T F BB kAR R F
0 58. 06 7.26 55..80 8.21 52.18 7.13 41.67 7.35 41.30 7.53
9 57.42 7.25 55.16 7.59 52.45 7.13 39.72 6.99 40.76 7.565
18 57.65 T.27 56.22 7.41 52.84 7.06 39. 56 6.97 40. 53 7.89
27 57.75 7.31 55.17 7.33 53. 16 ' 7.15 39.36 T.02 40.13 8.41
36 57.71 7.45 55. 02 7.36 53.43 T.32 38.99 7..05 39. 46 9. 08
45 57.45 7.65 54.71 7.46 53. 44 7.52 38.56 7.13 38. 37 10.32
54 57.08 _7.‘85 54:23 7.78 53.26 7.97 38.04 7.14 37. 56 10. 35
63 56.62 802 53:58 8.08 52.88 8.54 37.48 7.22 37.97 13.24
72 56. 23 8.24 52:80 8.44 52.28 8.97 36.92 7.49 35.20 11,17
81 55. 87 8.50 51.83 8.84 51.49 9.35 36.28 7.54 33. 98 11.49
90 54. 49 8.87 50. 62 2.19 50.50 9.73 35. 954 7.53 32.79 11.64
99 53.62 9.17 49.22 9. 55 49.67 9.77 35.53 6. 60 32.77 10.65
108 52.38 9.47 47.68 9.93 48. 47 9.85 34. 80 6.48 32.13 10. 30
117 50.75 9.82 46:33 10.13 46.81 9.92 33.88 6. 67 31.25 9..99
126 49. 09 10.34 44.48 10.27 45. 04 9.92 33.71 6.38 29. 66 9.30
135 47.63 10. 84 42:64 10.51 42.97 9.82 33.74 6. 08 28. 83 9.30
144 45,65 11.30 40: 89 10.77 40. 89 9.44 33.45 5.58 28.31 9.14
153 43.15 11.61 39.12 10.66 38.49 9.14 33.10 5.25 27. 21 9.28
162 41.10 12.52 37.14 11.71 36. 06 9.16 32.09 6.23 24.92 10.23
171 43. 83 17.16 44.13 15.11 31.55 9.24 29.12 4.01 9.77 13.59
180 27.73 1.65 — - 2.32 0.0 - - 2. 06 0.90 .
=9 Hi#zBEy —5 (e 1.25m)
: ¥ £ 5 7 EHHETFBRE REBTHRE ® F B B KB E L F
0E T Y (75 2 i 5 T i
0 82.74 7.50 80.81 7.41 77..21 7.10 65. 13 7.26 66..63 8.34
9 81. 49 7.29 79. 46 7.08 76.17 7.15 62.51 7.06 65..59 7.73
18 80. 55 7.10 78. 67 6.93 75.47 6.93 61.89 | 6.75 64.97 7.42
27 79. 34 6. 86 77.69 6.83 74.81 '6.76 61.36 6. 36 64..39 7.15
36 78. 04 6.69 76. 50 6.51 73.97 6. 55 60. 94 6. 06 63. 86 6. 87
45 76.78 6.43 75.20 6. 20 73. 07 6.33 60. 52 5.79 63. 21 6.63
54 75.43 6. 26 73.85 5.97 72. 19 6. 13 60.12 5.68 62..62 6. 50
63 74.12 6. 06 72.48 5.65 71.36 '5.93 59. 82 5. 54 62.02 6.33
72 72.90 5.84 71.07 | 5.37 70.46 5. 68 59.48 5.42 61..50 6.18
81 71.67 5.65 69.72 '5.08 69. 62 5.42 59. 27 5.25 60. 85 6. 04
90 70.35 5.42 68. 36 4.85 68. 49 5.18 59. 08 5.15 | 60.34 5. 96
99 69. 08 5.87 67. 00 4.60 67.40 4.96 58. 75 5. 00 59. 74 5.81
108 67.89 5.28 65.72 4.33 66. 29 4.78 58. 07 4.93 59.21 5.94
117 66.67 5.15 64.47 4.14 65.12 4.57 57. 50 4.82 58.51 6. 05
126 65. 46 4.98 63. 24 3.98 63. 98 4.45 56. 86 4.97 57..87 6.21
135 64.24 4.75 62. 05 3.94 62. 83 4.36 55.93 5. 08 57.09 6. 56
144 63. 04 4.69 60.93 3.94 61.74 4.25 54.92 5.47 56. 42 7.12
153 62. 00 4.48 59.90 3.97 60. 59 4.30 53.68 6. 03 55.63 7.74
162 60. 58 4.59 59. 09 4.03 59. 32 4.35 52.60 6.55 55. 65 6. 81
171 58. 88 4.51 58.40 3.87 58. 01 4.69 50.70 7.65 55. 45 2.93
. 180 58. 33 2.27 57. 96 1.47 59. 00 1.94 — - 58. 95 0.0
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. ¥ &£ B T EBBETRE BEBETHRE ®x T B B KB ERTF
0 & o 357 ) B
0 109. 12 7.55 | 106.94 8.77 | 102.69 7.41 | 88.67 | 7.48 | 92.83 | 8.43
"9 | 107.46 7.38 | 105.45 | 7.77 | 100.93 7.36 | 86.92 | 7.59 | -90.99 8.33
18 | 106.25 | 7.51 | 104.04 | 7.53 | 100.04 | 7.45 | 85.8L | -7.48 | -89.85 8.22
27 | 104.71 7.85 | 102. 28 7.68 | 98.91 7.55 | 84.67 | -7.49 | 88,60 8.25
3 | 103.06 | 8.38 | 100.28 | 8.07 | 97.60 | 7.79 | 83.34 | 7.51 | 86.90 [ 817
45 | 101.12 8.79 | 97.90 | 8.47 | 96.22 8.12 | 81.98 | 7.58 | 84,98 8. 20
54 99.78 | 11.47 | 95.62 9.28 | 94.63 8.52 | 80.44 | -7.71 | 83.05 8. 29
63 97. 26 9.99 | 93.09 | 10.07 | 92.92 9.06 | 78.84 | 7.81 | 80.89 8. 47
72 | .95.20 | 10.55 | 90.61 | 10.82 | 91.08 { 9.58 | 77.01 | 7.70 | 78,69 8.76
81 92.90 | 11.20 | 88.01 | 11.51 | 89.00 | -10.18 | 75.11 | 7.68 | -76.49 9. 04
90 90.54 | 11.79 | 85.27 | 12.17 | 86.73 | .10.83 | 73.43 | -7.85 | 74,15 9.27
99 | .87.86 | 12.13 | 82.46 | 12.84 | .84.19 | -11.52 | 71.57 | -8.08 | 8599 | 96.91
108 85.01 | 12.58 | 79.55 | 13.42 | .81.44 | -12.10 | 69.26 | -8.15 | 68.71 | 10.29
117 82.07 | 12.91 | 76.60 | 13.70 | -78.50 | 12.63 | 67.01 | 8.14 | 66.28 9. 88
126 78.88 | 13.13 | 73.57 | 13.90 | 75.24 | -13.07 | 64.54 | -7.94 | 63,33 9.78
135 75.40 | 13,16 | 70.37 | 14.02 | -71.88 | 13.26 | 61.98 | 7.66 | 60.40 9.61
144 71.58 | 12.85 | .66.99 | 13.78 | 68.39 | 13.38 | 59.14 | 7.25 | 57.57 9. 65
153 67.69 | 12,26 | 64.00 | 12.88 | 64.45 | 12.56 | 56.52 | 6.76 | 54.86 9.43
162 64.55 | 1132 | 69.97 | 1179 | 60.55 | 12.20 | 53.93 | 5.98 | 52,25 8.54
171 61.01 | 10.48 | 59.24 | 11.82 | 58.39 | 12.94 | 52.30 { 6.04 | 52.38 | 8.96
180 50.51 | 15.27 | . — — | 45.54 | _.0.41 — — | 4521 4.60
£ 11 M8k —F (& 0.75m)
¥ & B F BEBEBRTHRE BEBTFRE x F B A8 R K E RF
B L |EEEE| L (EERE) . EEREE) O |EEEE em B
0 | 184.74 |~ 7.80 | 183.51 9.81 | 127.05 7.80 | 113,58 | 7.25 | 117.90 | 8.57
9 133. 28 7.75 | 131.88 8.08 | 125.42 7.69 | 111,94 7.65 | 116.58 8.37
18 131. 46 7.94 | 130.01 7.79 | 124.%4 7.91 | 110.23 7.73 | 114.78 8.37
27 | 128.90 | 8.30 | 127.37 | 7.94 | 122.21 | 8.24 | 108.00 | 7.84 | 112.13 | 8.63
36 125.71 8.88 | 124.00 8.25 | 119.66 8.61 | 105.33 8.03 | 109.10 8.93
45 121. 96 9.62 | 119.79 8.80 | 116.68 8.98 | 102.44 8. 14 | 105.3¢ 9.19
54 | 117.83 | 10.34 | 115.15 9.54 | 113.33 9.51 | 99.21 8.43 | 101.54 9.51
63 | 113,29 | 11.10 | 110.25 | 10.33 | 100.82 | 10.12 | 95.90 | .8.85 | .97.32 9.73
72 | 108.53 | 11.83 | 105.15 | 11.04 | 106.01 | 10.66 | 92.25 | .9.07 | 93.13 9.72
81 | 103.81 | 12.47 | 100.20 | 11.87 | 102.09 | 11.22 | 89.04 8.94 | 88.76 9.75
90 99.21 | 12.96 | 95.23 | 12.65 | 98.16 | 11.64 | 85.59 9.04 | 84.66 9.71
99 94.83 | 13.54 | 90.49 | 13.52 | 94.25 | 12.09 | 82.54 9.40 | 80.56 9.60
108 90.64 | 14.19 86.01 | 14.16 | 90.58 | 12.64 | 79.84 9.72 | 76.66 9.77
117 86.71 | 14.70 | 81.90 | 14.81 | 86.98 | 13.06 | 77.06 | 10.07 | 73.09 9.98
126 82.37 | 14.85 | 79.01 | 14.01 | 83.64 | 13.16 | 74.20 | 9.92 | 69.78 | 10.51
135 77.51 | 14.18 | 75.05 | 14.23 | 79.34 | 13.44 | 71.58 9.74 | 66.49 | 1101
144 70.44 | 12.76 | 70.50 | 14.38 | 73.87 | 13.22 | 69.07 9.67 | 63.53 | 11.86
153 64.06 | 13.19 | 64.48 | 14.19 | 68.35 | 13.10 | 65.39 8.77 | 58.41 | 12.19
162 49.86 | 12.02 | 52.64 | 12.02 | 59.56 | 15.37 | 61.98 9.25 | 51.41 6.76
171 42.65 | 8.21 | 56.79 4.50 | 52.98 6.07 | 52.86 7.53 | 48.19 0.27
180 42.62 | 0.0 50. 22 1.10 | 43.33 0.0 - — | 48.68 0.0
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® 12 BB —F (CFHfE, BERE

¥ &£ 5B F EBBTHBE BEBFHE x5 BB o+ B R F
o | P—— ; 557 _ -
rom |ESEE Lo [EEEE] o [Eees| . leee=| o e
0 41.09 { 2.85 42.50 | 2.29 44. 09 38.04 40.87 |1 2.44 | 39.96 2. 08
9 40.70 2.88 42.00 § 2.20 | 43.69 2.93 39.96 2.20 | 39.28 2. 08
18 40. b4 2. 89 41.82 2.22 | 43.21 2.91 39.77 2.18 38.90 2.18
27 40. 31 2. 89 41.55 2.23 42.57 | 2.88 39.49 2.156 38. 57 2. 20
36 40. 04 2.85 41.20 2.19 41.86 ‘2. 83 39. 05 2.17 38. 20 2.18
45 39.71 2.81 40. 86 2. 17 41,07 ‘2.79 38. 57 2.04 37. 83 " 2.16
54 39. 37 2.77 | 40.44 2.13 40. 30 2.75 38. 00 1.94 37. 43 2. 14
63 38.95 2.71 40. 00 2.08 39. 54 2.82 37.39 1.94 37.02 2. 06
72 38.52 2.63 39. 53 2.05 38.79 3.12 36. 83 1.92 36. 58 2.02
81 37.98 2. 57 38.95 1.98 38.02 4,08 36. 28 2.32 36. 06 2. 06
90 37.37 2,95 38.31 1.99 37. 29 6.36 35.70 3. 29 35.43 2. 04
99 36.60 2,56 37.53 2.01 35.89 2.23 34. 59 2.08 34.71 2. 03
108 35. 59 3.38 35.74 1. 55 34.65 2.18 33. 89 2. 83 33. 37 2.10
117 37. 81 1.68 — — 34. 26 2.27 36. 01 T.47 — —
126 37. 07 1.68 —_ - 32.70 1.58 — — - —
135 —_— — — — 31.81 1. 87 — — — —

#£ 183 FEREHY -7 CPgfE, FRED

2 o B P EBEETFRE HEBTBE & F B B xR E T
gg & Ef 05 3 B 5 36 s
0 17.12 1.43 17.96 1,49 17.75 1.32 15.73 0. 82 15. 95 1.25
9 16. 63 1.87 17.45 131 17. 56 1.33 15. 38 0. 91 15. 58 1. 09
18 16. 46 1.35 17.19 .30 | 17.38 1.31 15. 40 0. 95 15. 42 1,05
27 16. 34 1.35 16.99 1. 27 17.18 1. 30 15. 37 0. 94 15. 30 1. 03
36 16. 21 1.36° | 16.79 1.29 16.94 1.29 15. 42 1. 02 15. 19 1, 00
45 16. 05 1,34 16. 59 1. 27 16. 69 1.29 15. 39 1.02 15. 11 1. 00
54 15. 92 1.30 16. 39 1.81 16. 42 1.33 15. 38 1.08 15. 02 1.03
63 15.73 | 1.29 16. 16 1,84 | 1s.11 1.37 15. 32 1.13 14. 92 1.08 |
72 15. 51 1.28 15,91 1.38 15.76 | 1,44 15. 26 1.17 14. 80 1.08
81 15. 21 1.31 15. 62 1. 41 15. 36 1.53 15. 19 1.21 14. 67 1.10
90 14. 86 1.38 15. 27 1. 50 14. 89 1.63 15.11 1.15 14.56 1.17
99 14. 46 1.48 14.91 1.61 14. 36 1.77 1499 | 115 14. 39 1. 26
108 14.06 | -1.60 - 14.46 1.79 13.76 1.89 14. 83 1. 22 14.19 1.40
117 13.58 1.81 14.03 1.95 13. 07 2,01 14. 60 1.35 13.95 1.59
126 13. 04 1,94 13.49 2. 09 12.42 2. 03 14. 36 1.50 13.80 1.65
135 12.36 [ -1.81 12. 64 1.87 11.70 2.12 14. 09 1.63 13. 51 1.74
144 11,78 1.83 12.22 1.53 11.04 | 2.20 18.72 1.76 12. 80 1.43
153 11. 47 1.65 11.74 1.29 10.62 2,11 13.36 1. 81 12. 09 1. 04
162 11.48 2.57 11.76 | 0.88 | 11.22 1,89 13.23 1.37 11. 91 —
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3.4 EFHRAOBBRR

EAHEAREERRAOE /1 — 7 L OTPHERVER
BREER 14 ©5 7,

3.5 LEHEEV-—F

Bib 32 R g < SO BRI RIERO—B E T B 1
DI, BI3EETEHHE) —FORELTR -T2,
BEEE 14 BimoWT, BUERBEVWREET, hnd
HRIC OISR TOIEOFIER S ROEHOE LIk
RRTOROHESIFAEL, BHUKCLI2BELLN
Lz, MIEREBEEICRT ISR, BERCELHTT,
M ERFICOTIOREE (@) EIHmUE LiskEE (b)

® 14 ESMHADEERA
CE#lE, RERZE

BBE I v—T Sl (em) | EHEEZE (em)
2 HE 5 F 9.22 0. 481
EHBHRTRE 9.13 0.511
HEBBT®HE 9.73 0.490
Z F B B 7.99 0. 458
R E LT 8. 09 0. 364

® 15 BHOR X 3E53=E8

% B LA ERERRRE (mm)

WERE (mm) 75;;5; 5: ;iéo . By
1 1,588 1,980 2, 086 A
2 1,650 2, 004 2,181 B
3 1,620 2,008 2,117 A
4 1,740 2,195 2,368 A
5 1,690 2,048 2,144 A
6 1,647 2,070 2,238 B
7 1,740 2,175 2,290 A
8 1,718 2,147 2,292 A
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STANDARDIZATION OF MACHINE GUARDS WITH REFERENCE TO ANTHRO-
POMETRIC STUDY OF SELECTED JAPANESE
by N.Sugimoto, K.Fukaya
Technical Report of the Research Institute of Industrial Safety
RIIS-TN-84-4

The design of machine guards must be based on the anthropometric data, For
that sake, the anthropometric measurement on 787 Japanese was carried out. The
items of the measurement were divided into two groups; the one includes general
items such as stature and weight, and the other iucludes specialized items which
directly correspond to guards, such as “reach over barriers”. The subjects of the
measurement were selected among five categories according to their occupation
and sex.

The standard of safe guards is proposed on the basis of the data obtained.

(19 Figs. 23 Tables, 3 Photos, 4 Refs)



