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1.0

DAavron T BrowN INC.

INTRODUCTION

This feport contains the findings of a project designed to insure
that the American worker 1s provided with a means of head protec-
tion which will substantially reduce the probability of seriocus

head injury in environments of known high risk.

Towards this end, a serles of standards for Industrial and fire-
fighter's head protective devices has been developed. These con-
stitute: (a) a performance standard which lists the attributes and
levels of performance for four classes of industrial head protective
devices, (b) a testing standard, which describes test methods, proce-
dures, and equipment for each attribute to be tested, and (c) a user
standard which describes how industrial and firefighter's head protec-

tive devices are to be properly selected, used and maintained,

Though accident prevention is the most certain method of preventing
accidental head injury, with the use of the levels of head protecction
developed by this study, both the frequency and severity of head in-

jury to the dindustrial worker and firefighter may »e reduced.

«1273 Vol, 1 Page 1
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2.0

CURRENT REGULATION OF HEAD PRCTECTION

A

Davyron T BroOwa INC.,
it i

The need for adequate forms of head protection is presently recegnized

by the U.S. Department of Labor. The regulation of head protective de-

vices as noted in the Code of Federal Repulations, Title 29, Chapter

XVII, is as follows:

(a) Part 1915 - Safety & Health Regulations: Ship Repairing.
-~ 1915,83 -~ Head, ¥oot and Body Protection.

(b) Part 1916
- 1916.24 - Painting.
-~ 1916.83

§

Safety & Hezlth Regulations: Shipbullding.

Head, Yoot and Body Protection.

(¢) Part 1917 -~ Safety & Health Regulations: Shipbreaking.
- 1917,83 - Head, Foot and Body Protection.

(d) Part 1918 - Safety & Health Repgulations: Loagshoring.

- 1918.105

Head Protection.

(e) Part 1926 - Safety & Health Repulations, Coastruction.

- 1926,100 -~ Head Protection.

- 1926.300 - General Requirements,

- 1926.551 - Helicopters.

- 1926.0650 - General Protective Requirements,
- 1926.800 - Tunnels and Shafts.

- 1926,951 -

Tools and Protectiva Equipment,

(f) Part 1910 - Occupational Safety and Health 3tandards, Subpart I,

Personal Protective Equipment.

- 1910.132 - General Requirements,

_ = 1910.135 - Occupational Head Protectiom.

{g) Part 1910

Special Industries.

Occupational Safety and Health S3tandards, Subpart R,

- 1910.261 -~ Pulp, Paper, and Pajerboard Mills.

~ 1910.262 - Textiles.
-~ 1910,265 - Sawnmills.
- 1910.266 - Pulpwvood Logging.

~1273 Vol, I Page 2



3.0 EVALUATION OF THE KREEDS OF INDUSTRIAL HEAD PROTECTION

3.1 The Occupational Head Injury Accident

3.1.1 The Frequency and Severity of Head Injury.
| The National Safety Council reports [1] that in 1971, there were
160,000 occupational head, face and neck (excluding eye) injuries
which accounted for 7 percent of all injuries and § percent of

workman's compensation paid,

To serve as an ald in the development of standards for industrial
and firefighters head protective devices, calculations of injury
frequency rates and injury severity rates have been made for all

industries, with respect to head injury.

The state of New York was chosen for the analysis. New York has
a population of approximately 18 million and a wide range of
industries. 1In addition, information necessary to correlate
aceclident statisties with labor statistics, by Industry classifi-

cation was available.

In the United States, most individual states tabulate accident

cases as needed to implement workman's compensation programs.
The methods used vary from state to state and cross checking or

accumulation of data is often impossible.

Accident data for 2564 head injuries ($6,931,568 compensation)
from the state of New York for the year 1970 [] was tabulated

by electronic data processing methods as follows:

*Numbers in brackets designate references in Section 8 of this
report,

~1273 Vol. I Page 3



3.1.1 The Frequency and Severity of Head Iajury. - (Continued)

. Industry by extent of disability

« Industry by number of cases and compersation
awarded

. Occupation - Number of cases and compensation
awvarded

« Accident agency by type of accident
(number of cases)

. Accldent agency by type of accident
(compensation awarded)

These data, from the files of compensated cases closed during 1570,
were used in the calculaticn of Head Injury Frequency Rate (HIFR).
and Head Injury Severity Rate (HISR). HIFR and HISR follow the
method as set forth in ANSI Z16.1 - 1967 [3] for Disabling Injury
Frequency Rate and Disabling Injury Severity Rate. The number of
head Injuries and total days charged per head :(injury were sub-
stituted for the total number of injuries and total days charged,

respectively.

The Head Injury Frequency Rate and Head Injury Severity Rate have

been therefore calculated as:

. Head Injury Frequency Rate = Number of Head Injuries x 1,000,000
Employee Hours of Exposure

. Head Injury Severity Rate = Total Days Charged x 1,000,000
Employee Hours of Exposure

=-1273 Vol. I Page 4



3.1.1 The Frequency and Severity of Head Injury. ~ (Continued)

Total days charged were computed by determining the dollars earned
per employee per day from the Bureau of the Census '"taxable payrolls"
<for the first quarter of 1970 and assuming this constant for the year.
By dividing the dollars compensation awarded to a particular industry
by the dollars earned per employee per day, a '"Total Days Charged"

was found.

The Head Injury Frequency and Severity Rates for the 64 industries

studied is presented in Table 2.

The accident data used for calculation of these rates was checked
against national head injury figures. The New York State data show
total compensated cases closed as 117,100 cases. Therefore 2.2 percent
of New York's accidents are head injuries of the following types:

. Brain injuries (916 cases)

» Skull and scalp injuries (809 cases)

. Ear injuries (357 cases)

. Head injuries net otherwise classified (482)

These cases accounted for 2.5 percent of the total compensation for the
state, The percent of injury /'percent of compensation ratio is equiv-
alent for the National Safety Council (7%/87) and the New York State
(excluding face and neck) of 2.2%/2.57. In Few York there were 11,907
head, face and neck injuries (excluding eyes)} which represent 9% of the
total cases. This compares favorably with the 13 state National Safety

Council average of 7Z.

. =1273 Vol. I Page 5



3.1.1

The Frequency and Severity of Head Injury. - (Continued)

The 2564 head injury cases were reported from 54 industries and

" were tabulated by Standard Industrial Classification Manual

Codes (SIC) [4] and are shown in Table 1.

To obtain the value of employee hours of exposure needed for HIFR
and HISR calculation, an assumed average of 2000 hours worked per
yvear was multiplied by the number of employees in that particular
industry. Employment values were taken from Bureau of the Census

figures [5].

~1273 Vel, I Page 6



TABLE 1, HEAD INJURIES, COMPENSATED
CASES CLOSED, NEW YORK, 1970

SI1C NUMBER NUMBER OF DOLLARS

CODE INDUSTRY EMPLOYE'D HEAD INJURIES COMPENSATION
07 Agricultural services, 9003 12 , 66,365

forestry, fisheries
(Agricultural services
and hunting)

10 Mining 1818 1 2,612
Metal Mining

14 Non-metallic minerals, 3601 1 57
except fuels

15 Contract Construction 58062 80 279,826
General bullding
contractors

16 Heavy construction 29583 54 109,076
contractors

17 Special trade 147630 178 666,177
contractors

20 Manufacturing 106815 - 95 351,299
Food and kindred ‘
products

22 Textile mill products 50625 22 35,059

23 Apparel and other 277339 46 144,325
textile products

24 Lumber and wood 14611 17 176,459
products

25 Furniture and fixtures 33101 18 59,085

26 Paper and allied 59637 32 118,881
products

27 Printing and publishing 177347 39 92,972

28 Chemicals and allied 62009 21 14,157
products

-1273 Vol, I Pagd 7



SIC

copE
29
30
i1
az
33

34

36

37

38

39

40

TABLE 1. HEAD INJURIES,

COMPENSATED

CASES CLOSED, NEW YORK, 1970

INDUSTRY

Petroleum and coal
products

Rubber and plastics
products, n.e.c.

Leather and leather

-~ products

Stone, clay and
glass products

Primary metal
industries

Fabricated metal

"products

Machinery, except
electrical

Electrical equipment
and supplies

Transportation
equipment

Instruments and
related products

Miscellaneous
manufacturing industries

Transportation and other
public utilities
Railroad transportatiom

Local and interurban
passenger transit

Trucking and ware-
housing

RUMBER

EMPLOYFD

2573

33487

40261

38532

70277

95319

153070

211843

87441

92746

83587

33500

95128

82230

NUMBER OF
HEAD TNJURIES

DOLILARS
COMPENSATION

4

11

10

27

54

74

59

54

73

22

21

104

113
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4,160

4,360

13,606

91,014

184,833

178,320

211,133

170,703

70,903

45,086

61,255

363,543
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TABLE 1. HEAD INJURIES, COMPENSATED
CASES CLOSED, NEW YORK, 1970

SIC ' NUMBER NUMBER OF DOLLARS
COOE INDUSTRY EMPLOYED HEAD INJURIES COMPENSAT ION

G4 Water transporation 33337 15 53,843

&5 Transporation by air 57397 107 32,123

&5 Pipe line 189 1 4,485
transportation

47 Transportation services 29580 30 55,800

48 Communication 151546 25 122,933

49 Electric, gas and 55517 16 36,250
sanitary service

50 Wholesale trade 496740 105 367,835

52 "Retail trade 25131 12 59,227
Building materials and
farm equipment

53 General merchandise 201170 68 67,300

54 Food stores 166975 62 161,466

55 Automotive dealers 88644 31 63,708
and service stations

56 Apparel and accessory 101598 23 12,440
stores

57 Furniture and home 41761 16 63,732
furnishing stores

58 Eating and drinking 229607 86 238,160
places

59 Miscellaneous retail 105332 36 152,696
stores

60 Finance, insurance and 175038 22 48,389

real estate; banking

-1273 Vol. 1 Page 9



TABLE 1, HEAD INJURIES, COMPENSATED
CASES CLOSED, NEW YORK, 1970

SIC - NUMBER NUMBER OF DOLLARS
CODE INDUSTRY EMPLOYED HEAD INJURIES COMPENSATION
€1 Credit agencies other 24209 1 | 19,440
than banks
62 Security, commodity 99344 5 3,565
brokers and services
63 Insurance carriers 125951 ' 12 12,645
64 Insurance agents, 34824 1 1,058
brokers and service
65 Real Estate 124321 48 216,907
67 Holding and other 10882 1 350
investment companies
70 Services 73691 42 92,512
Hotels, and other
lodging places
72 Personal services 94176 34 46,116
73 Miscellaneous business 290493 54 200,166
services
75 Auto repair, services 35013 15 15,321
and garages
76 Miscellaneous repair 18875 16 12,105
services
78 Motion pilctures 30423 5 2,966
79 Amusement and recreation 49193 23 15,225
services, n.e.c.
BO Medical and other 296949 142 190,453
health services
81 Miscellaneous services, 130841 10 2,719
: legal services
84 and museums, botanical
and zoological
89 gardens

-1273 Vol. I Page 10



SIC
CODE

82

86

93

TABLE 1.

HFAD INJURIES, COMPENSATED

CASES CLOSED, NFEW YORK, 1970

INDUSTRY
Educational services

Nonprofit membership
organizations

Government: Local

NUMBER NUMBER OF
EMPLOYED HEAD INJURIES
137273 71
138827 46
831900 103

~1273 Vol. I Page 11
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TABLE 2, HEAD INJURY FREQUEMNCY RATE AXD HEAD
INJURY SEVERITY RATE, NEW YCRK

HEAD INJURY HEAD INJURY
SIC CODE FREQUENCY RATE SEVERITY RATE
07 - L6664 | 163.5
10 .2750 19.2
14 .1389 0.2
15 .6889 66.5
16 L9127 44 .0
17 .6029 59.4
20 Gb4T 54.3
22 .2173 13.6
23 .0829 114
24 .5818 241.2
25 L2719 33,5
26 .2683 33.6
27 .1010 7.3
28 .1693 3.4
29 7773 20.9
30 1642 2.5
31 , 12642 8.2
32 ,3504 31.5
33 .3842 38.0
34 . 3882 30.3
35 .1927 20.3
36 .1275 11.9
37 4174 10.2
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TABLE 2. HEAD INJURY FREQUENCY RATE AND HEAD
INJURY SEVERITY RATE, NEW YORK

HEAD IN.JURY HEAD INJURY
SIC CODE FREQUENCY RATE SEVERITY RATE
38 - ,11.86 5.8
39 .1256 15.0
40 L0448 -
41 + 5466 70.9
42 0871 60,7
44 .2250 25.2
45 ,9321 6.0
46 2.6455 204.6
47 .5071 28,2
48 _ .0825 11.1
49 L1441 7.8
50 .1057 9.9
52 .2387 46.9
53 .1690 9.8
56 .1857 27.3
55 . <1749 13.9
56 . 1132 3.2
57 1916 29.2
58 .1873 35.6
59 .1709 31.5
60 .0628 4.3
61 .0207 13.7
62 .0252 0.4

63 . , 0476 1.5

~1273 Vol. 1 Page 13



TABLE 2, HEAD INJURY FREQUENCY RATE AND HEAD
INJURY SEVERITY RATE, NEW YORK

HEAD INJURY HEAD INJURY
SIC CODE FREQUENCY RATE SEVERITY RATE

64 0144 : 0.5
65 .1930 41.1
67 .0459 0.4
70 .2850 34.1
72 .1805 12,5
73 .0929 11.9
75 2142 8.7
76 .4238 10.9
78 .0822 1.6
79 .2338 6.8
80 2391 13.6
81 .0382 0.3
84 :

89

82 .2586 18.8
86 .1657 23.2

93 00619 -

-1273 Vol. I Page 14



3.1.1

The Frequency and Severity of Head Injury. - (Continued)

National average values for HIFR and HISR may te found by averaging

“the 1970 and 1971 National Safety Council disabling injury fre-

quéncy and severity rates and taking 3 percent of this as the ratio
of head (excluding face, neck and eyes) injuries to total bodily
injuries, This yields a two year national average HIFR of 0.27 and

HISR of 19.0.

Industries found to have a HIFR and HISR greater than the two year
national averapes are consldered to deserve priority analysis of
head injury hazards. 1In order for these industries to reduce both
frequency and severity rate, it will be necessary to have emplovers
adhere to more stringent safety policies by:

+ FReducing head injury hazards

. Increasing the use of adequate head

protective devices

The 17 New York Industries which fit into this ﬁategory are listed
in ascending SIC code order as follows:

. Agricultural Services and Hunting

. Metal Mining

.> General Building Contractors

. Heavy Construction Contractors

. Special Trade Contractors

~1273 Vol. I Page 15



3.1.1 The Frequency and Severity of Head Injury. - (Continued)

. Food and Kindred Product Manufacturing

. Lumber and Wood Product Manufacturing

. Furniture and Fixture Manufacturirg

. Petroleum and Coal Product Manufacturing
. Stone,Clay and Glass Product Manufacturing
« Primary Metal Industries

. Electrical Equipment Manufacturing

« Local and Interurban Passenger Transit

« Trucking and Warehousing

« Pipeline Transportation

. Transportation Services

. Hotels and Other Lodging Places

3.,1,2 Economics of Head Protection.

The New York State accident sample showed that head injuries

accounted for 6.9 million dollars of the state's workman's com-—
pensation payment. We have earmarked all industry in that state
which has demonstrated a HIFR and HISR greater than the national

averages.

We may demonstrate the reduction in head injury costs through the
implementation of more rigorous head protection programs and thus

project the cost effectiveness of industrial headgear.
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Economics of Head Protection. - (Continued)

From the data presented in Table 1, it is seen that the total

. compensation awarded to the 17 previcusly cited industries is

$3,021,892.

It is widely accepted [6] that uninsured costs (lost production,
accldent investigation, accident report writing, lowered employee
norale, etc.) may cost from a low of one times the insured cost
to a high of six times the insured costs of accidents. The actual

percentages are based upon the individual employer's circumstances.

Studies &f motoreycle accidents have shown [7] that the introductior
of adequate head protection in a hazardous environment is likely

to cause a 30 percent reduction in injuries,

In any attempt to control a hazardous enviroament by means of
adequate head protection there will remain a percentage of unavoid-
able accidents. The New York samples showed that 445 head injuries
were the result of vehicular accidents and 388 casee were classi~
fied as resulting from "Other Agencies'. This represents 32.5% of

the accident cases.

Industrial head protection, unless specifically designed to mitigate

the effects of a vehicular head impact will not offer total protectionm.

~1273 Vol. I Page 17



3.1.2 Economlcs of Head Protection. - (Continued)

In the same regard, head injuries from undefired events may not
- be able to be controlled by head protective devices whose needs
have been predetermined by the known conditions of the environ-

ment.,

Under these circumstances we may expect approximately 307 of in-

dustrial head injuries to be unavoidable.

In summary then, after implementing a strong h:ad protection we’
may expect:

(a) 30% of all acecidents to be unavoidable

(b) 30% reduction of head injuries

(¢) 40% of head injuries to be of reduced severity

In terms of actual injuries avoided:

Compensation Costs - $ 6,900,000
Uninsured Costs (100%Z) -~ $ 6,900,000
Total Costs - 413,800,000
Unavoidable Injury - $ 4,140,000
Avoidable Injury - $ 9,660,000
Avoided Injury - $ 2,900,000

~1273 Vol. 1 Page 18



3.112

3.1.3

Economics of Head Protection. -~ (Continued)

Because there are approximately 900,000 employees in the 17
industry sample, any helmet which costs the gnplover:

$ 2,900,000 = $3,20/employee
900,000

will be cost effective.

Most forms of head protection, as will be discussed further on
may be expected to last 2 1/2 to 3 years. Therefore, if the head
protection cost is written off in a two year period a $6.40 hel-

met would be cost effective,

An average retail price of $4-5 per helmet, will be cost

effective in most circumstances.

Type of Industrial Accident and Severity of Head Injury.

There is presently a great variability in the quantity and quality
of accident statistics from sfate to state., This situation may be
alleviated in the future with the analysis of information contained
in the current COccupational Safety and Health Administration of the

U.S. Dept. of Labor (forms 100 and 101).

The one characteristic of accident statistics which is both useful
to the analysis of the needs of industrial and firefighters head
protective devices and 1s found in most accident report tabulations

is the descriptive category '"Type of Accident".
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3.1.3 Type of Industrlal Accident and Severity of Head Injury. ~ (Continued)

From the frequency and severity of accidents of any particular
type, it is possible to estimate the basic requirements of in-

dustrial headgear.

Table 3, shows a ranking, in terms of compensation awarded, from
the New York State accident sample. The accident types listed
in the table are the most common. Others had either too low an
occurrence or could not be controlled by means of a head pro-

tective device.

TABLE 3. TYPES OF ACCIDENTS YERSUS
COST OF INJURY

NUMBER OF COMPENSATION/

TYPE OF ACCIDENT INJURIES INJURY

S1ip or Overexertion 5 $7,769
Caught in or Between 22 4,930
Fall to Different Level 320 4,226
Struck By 1107 2,755
Fall on Same Level 306 2,406
Exposure to Temperature 29 849
Extremes '

Struck Against 329 783

In Table 3 the compensation/injury has been calculated by dividing the
total compensation awarded for any one type of accident by the number

of occurrences of head injury.
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3.1.3 Type cof Industrial Accident :nd Severity of Head Injury. — {Continued)

To allow any conclusions to be drawn from these data, attention
must be focused on the most prominent types of acclidents., Of
the 2118 head injuries shown in Table 3, S5lip or Overexertion
accounted for .2% of the injuries, Caught in or Between for 1%,

and Exposure to Temperature Extremes for 1l.4% of the injuries.

In not considering these we are left with onlv those accident

types as shown in Figure 1,

Intuitively, each of these accident types will have individual
characteristics and will require different levels of head pro-

tection.

The Struck Against accident is seen to produce the least severe
type of injury. This is, however, a significint injury type.
Because so many of these injuries are minor, nany are not re-
ported as lost time accidents. The cost to the employer of a

great many superficial wounds can be substantial.

It should be noted that a means of head pretection from the
Fall to Different Level, Struck By and Fall on Same Level
accident types, because of their more severe riature, would at

the same time offer protection from the Struck Against accident.
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3.1.3

Type of Industrial Accident and Severity of Head Injury. - {(Continued)

It is thus concluded that industrial protective headgear (excluding
firefighter's) should be capable of controlling these types of
accidents. These then lay the basis for the major classes of in-
dustrial head protection. These are shown in.Table 4.

TABLE 4., DISTRIBUTION OF MAJOR CLASSES
OF HEADGEAR

LEVEL OF PROTECTION

ACCIDENT TYPE MAXIMUM DUTY MEDIUM DUTY LIGHT DUTY
Fall to Different Level X
Struck by X X
Fall on Same Level X X X
© Struck Apgainst X X X
3.1.4 Other Industrial Head Injury Accident Parameters

3.1.4,1

Area of the Head.

We have shown that the Struck By type of accident is the most
common of the serious head injury accidents. One would expect
therefore that the top of the head would be the most vulnerable

to falling objects.

Lynch [8) in a study of industrial head protec:ion in New Zealand,
found that approximately one half of all head impacts occurred at

the top of the head and one half around the periphery. Interestingly,
from our accident sample, the Struck By accideat caused 1107 injuriés
and the sum total of the Fall to Different Level, Fall on Same level

and Struck Against accidents was 955,
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3.1.4.1 Area of the Head. - {(Continued)

This 1is not to say that all accidents vwhere one is struck by falling
objects will occur at the top of the head nor that whenever
one falls or strikes his head an injury will cccur on .the sides.

Bowever, protecticn from these accidents should follow this pattern.

In a study of 150 accident reports involving head impacts [9]
where the recipient of the blow was wearing an industrial
helmet of the type used in the United States, it was found
that an equal distribution of impacts occurred at all head

areas.

Rather than being contradictory to what has previously been
said, these 150 accident reports graphically demonstrate that
the present level of head protection is limited to areas at

the top of the head.

The industrial helmet, dependihg upon the environment in which
it is used, needs varying degrees of top of head and lateral

protection from impact.

3.1.4.2 Electrical Hazards

Industrial head protective devices of the high voltage electrical
insulation type have been instrumental in reducing the number of
fatalities in the electric utilities industry attributed to bumm

and electric shock through contact with the head.
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3.1‘4.2

Electrical Hazards - {(Continued)

The STOP SHOCK campaign of the Edison Electric Institute, start-
ing around 1961, led to the development of a tiest for electrical
{nsulation characteristics of industrial headgear, Thigeffeec~

tively contreclled the electrical hazard,

Figure 2 shows a plot of the number of fatalities resulting from
electrical contact with the head for the period 1949 to 1953

(compiled from [10]).

It should be noted that 1961 was the year that: the insulating
headgear was made mandatory in the electrical light and power

industry.

In 1967, the New Jersey Power and Light Company reported that
since the adoption of hard hats in 1954, no deaths or serious
injuries have occurred [11]. The employment for this utility

is approximately 1700.

In recent years, the materials used in the construction of
industrial headgear have changed. Most have shells made of a
thermoplastic material. Many such materials :.nherently possess
electrical insulating qualities. This situaton has resulted
in many helmet manufacturers producing one design of helmet and
by means of different labeling, designating separate models for
general industrial use and for those whose environments contain

the electrical hazard,
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3.1'1.'2

Electrical Hazards - (Centinued)

A review of accident data from the State of Ohio in 1970 [12]

shows that bodily injuries resulting from cont:act with electric

current occur in many different industry classifications.

data are shown in Table 5.

TABLE 5. BODILY INJURIES RESULTING FROM CONTACT
WITH ELECTRIC CURRENT, OHIO, 1970

INDUSTRY

Agriculture

Automobile Manufacturing
Chemicals

Communications

Concrete Products
Construction

Electrical Equipment
Electric Utilities

Food

Foundry

Glass

Iron & Steel Production
Machinery

Meat Packing

Mining, Coal
Miscellaneous Manufacturing
Non-Ferrous Metal Production
Petroleum

Printing and Publishing
Pulp and Paper

Quarry

Rubber

Sexvice

Sheet Metal

Steel

Transit & Transportation
Wholesale & Retail

. Wood Products
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3.1.4.2

3.2

3.2.1

Electrical Hazards - (Continued)

Because of the distribution of the electrical hazard problem
and the fact that an electrical insulation requirement would
not place an undue burden on present industrial helmet tech-
nology, all industrial headgear should possess electrical
insulating qualities. Those particular industries in which
an environment hostile to thermoplastics is prasent may be

considered a speclalty case.

Head Injury Types

Degree of Head Injury.

Head injuries are often categorized into three proups.
. Soft tissue (scalp) injuries
. Skull fractures

. Brain injuries

These types may be expanded upon and categorized as follows

(ffom [13]):

+ Minor - contusions, abrasions, superficial
lacerations

- mlld concussion with no loss of
consciousness

.« Moderate -~ deep or disfiguring lacerations
(non-dangerous)

- extensive lacerations without
dangerous hemorrhage

- concussion with enconsciousness
5 to 30 minutes

- skull fracture without concussion
or other intracranial injury

-1273 Vol. I Page 28



Dangerous
(survival
not assured)

3.2.1 Degree of Head Injury. - (Continued)

lacerations with dangerous
hemorrhage

skull fracture with con-
cussion as evidesnced by

loss of consciousness up
to 2 hours

concussion as evidence

by loss of conscicusness
from 30 minutes to 2 hours
without reference to poss-
ible intracranial injury

depressed fractures of the
skull

evidence of crit:ical intra-
cranial damage

We may define these injuries as follows:

. Contusion - A contusion occurs when a blunt force is applied
to the scalp of sufficient magnitude to extravasate blood
into the surrounding tissue under the intact skin.
characteristic black, yellow and blue discoloration occurs

as blood is broken down and removed from the area (from [14])

. Abrasion - An abrasion is caused by a blunt object sliding

over a body area with sufficient force to cenude the super-—

The

ficial layers of the skin (from [14]).
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3.2.1 Degree of Head Injury - (Continued)

. Lacerations -~ A laceration may be either of two types, a
puncture wound or & longer, incised wound. A puncture wound
occurs when a sharp object applies enough force to the skin
to penetrate 1t. When a sliding force is‘added to the pene-
tration by a sharp objeet, a tearing or slicing produces a

long opening in the skin (from [14]).

. Concussion - Concussion 1s that immediate post traumatic con-
scious state; not associated with microsccpic lesions of the
brain, frequently reversible but potentially fatal; and associated

in the human with amnesia (from [15]).

. Conscipusness - General wakefulness and responsiveness of the

mind to impressions made by the senses,

. Skull Fracture - The breakage of the bones of the skull resulting

from the application of an external force.

3.,2.2 Head Injury in the Industrial Environment

Accident statistics from the State of Wisconsin [16] allow 2 closer
look at how the various types of head injury relate to the type of

accident,

Table 6 shows type of injury wversus type of accident for some 290

accident cases.
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3.2.2 Head Injury in the Industrial Environment - (Continued)

TABLE 6. TYPE OF HEAD INJURY vs.
TYPE OF ACCIDINT

SKULL BRAIN SCALP
FRACTURE CONCUSSION BRUISES & LACERATIONS
(a)__ (b) ()

No. %2 oo & No. %
All Types 31 100 181 100 78 100
Fall To Different Level 10 32,3 19 10,5 3 3.8
Struck By 10 32.3 47  26.0 30 38.5
Fall on Same Level 4 12,9 38 20.9 7 9.0
Struck Against 0 0 31 17.1 29 37.2
Other or Unspecified 7 22.6 57 31.5 9 11.5

It should be noted that in thisg data, skull fractures were of the

moderate-to—dangerous type and concussions of the moderate type.

These data suggest that:

(a) Moderate to severe skull fractures may be controlled by pro-
tecting the head from falls to different lavels and objects

striking the head.

(b) Moderate brain concussions may be controllaed by protecting from
objects striking the head, from falls on the same level and

from striking against cbjects.

(c) Scalp bruises and lacerations may be contrnlled by protecting

from being struck by objects and striking against objects.
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3.2.3

3.2.3.1

Head Injury Criteria.

The ultimate poal in evaluating the safety characteristics of a
helmet 1s to assure that human head impact tolerance is not ex-
ceeded as a result of an aceident. Thus, it is necessary to
define human head injury tolerance. Various measures of head
impact tolerance have appeared over the years, the most recent
of which is the Head Injury Criterion as adopted by the U.S.

Department of Transportation [32].

Head Injury Criterion.

Considerable research was conducted by the National Highway
Traffic Safety Administration of the NOT inte the development

of the Head Injury Criterion in order that it would "set limits
on the acceleration exposure of the head that reflect the avail-
able biomechanical data in terms that can be satisfactorily

measured by a test dummy' {33].

The Head Injury Criterion, abbreviated HIC, resresents a toler-
ance limit assigned to the maximum permissible acceleraton ex-

posure the head may experience without serious internal injury.

The Head Injury Criterion may be expressed mathematically as:

12 ) 2.5
adt .
t1 (t2 - t1)

2-tl

£ 1000

~1273 Vol. I Page 32



3.2.3.1

3,2.3,2

Head Injury Criterion. - (Continued)

Where: a = Instantaneous acceleraticn at the
' head center of gravity
tl = An arbitrary time in the pulse
t2 = For a given tl, a time in the pulse

which maximizes the HIC

This mathematical expression was derived from the tolerance

limit line as shown in Figure 5:

- 2-5
A T = 1000

Where: A equals the average acceleration of the head
during impact, the area under an acrelaration~time
history of the head at impact, divided by the time
duration of impact, or:

tz :
Average acceleration = i adt
t2 - {1

and T is the time duration of impact.
The data from which the tolerance line has teen derived comes

from two basic sources, the Wayne State Unizersity skull fracture

data and the whole body acceleration data af simmarized by

Eiband [271.

The Need for a Head Injury Criterion.

The factors of human injury tolerance which must be considered in

the performance of an industrial helmet are as follows.
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3,2.3.2,1 Skull Fracture - In many cases, skull fractures themselves are

not a major cause of injury. They often serve as indicators of
the actual severity of the head injury. For this reason, fracture
threshold has been widely used in cadaver impact studies as a means

of gaging serious trauma.

The exceptions are (from [17]):

(a) when a fracture crosses a major artery or vein and gives
rise to hematoma.

(b) when the fracture line enters an adnasal sinus or the
mastoid cells providing an entry for infection.

(¢) when a basal linear fracture traumatizes or severs a
cranial nerve or major artery.

{(d) when a depressed fracture causes the cranial cavity to
decrease in size and the blow causes the brain to swell

and demand more intracranial space,

There are two major types of skull fracture, open and closed.
The open fracture will have a break in both the scalp and the
underlying bone and the closed fracture will have a break in

the bone with no break in the overlying skin.

Subdividing these general types there are many sub groups
such as:

. Simple Linear Fracture - occurring as a result of the

application of a blunt force which cracks the bone.
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3.2.3.2.1 Skull Fracture - (Continued)

The crack often takes the form of a single line run~

ning for a short distance from the area of contact.

. Comminuted Fracture - resulting in an area of the bone

breaking into many small pieces.

Depressed Fracture - occurs when an object of small

surface area strikes the skull and causes a localized

indentation and breaks the depressed bony area into

several pleces.

3.2.3.2.2 Human Tolerance to Skull Fracture.

A pressure of 800-1000
fracture [18]. It has
head with scalp intact

fracture,

Insofar as the area of

strongest with respect

psi is sufficient to cause the skull to
alsc been reported [19] that the cadaver

requires 400 to 600 in - 1b of energy to

the head is concerned, the head is

to fracture in the rear, side, and front

in that order [20]. 1t is expected that the top of the skull

is at least as strong as the sides [21].

The fracture tolerance of the head decreases wlth a decreasing

radius of the impacting object [22].
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3.2.3.2.3 Brain Indjury.

In general, there are three major types of brain injury:
. Cerebral Laceration
. Cerebral Contusion

. Cerebral Concussion

Cerebral laceration, the tearing of the brain substance is the
most severe type of brain injury and may be czused by direct con-
tact of an impacting object with the brain or by wviolent motions

of the brain relative to the skull.

Cerebral contusion 1s a bruising of the brain without a break in

the continuity of the surface of the deeper tissues [14].

The brain contusion injury may occur in both the coup (point of
impact) and contrecoup (directly opposite) locations of the skull/
brain interface. The contusion injury is characterized, by the
rupturing of small blood vessels at the coup and contrecoup points,
Blood 1s then extravasated into the surrounding brain tissues. In
the brain contusion injury, the contrecoup injury is more severe

than the coup [23, 24].

It has been shown that rotations of the head will cause shearing

of the membranes between the skull and the brain [25].

Cerebral concussion is often classified as the least severe form
of brain injury because it 1s often reversible. There are many
theories concerning the mechanism of cerebral concussion., The

conditions which exist when concussion is produced are [26]:
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3.2.3.2.3

3.2.3.2.4

Brain Injury. - (Continued)

. Shear stresses always occur in the brain stem region.

. Compression stresses occur in some areas or throughout
the entire brain.

. Pressure gradients generally occur throushout the brain.
Although pressure gradients may be minimal throughout the
brain but are always present in the brair stemn region.

. The brain, or at least a portion of it hzs been linearly
accelerated in all tests in which concussion has been
produced to date,

. Electrical transients occur which may be due to compres-

sive stresses.

It is felt that a primary cause of cerebral ccncussion is the
interruption of neural impulses In the reticular formation
(located within the spinal cord at the base of skull). These
interruptions are caused by stretching of the reticular forma-
tion {14]. It may be expected that this stretching will occur
as a result of rotation of the brain mass about the brain stem
in any of the three principal axes of head rotation (see figure

3) caused by an impact to the head.

Human Tolerance to Brain Injury.

The effects of cerebral laceration and cerebral contusion have

been well documented in the medical literature but human
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Figure 3, Axes of movement of skull on vertebral column
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3.2.3.2.4 Human Tolerance to Brain Injury. - {Continued)

tolerance values for these brain injuries are not avallable.
Cerebral concussion tolerance data are available and may be

used as an injury criterion.

Hodgson [27] points out three reasons why cencussion toler-

ance is a useful design parameter:

. It can be produced in laboratory animals under controlled

investigations of mechanism and/or mitigation.

. By definition, concussion is often reversible and there-

fore may be considered as a conservative toleramnce limit.

. Linear fractures comprise 807% of all skull fractures
and 80% of all linear fracture cases have had associlated
concussion. In essence, thls states that acceleration
data from cadaver impact studies of threshold linear

fractures may be used as concussion tolerances.

tntil the present time, the most widely accepted cerbral con-
cussion tolerance data has been the Wayne State University

cerebral concussion tolerance curve [28], Figure 4.

The ordinate of the curve represents a measure of head linear
acceleration, the effective acceleration. Effective accelera-
tion has been defined as the average acceleration or the area
under the acceleration-time impact respomse curve divided by

the time duration of impact.
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3.2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

The Wayne State University curve represents the results of

cadaver head impacts on to hard, flat surfaces.

The acceleration-time exposure seen by the head as a result of
an impact with an object may be compared with the curve and if
the data point lies above the tolerance line, a concussion is

assumed to have occurred,

Gadd, seecking & useful tolerance criteria for testing purpcses
combined the Wayne State University and Eiband Data and formu-
lated a Severity Index. The Severity Index was derived from a
plot of the Wayne State University and Eiband Data on lop-log

coordinates,

The resultant line had the equation

E 277 = 1000

In Gadds words: ''The inverse of the slope of such a straight
line threshold corresponds numerically with a simple exponential
welghting factor, from which it follows that injury threshold

can be defined as a single number.” [30]

From this, was produced the Severity Index forrula [31]:
SI ijfaz‘sdt
Where: ST = Severity Index
a = Acceleration (Instantaneous)
2,5 = Yeighting Factor for head impacts

t = time
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3.2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

Vhen: SI = 1000 it is assumed that the head injury

tolerance threshold has been reached.

Although the SI has been used for over 10 years, it has rccently
been under considerable criticism regarding its injury assessment
accuracy and reproducibiliry, It has since been replaced by the

Department of Transportation with the llead Injury Criterion.

One essential NHTSA criticism of the CGadd Severity Index ig that
the Gadd 51 'implicitly assumes that the Injurious effect of

acceleration exposures are additives" [33].

It is pointed out by the NMTSA that an analysis of air bag impacts
conducted at Hollman Air Force Base [34] using human volunteers which
showed that in several cases the volunteers were not injured and yet

the Gadd S exceeded 1000,

When the Wayne State University, Eiband (whole body acceleration)
and the Hollman studies are then plotted on log-log coordinates,
Figure 5, it is seen that all fall at or near the injury threshold

line,

The characteristics of the Head Injury Criterion may be summarized

as follows (from [35]):
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3.2.3.2.4 Human Tolerance to Brain Injury. - (Continued)

. Tt follows a formulation on which actual human

tolerance is based.

. It assures that an exposure to acceleration does not
contain any time intervals that have average acceler-

ations which are above the tolerance line

S
A T = 1000

. ¥t implicitly separates an impact impulse and a re-
bound impulse unless they are extremely close to-

gether.,

. It does not scale injury in terms of severity but
rather represents a boundary between unacceptable and

acceptable acceleration-time exposures.

. Since average acceleration is used the HIC has a tendency
of smoothing ciosely spaced recurring peaks and troughs

rather than highlighting them.

A treatment of a mathemetical rationale for a Head Injury Criterion
suggests that there may be inadequacies in the analysis due to a

lack of biomechanical research [36].
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3.2.3.3 Other Human Tolerance Considerations.

3.2.3.3.1 Head Rotational Acceleraticn.

As pointed out earlier, severe brain angular mdtions are known to
produce brain injury. Recent investigations on the effects of head
rotational accelerations on brain injury [37, 38] have shown that
these angular motions are closely related to the cerebral concussion
phenomena. However, at this time, there are no quantitative human

tolerance data available.

Head rotational acceleration injury studies require the use of living
subjects and have therefore been restricted to tests on rhesus and
squirrel monkeys. Attempts have been made to scale these data to

humans [39] but no conclusive evidence is awailable.

A method of measurement of head rotaﬁional accelerations has been
established [40) although no substantial human tolerance data from

volunteers has been compiled.

The application of this information to humam injury has, therefore,
been limited. The existence of head rotational accelerations mst
be appreciated and their occurrance controlled through adequate

headgear design.

3.2.3.3.2 Cervical Injury.

It has been shown that industrial workers and firefighters are

exposed to hazards of falling objects. If z falling object were
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3,2.3.3.2 Cervical Injury. {(Continued)

to strike a man standing upright at the top of his head (a condition
which does cccur in reality) the effects woulcd be quite different
from a blow on the side of the head where the head may swing freely

on the neck.

If the man struck by the falling object were rot wearing head pro-
tection, he would undoubtedly receive a head injury. 1If, on the
other hand, the man was wearing head protecticn, the forces trans-~
mitted through his helmet would have to be lindited to protection of
the weakest link in the body system, The cervical spine may be the

weakest link.

Cervical spine injury resulting from top of head blows may be
classified as extension - compression and flexion compression injuries

[41]).

This type of injury is found in automobile accidents and may also
be a result of [42]:
. A direct blow on the head when the individual is standin:

or sitting.

To a fall on the head such as diving into shallow water

or hitting a submerged object,

It has been reported that the values for maxirum allowable trans-
mitted force through a helmet as used in present standards for
ivdustrial head protection have been the maxirum allowable force

to the cervical vertebrae [43, 44).
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3.2.3.3.2 Cervical Injury. - (Continued)

~_ However, published research demonstrating human tolerance te dynamic

cervical compression is not available.

Studies of vertebral tolerance [45] shows the average ultimate

static compressive strength of the cervical vertebrae to be 830
pounds and that of the lumbar vertebrae to be 1220 pounds for ages

20 - 59, Patrick [46] has stated an approximate dynamic tolerance of
2000 pounds for the lumbar vertebrae. If this static/dynamic ratic
is applied to the cervical vertebrae, we find that the cervical dy-

namic tolerance is in the order of 1360 pounds,

-1273 Vol. 1 Page 47



3.3

MAthropometry of the Head

For the purposes of establishing a standardized testing surface for

industrial headgear, a set of headforms must be defined,

Industrial and firefighter's headgear presently sold in the United
States must meet the requirement of the ANSI Z89.1 and 7289.2 standarég.
The impact absorption and penetration resistance tests are conducted
vith the helmet mounted on an "A.M.L. Size Medium” headform,

Photograph 7.

The AML headforms were originally fabricated as a result of work
performed at the U. S. Army Aero Medical Laboratory in May of 1944

[47].

This study summarized anthropometric data for a head circumference
sizing system. Four sizes, small, medium, large and extra large

were specified, the size nmedium being chosen for the ANSI 2789 Standards.

In 1960, the WADD TR 60-631 Head Circumference Sizing System [48] was
published. This system estublished head anthropometry for a six

size circumferential system. Differences betwz2en the WADD dimensiﬁns
and the AMI, dimensions are accounted for by tha authors of the WADD
system who state that the AML sizinpg system '"was based on measurements
made on an Air Force population known to be significantly different

from that measured in 1350%.
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3.3
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Anthropometyy of the Head ~ (Continued)

The latest available head anthropometry data generated in the

" United States has been the Ul. S. Army Natick Laboratories [49]

for the male population and the U. 5. Air Forez Aero Medical

Research Laboratory (AMRL) {50] for the female population.,

Table 7 shows a comparison of the AML sizes with the Natick data.
It is seen that the size medium approximates a 40th percentile
male in the later study. Values for head circimference, head

length, head breadth and head height are shown,
These quantities are definec as follows:

. Head circumference - The maximum circumference of the head
measured above, but not including the brow ridges (bony

protrusions above the eye sockets).

. Head Length - The maxinum length of the head from the gabella
(the most forward point in the midline bet:ween the brow

ridge) to the back of the head,

. Head Breadth - The maximum breadth of the head in a plane
perpendicular to the mid-sagittal plane (plane dividing the

body into equal right and left sections).

. Head height - The vertical distance between the tragion, a

point located at the upper edge of the ear hole, and the

highest point on the head,
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Anthropometry of the Head - (Continued)

Table 8 shows a comparison of head sizes for 5th, 50th and 95th
percentile male (Natick) and female (AMRL). From these data, it
is seen that there are small differences betw2en the male and

female. These differences pose no problem in headform dirensioning.

In 1966, the ANSI 290.1-19¢6 [51] standard adopted a headform whose

basic dimensions were chosen from the WADD da-a for a size 4

headform. The headform designated was modified from the original.

data so that its contours w2re smoothed in orcer to minimize

testing variables.

The latest series of standard headform dimens:ons are those as
designated by the Department of Transportation for use in motor-

cycle helmet testing [52].

These dimensions are shown in Figure 6 for headform sizes A, B,

C and D,
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3.4 Human Factors Considerations

In order for a head protective device to offer the protection
“needed to overcome occupational hazards, it must be comfortable to

the wearer. Comfort is necessary because:!

(1) It is essential that the helmet be worn to be effective
and therefore any actions which would tend to discourage

use must be avoided.

(2) When protective qualitiles weigh too heavily, there may exist
a point where the man is so heavily taxed by factors of weight,
size, etc. that his own defensive mechanisms may be impaired

and thus occupational hazards are amplified.

Once a worker dons his helmet, the two become an operating com-
bination interacting to bring about a condition of suffiecient pro-
tection from the environment in which comfort and human acceptance

are limitinpg factors.

Human factors can weigh so heavily that it can logically be seen
that the maximum in head protection comfort is =2quivalent to no
protection at all. Almost without exception, when the factors of
comfort are maximized, they detract from the helmet's protective

capabilities,

3.4.1 Comfort
Human factors studies in the specific area of comfort are scarce,

to say the least, and yet comfort is basic in the process of

-1273 Vol. I Page 55



3.4.1

3.4.2

Comfort -~ (Continued)

providing the worker with protection. The study of helmet
comfort contains both physiological and psychological factors,
the most dominant considerations are weight, size, fit, thermal
characteristics, skin reaction to helmet materials, restrictions

of sensory process and aesthetic qualities.

Helmet Weight

By means of a mail survey technique, an assescsment has been made
of the most frequent comfort complaints of industrial head pro-
tective devices. Approximately 907 of the responses complain thaé
industrial helmet weight is excessive. Consicering the fact that
most industrial helmets, manufactured to meet present standards,
welgh essentially one pound, it would appear ss if these com-
plaints are unwarranted. ¥From data gathered, it is evident that
the complaints are not so nuch unwarranted as misdirected. Weight
ﬁust be subdivided and factors such as size and fit must be

examined.

Incorporating Titchener's [53] description of the three kinesthetic
sensations, the perception of weight on the head and the coentribution

of weight to discomfort are:

. Fatigue of muscles that move the head.
. Pressure exerted on joints,
. Strain induced in tendons (effort).
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3.4.2

3.4,3

Helmet Weight - (Continued)

To these we may add:

. Restriction of blood wvessels by excess pressure

at points of head/helmet contact.

The effects of helmet weight will be a function of how well
balanced a helmet is and for how long a period of time it is

worn [54].

From the adaptation level theory [55], it is known that the longer
a helmet 1is worn, the more the wearer becomes accustomed to its

weight,

Size of Helmet

To date, the relationship between the helmet size and the comfort
it provides the wearer has not been firmly established. Generally
speaking, it can be stated that the optimum helmet design 1s one
which fits closely to the head, is not excessively hot and does
not restrict sensory input. That is, the mass moment of iﬂgrtia
should be kept as low as pcssible while maintaining human comfort

and compatibility.

In addition to moment of inertia considerations, the effects of
an altered head center of gravity resulting from the attachment
of a helmet must be examined. Industrial headzear symmetry will

assure right or left center of gravity location at or near the
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3'4.3

3.4.4

Size of Helmet - (Continued)

mid-sagittal plane. However, most industrial headgear offering
protection primarily to the top of the head, vwill effectively

raise the head center of gravity. The increased moment experieaced
at the occipital condyles (head/neck junction) when the head
vertical axis changes corientation will result in increased loading

of the muscles that move the head which will increase muscular fatigue

and discomfort.

Helmet Fit

From a review of the available literature, there are strong indi--
cations that helmet fit plays an important part in helmet comfort.
It was established that, in many cases, fit wes found to be a pri-
mary cause of discomfort [56]. It has also been found [57] that
the ability of the helmet to form itself arourd the head (load

distribution) 1s an important fit and comfort consideration.

These factors suggest that it is quite possib]; that many of the com-
plaints of excess helmet weight may be more accurately attributed

to fit characteristics rather the weight per se. The fit problems
found most frequently in present industrial head protection devices

are due to:
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3.4.4 Helmet Fit - (Continuzd)
(a) ®Rigid or semi-rigid suspension compcnents
which do not form themselves to the head when

WOIn.

(b) Helmets with distinct methods of suspension
adjustments are not properly adjusted by the

wearer.

(¢c) HMany helmets, especially the low quality ones,

lose adjustment easily.,

McKenzie [56] has found that 'when fit characteristics are analyzed,
it will become apparent that the elimination of the current cradle-

type suspension is the key toward developing a comfortable headgear."”

When considering the need for a closely fitting headgear, the
thermal charactexistics of the headgear become important con-

siderations.

3.4.5 Thermal Characteristics

From surveys on industrial head protection it is evident that the
second most prevalent comfort complaint is attributed to excess
heat. While head/helmet clearance may provide ventilation, there
exists the undesirable attribute of greenhouse effect. The in-
clusion of a close fitting compressible liner may well serve to act

as a heat fiansulator.
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3.4.5 Thermal Characteristics -~ {Continued)

Some helmets with closely fitting liners are known to be hot

in warm weather [58] while there have been reports {59] that
industrial helmets of present design help keep the head cool
when in a hot environment. Bacause of lack of more substantial
data in this area, it would seem desirable to retain the pre-~

sent head/helmet clearance configuration.

From military experience ([60], it is knowm that many complaints
of excess helmet heat may better be attributed to psychological
rather than physioligical factors. For this reason, it is
reconmended that most helmets have a glossy, light colored

finish,

3.4.6 Skin Reaction to Helmet Material

It is desirable that the materials used in the construction of
helmets not react adversely with the skin and the helmet should

be resistant to normal substances applied to the skin and hair,

In general, a helmet must be resistant to:
. sweat, hair oil and grooming aids
. dust, pollutants

. fungus and rot
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3.4.7 Regtriction of Sensory Processes

In order to assure that the industrial helmet provides adequate
head protection, it is essential that the senses of sight and

hearing are not restricted by the employment cf the protective

device.

In the continuous process of mentally monitoring his working
environment, the worker's sensory inputs of potentially hazardous
industrial conditions are the most important safepuards against

industrial accidents.

At present, the industrial helmet offers virtually unrestricted
use of sight and hearing. It is, therefore, important that such
features do not become Infringed upon. In ordzr to prevent the
possibility that new designs might tend to restrict the sensory
inputs, it is essential that the standards for head protective

devices specify minimum sensory restriction.

It should be noted that little is known about :he psychological
effects of sensory deprivation on the industrial worker, Curtis
and Zuckerman [61] have shown that adverse reaction can be expected
from total sensory deprivation, but the effects of partial sensory
deprivation as a result of protective headgear design have not been

fully investigated.
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3.4.8 Aesthetic Qualities

There is no available data in the literature mm the effect of
wearer reaction to helmet style on the incidence or severity of

head injuries.

It is reasonable to assume that style factors will be controlled

by consumer gelection of marketed helmets.,

There exists some concern that women are less likely to wear
industrial head protection than men due to helmet style. How-
ever, from questiommaires received from employers, there appears

to be no distinguishable problem in this area.
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Requirements of Industrial and Firefighter's Head Protection

. Industrial and firefighter's head protective davices must be

designed to provide:

(1) impact protection - by limiting the magnit:ude and concen-

tration of Impact forces.

(2) penetration resistance - by being shatter resistant, smooth

and rigid.
(3) retention -~ by having sufficient securing strap strength.

(4) protection from the enviromment - by beinj resistant to

weather and fire and by being electrically insulating. .
(5) comfort - as required by the intended use.

Industrial Headgear Requirements

Section 5 of éhis report details the development of ecriteria
for the performance requirements of industrial headgear. For
purposes of systematically listing the needs of industrial
headgear the essential performance requirements are outlined

here.
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Impact Protection
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As previously discussed, the distribution of classes of head

following:

CLASS
Class 1
Class 2

Class 3

- protection by geverity of head injury accident type shows the

MOST SEVERE HAIARD

Fall to Different: lLevel
Struck by Objects

Fall on Same level

We may conslider each of these circumstances individually.

A. Falls to Different Levels -~ The fall to different level

accldent may be viewed as a random eccurrence which will

be dependent upon the work area, the worker's protective

equipment (safety hamess, shoes, etc.) his physical con-

dition, his acclimation to heights and his mental attitude,

Some common types of
. falls
. falls
. fallg
. falls
. falls
. falls

. falls

falls to different levels are:
from roofs

from skeleton constructions
from scaffolds

down stairs

off ladders

from platforms

from motor wvehicles
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3.5.1.1 Impact Protection -~ (Continued)

The accident dates studied revealed no meax or common
fall height which would enable laboratory accident
simulation. 1In addition, there appears to be no re-
lationship between the degree of injury aad height of
fall [61] which precludes compgrison of injuries from
Fall on Same Level and Fall to Different Level accidents

for computations of mean fall height.

When the body falls in a position such that the head is
free to move on the neck, we may consider the head as a

rigid body.

Under these circumstances, a one story (10 feet) fall will
result in the head impacting with 110 ft -~ 1b of energy
(assuming an 11 pound head). At present, the only class
of industrial headgear designed to operate at such high
energy levels are those built to New Zealand Standard

2264-1970 [62].

In the New Zealand specification, helmets must pass an

impacf test comprised of dropping an li pound mass a dis-
tance of 10 feet onto a rigidly mounted headform. Under
these circumstances, a force, measured at the base of the

headform, is not to exceed 5000 pounds.
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3,5.1.1 Impact Protection - (Continued)

B-

Struck by Objects - A worker receives a head injury most

frequently from objects striking his head. An analysis
of 150 Turtle Club [9] accident reports has shown such
objects may weigh an average of 17,8 pounds and may possess

300 ft - 1b of energy at the time of impact.

As stated earlier, the commonly encounterad accident where
the worker 1s struck by falling objects presents a unique
problem to top of head impacts. In this configuration, the
head 1s not freely movable and may be considered as semi

rigidly mounted to the neck.

Industrial helmets manufactured in the U.3, are impact test-
ed by being mounted on a headform which i1 turn is mounted
to a force measuring device and then having an 8 pound steel
sphere dropped a distance of 5 feet onto the apex of the

helmet.

The discussion in Section 5.1 of this report shows that when
the force measuring device used in the impact test system of
the ANSI Z89 standard reads its maximum allowable, (1000 pounds)
an acceleration measured at the center of gravity of an instru-
nented drop mass (of approximately the weight of the head) will

be 80g.
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3.5.1.1 Impact Protection - {(Continued)

When industrial helmets are mounted to an instrumented
headform and dreopped onto a rigidly mounted spherically
shaped anvil at the helmet apex from a distance of 72
to 75 inches, they remain operational. With improved
design it is expected that helmets subjected to such a

test will pass an 80g failure criteriom.

. To provide protection from falling objects which strike

the head, an industrial helmet should be :mpact tested
by being mounted to an instrumented headform and dropped
a distance of 72 inches onto a hemispherically shaped
steel anvil, Headform accelerations shou’d not exceced

80g when such an impact ocecurs.

Falls on Same level - Accidents where one falls on the

same level are frequently of the siip and fall and trip
and fall types. The blows applied to the head are of
the fall to different level type, but of a lesser magni-

tude,

Protection from falls of this nature requires that a
helmet must sustain an impact of being dropped from a

height of 36 inches onto 2 rigid flat steel anvil,
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Penetration Resistance

The testing of the penetration resistance capabilities of a

. helwet:
. assures the integrity of the outer surface
of the headgear
. demonstrates the helmets ability to ward off
sharp objects
. requires that the helmet spread concentrated

forces over a larger area

Investigatory tests have shown that helmets designed to protect
from falls to different levels and to ward off falling objects
may be tested for penetration resistance by dropping a 1 Kg
(2.2 ﬁounds) plumb bob a distance of 3 meters- 118 inches)

onto the outer surface of the helmet. Helmets used for pro-
tection against falls on the same levels should resist the
penetration of the same plumb bob when dropped a distance of

1.25 meters (47 inches) onto the helmet's outer surface.

Retention

The forces generated in the fall to different .evel accident
require that a chin strap used to retain a helnet on the head
should remain intact when subjected to a chin loading of 100
pounds, Helmets used for the purpose of warding off objects
and protecting from falls on the same level should withstand

25 pound chin forces.
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3.5.1.4 Protection from the Environment

Helmets designed for general industrial use:

. should remain operable within a temperature range of
14°F to 122°F and should be resistant to storage temper-
atures of 160°F

should not absorb more than 5% water by weight when
subjected to 24 hour water immersion

. should not burn at a rate greater tham 3 :inches per
minute

. should withstand voltages of 30,000 volts, AC

3.5,1.5 Comfort
Helmets designed to protect from falls to different levels
should not weigh more than 18 ounces, those designed to ward
off falling objects should not weigh more than 16 ounces and
13 ounces should be the maximum allowable for helmets used to

protect from falls on same levels.

3.5.2 Special Requirements for Firefighter's Headgea:.

3,5.2.1 Impact Attenuation and Penetration Resistance

Head injuries suffered by the 18,000 man New York City Fire
Department for the year 1971 [63] have been studied. These

data are shown in Table 9.

The data illustrate that firemen are most likely to receive
impacts from falling cbjects such as weakened ceilings and

falling debris.
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Impact Attenuation and Penetration Resistance - (Continued)

From the above and from surveys of safety personnel in the

. New York City, Los Angeles, Bostor and Chicago fire departments,

the special requirements of firefighter's headpear have been de-

termined.

Insofar as impact protection is concerned, firefighter's helmets
should be tested by being mounted on an instrunented headform and
dropped a distance of:

72 inches onto a hemispherically shaped anvil
at the apex

. 36 inches onto a flat anvil in other areas of
the head

Penetration resistance should be of the type as noted for industrial

headgear for the struck by and fall on same lewvel protection, that
is, 2 1 Kg plumb bob dropped a distance of:
. 3 metexs onto the helmet apex

. 1.25 meters onto other areas of the holmet
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TABLE 9, NEW YORK CITY FIRE DEPARTMENT
HEAD INJURIES, 1971
Total NMumber of Head Injuries = 58; Total Days Lost = 71l
Total Number Employed = 13,000; 42 hours/week |
Head Injury Frequency Rate = 2,12
Head Injury Severity Rate =/27.4

Average Days Charged Per Head Injury = 12.92

Extent of Head Injury By Accident Agency

Loss of
. Conscious-
Concussion Contusion ness Laceration N.E.C. Total

Falling 1 6 - 1 7 15
Objects
Falling 2 18 2 3 8 33
Ceilings .
Hostile - 3 - 1 2 6
Missles .
Explosion 1 - - - - 1
Direct - - - - 1 1
Lateral Blow
Bump into - - - - 1 1
N.E.C. - - - 1l 1 2

4 27 2 6 20 5C%

N.E.C. = Not otherwlse classified

*One report of a double agency
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Retention

Firefipghter's headgear as presently manufactured incorporate

a wide brim for deflecting water. TFalling objects are likely

to strike such a large area and forcibly remove the helmet

from the fireman's head.

It is essential that the chin strap of a fireman's helmet with-

stand a 100 pound chin forece.

Protectien frem the Environment.

A. Heat - From an analysis of firefighting heat environments
[64], we find that hear conditions are likely to exist in

the range of 20-7000°C.

In order to assure adequate performance,. fire -

helmets must be tested at temperatures of 14°F (-10°C) to
300°F (150°C). Temperatures at this level are sufficient
to protect from most situations. Temperafures "in the
furnace" would require specialized radiation reflecting

protective apparel,

B. Fire Resistance - The necessity of the firefighter's

helmet to resist fire is self explanatory. These helmets
must be made of materials which exhibit self-extinguishing

characteristics.

-1273 Vel. I Page 72



A

Davrow T"BROWN INC.
e o

3.5,2.3 Protection from the Environment. - (Continued)

C.

Electrical Protection - Although the incidence of electrical

shock and burn injuries in firefighting activities is low,
firefighters are often exposed to electrical hazards., Fires
in urban areas may take the men into areas on or around
electrically powered rail transportation systems. In resi-
dential and industrial fires, it is our understanding that
electrical supply lines are often not disconnected prior to
commencement of firefiphting activities, This is clearly an
electrical hazard. The low incidence may be explained by the

usage of other rubber insulating gear worr. by firefighters.

These circumstances dictate that firefighter's headgear

should withstand the 30,000 volt requirement of industrial

headgear.

Water Absorption - Firefighter's headgear must be made of

materials which will not absorb an excessive amount of water.
Five percent water absorption (by weight) after a 24-hour

water bath is an agreeable upper limit.

Weight - Firefighter's headgear are worn for relatively short
durations, Under these circumstances, a naximum helmet weight

of 30 cunces is acceptable,
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Methods of Head Protection

In the discussion thus far, the head injury environment has

~ been described and the levels and types of head protecticn

necessary to overcome a hazard have been outlined. It is the
purpose of this section to explain the methods-by which a head
protective device offers protection, to describe how present
industrial helmets in the United States are constructed and to
note how head protective devices are manufactulred and what are
the manufacturing capabilities of the head prot.ection industry

in the U.S.

Characteristics of Helmets
Protecting the head from injury is essentially a packagling pro-
blem. When the head is placed in a hostile environment, it may

be shielded by being encased in a protective structure.

Nature has designed the head in a sophisticated fashion so that
the scalp, skull and cerebrospinal fluid surround and shield the

brain from injury,

As an example, it is known [65] that the dry human skull will
fracture with the abéorption‘ZS in - 1b of enerpy whereas with
the scalp and brain intact -400-600 in - 1lb is necessary for

fracture, when dropped on a hard flat surface.
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3.6.1 Characteristics of Helmets - (Continuad)

When it is expected that forces will be exerted omn the head
~which exceed the protective capabilities of the anatomical
structure it 1s necessary that we provide additional protec-

tion.

3.6.1.1 The Impact

When an object strikes the head (or when the head strikes an
object) forces exerted on the head will:

(a) compress the scalp

{(b) deform the skull

{(¢) move the skull with respect to the brain

Each of these three actions is likely to cause injury if the

impact is of sufficient magnitude.

The present level of understanding of biomechanics requires that
in designing for impact protection we consider the head as a rigid
body. As such, we may fashion a protective styructure around the

head which will mitigate the effects of the impact.

In describing the impact situation it should be noted that the
situations of a moving object striking an immovable head and a
moving head striking an immovable object are mechanically equiv-

alent, assuming the moving mass, be 1t the head or the object

have the same weight,
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The Tmpact - (Continued)

The consideration of the impact condition where a moving body

~ strikes an immovable object is a simpler case than the object

striking a movable object and is less likely to induce error
in experimentation. We will consider the impending object as
striking normal to the imnmovable surface. These situations

are shown in Figure 7,

In the collision between the head and an object, if the re-
lative velocity between the two is brought to zero without

injury to the head, impact protection will have been achieved,

If the unprotected head is taken as colliding with a rigid
surface, the head will be brought to rest relative to the
surface by its own deformation. To eliminate deformation of
the head, some other medium which provides a stopping distance
must be added, This stopping or crush distance may be supplied

by a helmet.

In this case, the head is brought to rest by forces applied to
it by the helmet. Due to the compression of the helmet these
forces are exerted even after the head comes to rest and the
head is accelerated in a direction opposite to its original

motion.
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3.6.1.1 The Impact ~ (Continued)
The measurement of the deceleration and rebound of the head
would permit the graphical representation of the impact as

" shown in Figure 8.

Such an acceleration — time exposure must then be critically

analyzed for its injury producing potential.

The abllity of a material to decelerate the head without in-
jury will be dependent upon the physical properties of the

material,

The methods of head protection which are used to effectively
providé a sub-critical acceleration - time exposure are:

. protective padding/semi-rigid shell

. suspension/semi-rigid shell

. padding & suspension/semi-rigid shell
In all cases, a seml-rigid shell is used to distribute con-

centrated loading.

In the first case stopping distance is provided by padding
material and in the second metﬁod the head 1is rnzintained a
distance from the semi-rigid shell by means of a suspension
or harness., These are depicted in Figures 9(a) and 9(b)
respectively. The third case may be considered as a hybrid

and will possess properties of both protective padding and

the suspension system.
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3.6.1.1 The Impact - (Continued)

A,

Protective Padding - Protective padding, which may be

of a resilient or non-resilient nature, in its normal
configuration is bonded to the inner surface of a hei-

met shell (semi-rigid outer surface).

Although a thorough treatment of the design of pro-
tective headgear and the dynamic behavior of their
composite materials is beyond the scope of this report,
a series of illustrative examples of material and hel-

met response is in order,

For purposes of experimentatiomn, protective padding
materials were mounted to a helmet impact testing
apparatus in much the same manner as would be experi-
enced in the testing of the helmet itself. The test
apparatus, as shown in Figure 10, is the standard rigid

anvil apparatus as specified in ANSI Z90.1-1971 [66].

The system is comprised of a drop carriagz, to which

iz mowmted a magnesium test headform. Tha headform has
a plezoelectric accelerometer mounted at its center of
gpravity which, when appropriate signal coaditioning
equipment is used, provides accurate recording of the
acceleration - time history of the impact onto tﬁe rigid
steel anvil. A detailed discussion of thils equipment is

given in Section 5.2,
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3.6.1.1 The Impact - (Continued)
Samples of protective padding materials were prepared by
cutting the materials into 4" x 4" squares and attaching
to thelr surfaces sheets of 4" x 4" x 1/8" polycarbonate

plastic, as depicted in Figure 11,

The samples were then attached to the forehead part of
the test headform and dropped from various heights onto
a hemigpherically shaped rigid steel anvil of 1.9 inch

radius.

The materials studied were:

3
(a) expanded polystyrene foam, 9 1lb/ft density
1l inch thickness

{(b) ethafoam (polyethylene), 9 lb/fi:3 density
1 inch thickness

Figure 12(a) and 12(b) show the impact results in terms

of :
. peak accelération (g) versus drop height
. Head Injury Criterion and Gadd Severity
Index versus drop height
respectively.
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3.6.1.1 The Impact - (Continued)
From the graphs it is evident that for greater drop heights,
the expanded polystyrene produces lower acceleration and
injury index values than the ethafoam. This may not be con-
strued to be an indictment of any class of materials because the_
material selection process will involve many other factors

which must be determined experimentally for the application.

When designing a protective headgear, the engineer must view
the following factors as variables in the selection of his
helmet materials:

. density, thickness and stiffness of the
outer shell

. density and thickness of padding material

. curvature of anvil

. local curvature of he;dform

. size and shape §f helmet

. resistance of construction materials to

expected environmental conditions

To these must be added the required range of operating impact
energies, the required acceleration ~ time cutput, the over-
all weight of the helret, its expected selling price, ease of

manufacture and safety factors for production - line variatiorn.
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3.5.1.1 The Impact - (Continued)
Examination of Figures 13(a) and 13(b) shows the variation
in pulse shape for the expanded polystyrene for drops at

the 54 inch and 72 inch levels respectively.

It should be noted that no protective padding material will
compress to its fullest., Most padding matierials will behave
in a spring-like manner where the aéceleration (force) will
increase with increased deformation., This will continue
until the material "bottoms" and can be no longer compressed.
At this point accelerations will have greatly exceeded human .

tolerance limits,

An example, of this characteristic is seen in the acceleration
pulses of Figures 1l4(a) and 14(b) for the drops with the etha-

foam padding at the 54 inch and 84 inch levels respectively.
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3.6.1.2 Suspension System

In the suspension type helmet, straps encircle the head and are
. attached to the helmet shell maintaining crush distance between
the head and the shell, This configuration is extensively used

in present industrial headgear sold in the U.S,

The system makes use of the deformation charac:eristics of the

helmet shell and the tensile properties of the webbing material.

As in the case of protective padding, head acccleration is the
measurable quantity. The suspension rests on and distributes
load’ over the head, and therefore the area of the suspension in
contact with the head must be sufficiently larse to minimize the

risk of skull fracture during impact loading.

There are two general types of suspension systems:

(a) crown straps - (Figu:e 15) crown straps are normally
made of either nylon webbing or of one-piece plastic
eonstruction. These straps are rigidly anchored to
the helmet shell at four, six or eight points, de-
pending upon the number of straps used., Attached to
(or in the case of molded plastic, integral with) the
erown straps is a headband which enc:rcles the head.
At the forehead part of the headband is a sweatband
and at the rear on some models is a nape strap which
assists in retaining the helmet on the head when in

the bending over forward position,
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Suspension System - (Continued)

The type of suspension system thus used will provide
wmidirectional inpact energy absorption and in this
case will afford protection from blows to the top of

the head only.

The use of crown straps requires that a minimum dis-
tance exist between the top of the hezad and helmet
shell., The ANSI Z892 standards require a minimum of
3 1/4 inches be maintained regardless of wearer ad-

Justment.

Axtachment of the straps to the shell is normally
provided by through - the - shell rivets or, in the
case of electrically insulating headpear by hook type

anchors seated in grooves or indentations in the shell.

Depending upon design, anchorages projecting into the
shell cavity ma§ pose a hazard to the wearer by being
non-deformable. These will become high forge concen-
tration points when a blow is delivered on or around

their locatiom.
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3.5.,1,2 Suspension System - (Continued)

‘In general, when a blow is delivered to the apex of the
shell/suspension helmet, the force of impzct is efficiently

attenuated by the system,

As an example of the interaction between the shell and sus-
pension consider Figures 16(a) and 16(b). Figure 16(a) shows
- the headform response when a helmet of aluminum shell ‘and
four-point nylon webbing suspension is drcpped a distance of
40 inches onto a flat rigid anvil. TFigure 16(b) shows the
response for the same type helmet with rigid steel straps in-!

.stalled in place of the original webbing material,

It is seen that the suspension effectively reduces both peak
acceleration and onset rate (g/sec.) and spreads out the

impact over a longer period.

The suspension helmet will function well vntil the head/shell

distance approaches zero and the total remaining force of im—

pact is transferred directly to the head.

Such a case may be seen in Figure 17 where a helmet of poly-
carbonate shell and nylon suspension was dropped a distance

of 90 inches onto a rigid hemispherical anvil at the apex.
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3.6.1.3 Merits and Weaknesses of Padding and Suspension Methods.

The inherent characteristics of both impact protection systems

may be summarized as follows:

(a)

(b)

(c)

Direction of Impact - padding material possesses the
ability to protect from blows to manr head areas. To
offer the same protection, suspension type helmets
would need an elaborate system of stiraps and anchorages

to maintain head/helmet clearance in all directionms.

Protection Ability - impacts to the uapex of helmets
with padding and with suspension have shown that the
suspension helmet offers superior energy absorption
characteristics. In areas other than at the apex, how-
ever, present industrial headgear offer virtually no
protection whereas the padding type helmets are capable

of absorbing high energy blows in all directions,

Comfort Factors

(1) Heat - suspension type helmets are more suited to
high tempeéature working condit:lons as the head/
helmet clearance allows ventilat:ion., The padding
helmet which fits closely to the head will tend to

be uncomfortably hot.

" Conversely, in cold environment:s the padding helmet

is more suitable,
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3.6,1.3 Merits and Weaknesses of Padding and Suspension Methods. ~ {Continued)

(d)

{2) Fit - Both the suspension and pzdding helmet, to fit
well, must conform to the contours of the head. In
padding type helmets this may be accomplished by a
soft foam covering over the padding material. For
suspension helmets, the nylon webbing material con-
forms well to the head dimensiors.whereas the molded
plastic suspensions are notlpliable and tend to produce

poorer fit,

(3) Weight - If designed properly, tte padding type helmet
will not be appreciably heavier than the suspension
type, because of the very low density of padding mate-

rials.

However, because of the large hcad/helmet apex clear-
ance in the suspension helmets, these will tend to
have a high center of mass and therefore will feel

"top heavy"! when worn.

Ease of Maintenance - The suspension helmet is by far the
more easily maintained of the two. By removing the sus-
pension from the shell, both may be cleaned or disinfected

or, if needed, a new suspension may be installed.
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Merits and Weaknesses of Padding and Suspension Methods. - (Continued)

Most padding materials are not easily cleanable, and may
be damaged if cleaning is attempted. Thus, soiled padding
must ge able to be removed and easily replaced with new
material or the padding must be covered with a material

which is resistant to contaminants.

The Hybrid

In many applications such as protective headgear for sports and helmets

for law enforcement officers, the relative merits of both protective
padding and suspension have been combined to ofifer the best possible

protection.

Present Tvypes of Head Protection

In the United States there are two basic levels of industrial head

protective devices:

. The industrial helmet and the fire helmet,

. The bump cap.

The Industrial Helmet

The standard industrial protective helmet, often referred to as a
hard hat or industrial helmet, is governed by the following types

and classes according to ANST 7Z89.1-1969 and ANSI Z89.2-1971:
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The Industrial Helmet - (Continued)

Type 1 ~ Helmet, full brim

Type 2 - Helmet, brimless, with peak

Class A - Limited Voltage Protection

Class B - Maximum Voltage Protection

Class C - ©Nc Voltage Protection

Class D - Limited Voltage Protection, Fire Fighter's

Service, Type 1 only.

The most prevalent construction details of these head protective

services are:

1.

A hard shell, some smooth, others with reinforcing ridges of
various designs. The most common shell materials are poly-
ethylene, polycarbonate, ABS (Acrylentrile-Butadiene-Styrene),
polycarbonate/ABS blend, aluminum, fiberglass, and resin-

impregnated textiles,

A suspension which encircles the head usuzlly of plastic con-

struction and adjustable to a variety of sizes, The suspension

provides impact protection from top of head blows.

A sweatband which contacts the workers head at least at the

forehead area. It is usually of a leatherette construction.
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3.6.2.1 The Industrial Helmet - (Continued)

Accessories for these helmets include:

1. A chin strap of fabric covered elastic which attaches to the

shell or suspension.

2, A nape strap usually of plastic material, sometimes containing
a plastic foam pad. It extends from the rear of the suspension
and encircles the occipital region of the head for retentiom

purposes.,

Firefipghter's helmets are governed by the 289..1 specification, how-
ever, these are often thought of as being classified separately be-—
cause of their different construction. The shell materials for fire~
‘fighter's headgear are found to be made of leather, fiberglass, thermo-

plastic and aluminum.

The shells have large, contoured brims which are designed to shed fall-
ing water. Chin straps found 6n these helmets may be of the elastic
type or of leather comstruction, The suspension may be of the type
found on industrial helmets but in some cases a cotton skull cap is

used in its place.

3.6.2,2 The Bump Cap

The bump cap is a small light helmet whose function is to serve as pro-
tection from bumps, cuts, and scrapes. Presen:ly, no standard or

specification exists for this type of headgear,
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The Bump Cap - (Continued)

The bump cap consists of:

‘ 1. A light, smooth plastic shell of cap design which has a peak

but no brim, Some designs incorporate a rolled edge. Other
designs contain 2 to 4 inches of perforations for ventilation

on the sides of the cap.

2, A positioning suspension which secures thz shell to the head-
band, usually of plastic construction and not designed to ab-

sorb impact forces,

3. An adjustable headband with size ranges marked. The headband
is usually made of plastic material and covered by a leather-

ette sweatband.

Manufacturing Capabilities

The purpose of this section is to outline the capability of industry
within the United States and in foreign countries to manufacture the

types of head protective devices needed.

Present United States Preduction

In 1971, some 30 manufacturers and distributors in the United States
sold over 15,000,000 industrial and firefighter's head protective

devices, as described in Section 3.6.2.
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Present United States Production - (Continued)

Table 10 lists 26 helmet models which appeared on the 16 February

"1972 Qualified Products List of Construction Werker's Helmets

(Federal Specification GGG-T-142) [67].

Helmets having thermoplastic shells, the most zbundant type, are
manufactured using injection molded techniques. There are an
estimated 30 molds in use in the U.S., each cocting approxinmately

$20,000 (mold only, does not include molding mzchine).

Fiberglass shell helmets are normally of flocking/resin construction
and manufactured by common molding techniques., Helmets of aluminum
shell construction are produced by metal stamping methods. Helmets
of resin impregnated textiles are normally fabricated by application

of phenolic resin to several layers of textile matting.

Fireman's helmets of leather construction are made from sewn to-

gether segments of horse leather, contoured and finished by hand.

Internal suspensiong of the plastic type are injection molded.
Other types and materials of suspension components are manufactured

and assembled by varilous automated and manual production methods.
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TABLE 10, HELMET MODELS APPEARING ON
16 FEBRUARY 1972 QUALIFIED
PRODUCTS LIST OF CONSTRUCTION
WORKERS' HELMETS

Type 1 (Full Brim Hat)

MANUFACTURER

Apex-Fibre Glass Products

E. D. Bullard Co.

E. D. Bullaxd Co.

The Fibre Metal Products Co.
Mine Safety Appliance Co.
Mine Safety Appliance Co,.
Mine Safety Appliance Co.
Mine Safety Appliance Co.
Willson Products Div.

Willson Products Div.

MODEL

Apex 1F-1

Models 70-503DM, DL
Models 70-803DM, DL
Superglas

Type "K" "Skullgards"
H.S.A. Glass Tiber Hat
M.S.A., Topgard

M.S.A. V Gard

Style No. 3STH

Model éSTH

Type II (Cap with Peak)

American Optical Corp.

Apex Fibre-Glass Products

E. D. Bullard Co,

E. D. Bullard Co.

E. D. Bullard Co.

Cam—Hi Safety, Inec.

The Fibre-Metal froducts Co.

The Fibre-Metal Products Co.

X 16A

Apex 1F-2

Models 70-502DM, DL
Model ES502

Model 70-802-D
CH-69 Raintrough
Superglas

Superlectric E-2 Cap
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Type 11 (Cap with Peak)

(Continued)

MANUFACTURER MODEL
Jackson Products 5C-3
Jackson Products 5C-10
Mine Safety Appliance Co. Type "B" "Skullgards"
Mine Safety Appliance Co. M.S.A. Glass Fibar Hat
Mine Safety Appliance Co. M.S5.A., Type B Skullgard
Mine Safety Appliance Co. M.S,A, V Gard |
Welsh Mfg. Co. Polycap
Welsh Mfg. Co. CAPAT
Willson Products Div. Willson Products No., 5 STC
Willson Products Div. Style No. 9 STC
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Present United States Production - (Continued)

With the exception of the leather firefighter's helmet, modern

- mass production techniques have been applied to the manufacture

of industrial protective headgear.

This accounts for the relatively low retail price of industrial
headgear. Industrial helmets conforming to AN3SI Z89 standards,
depending upon design and materials, will cost the consumer

approximately $3-6 each.

Foreign Production

Most industrialized nations of the world manufiacture and use
industrial head protective devices, Most nations have their
own specifications, however, many western European countries

adhere to IS0 standards.

Although actual total production figures have been difficult to
obtain, the following estimates have been cbta:ined for three
representative countries:

. West Germany - 3,000,000 units/vear

. Australia

300,000 units/year

. Japan 6,000,000 wunits/year
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Pequired Modification for Irmproved Head Protective Devices

The pfoduction of head protective devices to meet the needs of the

. industrial and firefighting environment as devaloped in this study

will require modification of existing designs and/or totally new

headgear.

The need for standardized identification markings and consumer in-

- formation appearing on each head protective device will, by itself,

necessitate modification of all existing industrial helmet shell

molds and dies.

As ﬁas been previously stated, the impact protzection afforded by

industrial headgear should be extended to include the fromt, rear

and sides of the head as well as the top.

Modification of the present shell/suspension design will be needed

in order to effect this change.

Manufacturers may be expected to incorporate various types of pro-
tective padding and suspension arrangements depending upon the

chosen design, materials and manufacturing methods.

It is expected that all requirements set forth herein are within the
state of the art technology. The apex impact requirement (72 inch
impact drop - 80g maximum head acceleratfion) of CLASS 1, CLASS 2,

CLASS 4 headgear may pose some problem to designers,
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Matrix

The needs of industrial and firefighter's head protective devices

- may be tabulated with respect to devices preseatly available, de-

vices which may be produced with present technology, and current

standards which apply to the need,

As such this represents a matrix or guideline by which recommended

standards may be developed.

The matrix is presented as Table 11 and considers the following

need categories:

Table 11,

(a) Impact Protection, fall to different level hazard
(b) 1Impact Protection, struck by object hazard

(c) Impact Protection, fall on same level hazard

(d) Penetration Resistance, fall to different level hazard
(e) Penetration Resistance, struck by object hazard
(f)' Penetration Resistance, fall on samerlevel hazard
(g) Retention, fall to different level hazard

(h) Retention, struck by object hazard

(1) Retention, fall on same level hazard

(j) Operating Temperatures

(k) Electrical Resistance

(1) Flammability

(m) Moisture Resistance

(n) Weight

(o) Identification Markings
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4.0 EVALUATION OF CURRENT STANDARDS

The ANSI Z89.1 and 289.2 currently govern industrial and fire-
" fighter's helmets sold in the United States. 7The performance

reﬁuirements of these standards are summarized.in Table 12,

4.1 Background of the ANST Standards

The existing ANSI Z89 Class A, B, C and D headgear have evolved
from previous standards and represent a compilation of many
different requirements which have been found to be necessary

through the years.

Fragments of research and test methods developed over the past
50 years form the basis of these standards. .Consequently,
much of the reasoning which led to the production of the per-

formance levels has been lost.

Many of the researchers responsible for the derivation of the
methods and procedures of the old standards are deceased and
the files and test reports surrounding their work has been lost

or destroyed.

We may trace the development of the ANSI standards which is

shown in Figure 18, The complete titles of these standards are:
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Background of the ANSI Standards - (Continued)

72.1-1921 American Standard Code for the Protection of

Heads, Eyes and Respiratory Organs.

' . Z2.1-1938 American Standard Code for the Protection of

Heads, Eyes and Respiratory Organs.
. Federal Specification GGG-H-142

. 22.1-1959 Amevican Standard Safety Code for Head, Eve and

Respiratory Protection.

. AP-1-1961 Specifications for Electrical Workers Insulating

Safety Headgear, Edison Electric Institute.

. Z89.1-1969 American National Standard Safety Requirements

for Imdustrial lead Protection.

. 789.2-1971 American National Standard Safety Requirements
for Industrial Protective Helmets for Electrical Workers,

Class B.

0f particular interest in the progression of these standards is

the development of the performance requirements.

The bulk of the Z89.1-1969 standard appeared in the 22,1-1959.

Thus, we may focus our attention at the 1938-1959 standard evolution,
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22,1-1921

22.1-1938

Fed. Spec.
GGG-H-142

r—=—===-

Z22.1-1959

jooe e g p— g g m——

EEI AP-1-1961

289.1-1969

7289.2-1971

FIGURE 18. Development of the ANSI Industrial Helmet Standards
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4,1.1 Impact Protection

Prior to the 1959 standard, the impact test was conducted by
adjusting the helmet's crown straps to allow 1 1/4 inch crown

- ¢learance, a sheet of white paper backed up by carbon paper
was then lined inside the shell. The helmet was then mounted
on a wooden hat block and an 8 pound steel sphare was dropped
a distance of 5 feet onto the center of the crown of the helmet.
"The transfer of marks from the block or straps to the crown,
or vice versa, shall indicate failure to withs:and the impact
from this same blow without breaking or forcing the hat down over

the head" [68].

In July 1949, the New York Naval Shipyard reported [69] the
results of a program to Investigate possible improvements in

this procedure,

In their words, "it was considered desirable to develop a method
whereby the magnitude of the férce transmitted by the impact to

the hat block could be evaluated quantitatively.'" Their work
resulted in the construction of an impact test apparatus consisting
of a hat block mounted on a simply supported beam to which strain
gages were attached. The strain gage output was amplified and
displayed on a cathode ray oscilloscope, providing a record of

the force transmitted through the helmet.

In August 1951, the Material Laboratory [70] engaged in a project
to develop a simplified impact test evaluation method for brand

apﬁroval and inspection test purposes.
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Impact Protection — {Continued)

It was noted that the carbon mark transfer method was "...found,
in general, unsatisfactory and in many cases completely inadequate

in evaluating drop ball impact performance."

The developed strain gage method was not consiidered a viable
solution because ",.,.0f the relatively intricate procedure in-

volved in recording and calibrating the transient force-time curves.”

Their final effort produced an apparatus whereby the force trans-

mitted through a helmet under test was measured by means of a

mechanical indentation gage. This system called the "Brinell

Impression Method'" consisted of having a hat block apply force by.means
of a hardened steel ball to which an aluminum bar whose Brinell Hardness
has been predetermined. The diameter of the resulting impression in

thié aluminum bar, when read with a micrometer nicroscope, represents

a measure of the transmitted force.

The diameter of the impression could be.evaluated by the following
Brinell hardness formula:

F=22xHx1Dx (D~D? _g%)

2

where:

F = transmitted force in pounds.

H &« average Brinell hardness number of the impression bar

D = diameter of impression ball, mm

d = diameter of impression, mm
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Impact Protection — (Continued)

This test method was adopted in Federal Specifilcation GGG-H-142

and later Z2.1-1959 and exists in the ANSI 289 standards almost

exactly as developed by the Material Laboratory. The Brinell

pénetrator assembly as specified in ANSI 289 is shown in Figure 19.

The developers of the Brinell impression method, as a result of
impacts on 69 helmets demonstrating an average transmitted force
of 1090 pounds, recommended that a performance standard using this
method should limit allowable transmitted forces to a maximum of
1000 pounds average force of the samples tested and a maximum
individual force of 1500 pounds. Although the actual progression |
is not known, it is noted that Federal Specification GGG-H-142 re-
quired a maximum average force of 850 pounds with no limitations

on peak individual forces. 22.1-1959 adopted this same requirement.

The ANSI Z89 standards now limit transmitted fcrces of 850 pounds

maximum average and 1000 pounds maximum individual.

It should be noted that in the Z2.1-1959 étandard a Class C headgea:
for limited impact protection and having no electrical protection
was specified. This helmet, specifically intended to refer to the
metallic helmet, was subjected to an impact of a 3 foot drop of the
8 pound steel sphere. This deviation from the 5 foot drop height

was later omitted from the ANSI Z89 specifications.
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4.1.1 Impact Protection - (Continued)

Two other impact test developments are noteworthy:

(a) Headfoerms - Originally, a sinple wooden headform af unknown
dimension was used for the carbon mark transfer method.
With the development of the Brinell Impression method [71],
a set of six wooden hat blocks of the typé used for shaping
the crowns of felt hats of different head sizes were emploved,
Subsequently, a set of four wooden headforms were produced
from AML head size standards (Section 3.3) and used for
jmpact evaluation. The present ANST specifications require
the use of the AML size medium headform for all impact tests.
Presently, the short supply of wood headforms has led to the l
use of an aluminum headform as marketed by the Industrial

Safety Equipment Association.

(b) Crown Clearance - Understandably in the ifmpact test, a variation
in helmet crown clearance adjustﬁent could yield vastly differing
test results. To overcome this problem, t:he authors of the
ANSY Z89 specifications eliminated the Z2,1-1959 requirement
for adjusting crown clearance to 1 1/2 inches and mandated that
all industrial headgear when suspension is in its most relaxed

position should have no less than 1 1/4 inch crown clearance.
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Penetration and Low Voltage Insulation Resistance

The currently specified ANSI Z89 Penetration Resistance Test

. and Low Voltage {(2200V) Insulation Resistance ‘Test were in effect

at the time of the Material Laboratory impact test investigations [69].
In addition, the current performance requirements for water absorption

were also governing protective hats.

High Voltage Insulation Resistance Test

Concern over the number of fatalities to electrical wérkers due to
contact of the head with sources of eleétric current led the
Accident Prevention Committee of the Edison Electric Institute to
develop a specification for high voltage electrically insulating
headgear (EEI AP-1-1961). This requirement has been adopted in

ANST 7Z89.2-1971 for Class B headgear.

Inadequacies of the Z89 Test Methods

The specific attributes of the Z89 test methods will be treated
in detail in Section 5.2; the following, however is an overview

of some of the more obvious inadequacies of the 289 tests.

Impact Test

The drop ball impact using the Brinell Penetrator Assembly was, as
previously stated, developed as a simplified impact test for inspection
test evaluations. At that time, the mechanical test offered simplicity,
eagse of evaluation, low testing cost and, at that time, more re-

producible results than more sophisticated force measuring devices.
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Impact Test ~ (Continued)

It is apparent that certain factors, which at one time were

considered insignificant, are causing a relatively large scatter

- in impact test results. These are summarized as follows:

(1) Degree of homogeneity of impression bars.
(2) Accuracy of impression bar hardness measurement.

(3) Elastic deformation of impression bar at the point of

impact.

(4) ‘'"Mushrooming' at the edges of the impression bar giving

rise to inaccurate measurements.
(5) Variation in drop ball impact point.

In addition, the Z89 impact test apparatus does not provide

for impacts at areas other than at the apex of the helmet.

Penetration Tests

This poxtion of the standard should be reviszed to reflect the state

of the art of helmet testing. The presént mathod requires that
penetration of the helmet shall not exceed 3/8 inch {mesasured alcng
the side of the point of the plumb bob) when a one-pound plumb bob is
dropped from a height of 10 feet into the apex of the helmet. The
test is conducted at room ambient temperature uand the results reported

as the average result of the three helmets tesied.
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Penetration Tests = (Continued

The existing method of measurement is inaccurate and deoes not

account for the existence of transient deformation of the helmet

- shell, The test should be conducted at high and low temperatures

as well as at room ambient in order to assess the variation of
helmet material mechanical properties with temperature. In
addition, the helmets should be tested on the sides, in additiom

to the penetration tests at the apex,

Electrical Insulation Test

The electrical insulation test, while essentially adequate for

evaluation purposes falls to:

(1) specify instrumentation accuracy;

(2) explicity define breakdown voltage,

Review of Standards

The specifications for industrial head protect:ilon in countries

other than the United States have followed the basic concepts of

the ANSI test methods.

In particular, the standards of Canada, Great Britain and Australia

closely parallel the Z89 standards.

Tables 13, 14, 15 and 16 summarize the standard designations, per-
formance requirements, test methods and user information of the

U.g,, Canadian, Australian, British and New Zealand standards.
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Review of Standards - {(Continued) v

The most radical departure of this trend is sean in the newly

developed New Zealand specification (NZS 2264:1970) for maximum

- protection industrial head protection.

It is readily apparent that none but the New 7ealand standard

have realized the need for providing helmet retention.

Of significance is the departure from the Brinell impact evaluation
method in the Light Duty British Standard (BS 4033: 1966) and the
New Zealand standard which have sought to more accurately measure

impact performance,

The only other major departure from the norm is the edge stiffness
test of the Australian standard which somewhat resembles the now

defunct edge gtiffness test of the Z2.1-1959 U.S. standard.
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CRITERIA FOR RECOMMENDED STANDARDS

Performance Criteria

It has been determined that: the overall problem of pro-

viding adequate head protection for industrial workers and

firefighters may best be accomplished by four levels of head

protection:

(1) Maximum Duty - for use by industrial workers in extremely

(2)

(3

hazardous environments where work on elevated surfaces
risks the precipitation of falls and where there is con-
siderable risk of being struck by falling or flying ob-

jects.

Medium Duty - for use by industrial workers in moderately

hazardous environments where there is considerable rick

| of béing struck by falling objects and where imperfect

working surfaces create a risk of slips and falls.

Light Duty - for use by industrial workers in low hazard
areas where working surfaces create a risk of slips and
falls and where objects in the work area create a signif-

icant bump-into hazard.

-1273 Vol. I Page 129



Tt g

TIPS,
Davron T Broww swe.

5,1 Performance Criteria - (Continued)

(4) Filrefighter's Headgear - for use by individuals engaged in
municipal firefighting activities where there is considerable
risk of being struck by falling debris and where walking sur-
faces are such that a slip and fall hazard igs prevalent. In
addition, firefighter's headgear must be highly resistant

to fire and heat.

The following sections develop the attributes snd levels of per-~

formance for these classes.

5.1.1 General Requirements

5.,1,1.1  Materials
Industrial protective headgear for general use will be subjected

to varying degrees of user sbuse and environmertal exposure.

For this reason all industrial and firefighter's headgear must
demonstrate: |
(a) durability of materials - Durability is a qualitative
requirement which must be designed into the headgear,
and which may be evaluated by the user. A manufacturer
who does not produce a helmet which will stand up to

the abuses of the wearer will find difficulty in market-

ing it.
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Materials - {(Continued)

(b)

(c)

resistance to sunlight - No helmet should be severely
attacked or have its performance degraded by ultra-
vioclet radiation, Although all materials will show
some degradation with age, most heln@t materials appear
to be wnaffected by exposure to the elements [72].
This, of course, does not guarantee performance of
future designs, and a test method ig desirable., How-
ever, the most reliable weathering irformation must
come from actual exposure which is nct well suited to
laboratory test. Present metheds of artificial U.V,
conditioning such as the weatherometer, will not per-
mit uniform and realistic exposure of a helmet. Until
better definition of the U.V. condition is made, the

requirement must be left to. the inteprity of the manu-

‘facturer.

compatibility with the wearer - All wmaterials which come
in contact with the wearer's head must not cause skin
irritation or disease and must not be affected by per-
spiration, body oils or normal hair preparations. In
addition, the structure of the helmet must not possess
inherent risks to the wearer. That is, all edges of the
helmet must be smooth and there must be no rigid inteinal
projections which may cause injury to the wearer in the

event of an impact.
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Materials - (Continued)
| (d) resistance to common cleaners - A}l helmets must with-
stand soap and water cleanings by the user. This should
extend to common household detergents and, of course,

any cleaners reccommended by the manufacturers.

Helmet Assembly

All industrial and firefighter's helmets must »rotect all areas of the
upper part of the wearer's head., This area may be described as
lying above the reference plane of the head. 'The reference plane

is an immaginary plane which 1lies a specified distance above and par-

allel to the basic plane. The basic plane passes through the centers

" of the external ear openings and the lower edges of the eye sockets,

as shown in Figure 20. The distance between the reference and basic

planes will be proportional to head size and therefore must be de-

" signated on appropriate positioning headforms.

It is not intended that all protective headgear should limit pro-

teétion to the upper area of the head., 7Tt is desirable that as much

of the head as possible be protected, however, headgear for

general industrial and firefighting use must be compatible with exist-

ing forms of eye, ear and respiratory personal protective equipment. Thus,

any required area of protection should be limited so that it does not

conflict with the space requirements of other protective gear.
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Helmet Assembly - (Continued)

Helmets designed for increased area of protectiosn must not interfere

with wearer's vision. To accomplish this, no l:ss than 120° periph-

eral vision to each side of the mid-sagittal, plane must be maintaired

from the basic plane to the brow opening of the helmet Figure 21.

In order te meet the needs of industrial and firefighter's head pro-

tection all helmets must provide:

(a) outer shell - The outer shell of a helmet must be hard
and non-brittle to resist penetrating objects and to
spread impact loading. The shell must be as smooth as
possible to minimize head rotation and ward off glancing
fmpacts. In the area above the reference plane, the
shell must be of mniform strength anc thus have no holes or

gaps, and must be of nominally uniform thickness.

For eye protection and ease of placenent each helmet must
héve a peak extending, as part of the shell, over the eyes.
The’peak nust be a minimum of one inch in width and to re-
duce the possibility of head rotatior. from falling object
impact, should be no greater than twc inches in width,

The peak should extend to at least the biocular diameter
{distance between the outer corners of the eyes) which is
approximately two inches to each side of the mid-sagittal

plane for the 50th percentile male [48].
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5.1.1.2 Helmet Assembly - (Continued)

In some applications it may be desirzble for the helmet
to have a brim which extends the full circumference of
the helmet for deflecting water. In this case

brims on industrial helmets should bé‘no greater than two

inches in width.

For firefighters use, brim dimensions and contours will
be as selected by the user., Some firefighting departments
have gone to great lengths to accurately describe brim
contour requirements [73]. Many fire departments are
currently investigating the use of ore pilece protective
suits and helmets with integral eye protection. In these

cases no peak or brim need be required.

(b) force attenuating medium - It is imperative that the force
attenuating medium used in the helmet be it protective,

padding or a suspension system, have the following charac-
teristics:

. be molsture and perspiration resistant

. be easily cleanable (exposed padding and straps)

. cements used for the installation of protective
padding must be weather and perspiration resistan:
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5.1.1.2 Helmet Assembly - (Continued)

(c)

(d)

retention system - The helmet wmust have a chin strap
or some other means of retaining the helmet on the
head with equivalent strength., Straps used must be a
minimum of 3/4 inch in width to eliminate concentrated

loading and to maximize comfort.

identification markings - For purposes of identification,
each helmet must have a clearly visible marking depicting
the class of protection. In order to optimize visibility
a seal on the forehead part of the shell, such as that .
shown in Figure 22, should be molded as part of the shell.

These markings are:

+ Maximum Duty

CLASS 1 _.@
@

cLass 3 -(3)
cLass 4 -(4)

In addition, on the underside of the peak or brim, the

. Medium Duty - CLASS 2

. Light Duty

Firefighter

following information must appear:
. Class of Headgear
. Manufacturer's Name
« Model Designation
« Month and Year of Manufacture

+ Recommended Cleaning Agent
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d) CLASS 4.- FIREFIGHTERS HEADGEAR

FICURE 22 IDENTIFICATION MARKINGS
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5.1,1.2 Helmet Assembly -~ (Continued)

This information must be permanently molded, stamped,
branded, engraved or etched into the shell material.

In this manner, the user will have this important in-
formation readily available. This will aléo aid the
employer by assuring him that the helmet used is correct
for the application. This will alsc assist hinm when it
is determined that replacement of the entire helmet or

parts of it is necessary.
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5.1.2 Performance Requirements

5.1.2.1 Impact Attenuation

In keeping within the basic impact protection needs of industrial
and firefighter's headgear, we may develop the impact performance

requirements of the various levels of protection:

5.1.2,1.3 Qutput: Human Tolerance - for purposes of assessing the helmet's
ability to mitigate the effects of a blow to the head, we must
evaluate a helmet's impaét performance in terms of available human

tolerance data,

A, Lateral Impact - Im Section 3.3, it was shown that severe
injury to the front, rear and sides of the head may be reduced

by controlling cerebral concussion.

Subsequently, it was shown that the Head Injury Criterion has
been accepted as a means of assessing head impact response,
such that the concussion injury threshold is not reached.
Thus, the Head Injury Criterion must be used as a failure in-
dex for all helmet Impacts except those occurring at the hel-

met apéx.
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5.1.2,1.1 Cutput: - (Continued)

B.

Apex Impact - As stated previously, the biomechanical response

of the human to an impact to the top of a protected head is

not well defined. Many researchers have :ssumed that such
impacts must be governed by the brain concussion injury tolerance.
This has not been demonstrated, On the other hand, many have
voiced concern that top of head impacts miy accelerate the head

downwards with such magnitude that cervical fracture will result.

Because of this lack of definitive data, (it 1s considered essential
that the present 289 apex impact failure levels, which have ncot
shown a large incidence of cervical or concussion injury be main-
tained. It is understood that this represents a conservative in-
jury estimate, however, such a safety factor can only be expected

to save the lives of more workers.

Head Injury Criterion evaluation requires the measurement of head
acceleration. The p?esent Brinell penetrator assembly does nct
allow this. The use of an instrumented hcadform as an impact test
device is requiréd. As such, it is benefleial to conduct all im-
pact evaluations on one fixture, so0 a correlation is necessary

between the Brinell method, and the instrumented headform method.
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5¢1l.2.1,1 Output: - {(Continued)
The correlation is necessary because the Brinell method is

known not to accurately measure impact force.

The developers of the Brinell Impression apparatus [70] state:
"In the Brinell Impression method, the measurement of transmitted
force, made by means of a mechanical indentation gage, represents,

in effect, an "integrated" or summation wvalue."

As shown in Photographs 1 and 2, the Brinell Impression apparatus
response was compared by means of a contirolled impact. An instru-
mented drop mass having a 3,8'" diameter, hemispherical anvil
attached was dropped such that the potential energy of impact

was equal to 40 ft.-1b., onto the Brinell apparatus. An MEP

(1" open blue Modular Elastomer Programmer, MTS Systems, Inc.)

was mounted to the Brinell assembly. The weight of the MEP and
its mounting was adjusted to equal the weight of the standard

ISEA headform (Photograph 7).

Twenty drops were made with a calibrated load washer mounted in

place of the impression ball and aluminun bar. These results,
shown in Table 17, yielded a mean peak transmitted force of

3,423 pounds.
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TABLE 17,
STATISTICAL VARTATION IN 20 DROPS USING

INSTRUMENTED DROP MASS AND LOAD WASHER
MOUNTED IN PLACE OF ALUMINUM IMPRESSION BAR

LOAD WASHER READINGS

DROP_NO. FORCE, F M-F 002
43 3,401 1bs. +22.4 1bs. 501.76 1bs.
44 3,368 +55.4 3,069.16
45 3,501 -77.6 6,021.76
46 3,463 ~39.6 1,568.16
47 3,449 -25.6 655.36
48 3,417 + 6.4 40.96
49 3,448 24,6 605.16
50 3,524 ~100.6 10,120.36
51 3,463 -39.6 1,568.16
52 3,467 -43.6 1,900.96
53 3,459 -35.6 1,267,36
54 3,366 +57.4 3,294.76

55 3,436 ~12.6 158.76
56 3,418 + 5.4 29.16
57 2,419 + 4.t 19.36
58 3,310 +113.4 12,859.56
59 3,359 +o4 .4 4,147.36
60 3,379 +44s o4 1,971.36
61 3,429 - 5.6 31.36
62 3,391 +32.4 1,049.76

L 68,467 1bs. 50,880.60 1bs.
MEAN (M) = 88,487 - 3,423.4 1bs.
20
. 2 1 L
STANDARD DEVIATION (5) = + A&L"il“ = + J _5’_9_-_5131§0~60
n- !

= +51.75 Ibs. (1.5%)
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5.1.2.1.1 Output: - {Continued)
Next, the same apparatug with the standard indenter and aluminum
. impression bars (2S - O aluminum, 23.6 Brinell Hardness) was then
subjected to 22 drops of the same magnitude. Computed values of peak
force were made by measuring the diameters of the impressions in
the aluminum bars (Photograph . 3), using a toolmakers microscope,
and are shown in Table 18. The mean peak transmitted force is seen

to be 3122 pounds.

The differences may best be atrributed to enerpy absorbed in deforming

the aluminum bar {741,

The next series of tests were coﬁducted by dropping the mass onto
the MEP, where the MEP was rigidly mounted with a load washer be-
neath it to the back-up anvil, This instrumented mass/rigid anvil
is basically the same configuration as the ANS! Z90,l1 instrumented
headform/rigid anvil as shown in Photograph 4. Converted to force,
the acceleration readings, Table 19, show a mean peak transmitted

force of 2906 pounds.

The ratic, then, between rigid anvil drop mass aceeleration (converted

R L

to pounds force) and Brinell pounds is:

Drop Mass = 2906 = 0,931
Brinell 3122
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TABLE 18,
STATISTICAL VARIATION IN 22 DROPS USIKG

INSTRUMENTED DROP MASS AND BRINELL
PENETRATOR ASSEMBLY

ALUMINUM TMPRESSION BAR READINGS

DROP NO. FORCE, F M-F (M-F)?
21 3,110 1bs, + 12.0 1bs. 144.00 1bs.
22 3,550 -428.0 183,184.00
23 3,260 -138.0 19,044.00
24 3,171 - 49.0 2,401.00
25 3,150 - 28.0 784.00
26 2,606 +516.0 266,256.00
27 3,221 - 99.0 9,801.00
28 3,197 - 75.0 5,625.00 '
29 3,234 -112.0 12,544.00
30 3,164 - 42,0 1,764.00
31 2,636 +486.0 236,196.00
32 3,216 - 94.0 8,836.00
33 3,188 - 66.0 4,356.00
34 3,200 - 78.0 6,084.00
35 3,126 ‘ - 4.0 16.00
36 3,171 - 49,0 2,401,00
37 3,110 + 12.0 144.00
38 3,159 - 37.0 1,369.00
39 3,357 ~235.0 55,225.00
40 2,720 +402.0 161,604,00
41 3,011 +111.,0 12,321.00
42 3,128 - 6.0 36.00
z 68,685 1bs. : 990,135.00 1bs.

1 (M) = 8,68
M_(_l .6_22.8_5__ = 3'122.0 1bs

;‘1 I
STANDARD DEVIATION (5) = + | EC(F)T - o 4 | 990,145

n—-1 - 21

= + 217.14 1bs. (7.0%)
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TABLE 19,

STATISTICAL VARTATICN IN 20 DROPS USING
INSTRUMENTED DROP MASS AND MEP ON RIGID ANVIL

ACCELEROMETER READINGS

DROP NO. ACCELERATION, G  FORCE, F M-F (M-F)2
1 261 g's 2,913 1bs. - 7.4 lbs. 54.76 1bs.
2 258 2,879 +26.6 707.56
3 259 2,890 +15.6 243,36
4 259 2,890 +15.6 243.36
5 261 2,913 - 7.4 54.76
6 260 2,902 + 3.6 12.96
7 261 2,913 - 7.4 54.76
8 262 2,924 -18.4 318.56
9 260 2,902 + 3.6 12.96

10 261 2,913 - 7.4 54.76
11 262 2,924 -18.4 338.56
12 261 2,913 - 7.4 54.76
‘13 257 2,868 +37.6 1,413.76
14 261 2,913 - 7.4 54.76
15 261 2,913 - 7.4 54.76
16 261 2,913 - 7.4 54,76
17 259 2,890 +15.6 243.36
18 261 2,913 - 7.4 54.76
19 261 2,913 - 7.4 54.76
20 261 2,913 - 7.4 54,76
z 5,207 g's 58,112 1bs. 4,156.80 1bs.
MEAN (M) = 585312 = 2,905.6 1bs.
2 | 2 1
STANDARD DEVIATION = + J'i(.ffi:_F_)___ = + \[4156-80 1bs.
- n-1 - 19

=%£14.79 1bs ( +0.5%)
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5,1.2.1.1 Qutput: - (Continued)
We may now apply this ratio to the 1000 pound Irinell failure level
for individual blows.
| 1000 Pounds x 0.931 = 931 Pounds

or,
931 lbs = 83.1g
11.2 1b

It is thus concluded that when tested on the Z90 fixture, the head

acceleration equivalent to the Z89 Brinell pourds is 83g.

For purposes of test, impact evaluations may be conducted with an

80g head acceleration failure criterion.

At this point, it is well to note the differences in measurement

variation,
. Accelercmeter readings - standard deviaticn = 0.5%.
. Brinell penetration readings - standard deviation = 7.0%

The Brinell apparatus, even under closely controlled impact conditions

is seen to be a comparatively imprecise measuring device.

For any givén impact energy, helmet response will be different foy
the 289 and 290 fixtures due to differing impact velocities. To
demonstrate this, impacts were conducted on twelve helmets of high
density polyethylene shell/nmylon suspension type; six on the Z89

fixture and six on the Z90 fixture. The results are shown below:
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5¢1e2.1,1 Output: — (Continued)

S5.1.2,1.1

FIXTURE PEAK FORCE
289 152
2389 820
2389 1188
Z89 732
Z89 705
Z89 720

Average = 836

EQUIVALERT
- FIXTURE BRINELL FORCE
290 636
290 177
Z90 843
Z90 701
z90 742

290 757
Average = 743

The tendency of the samples tested to demonstrate suspension
mounting failure was apparent under both test conditions as is

shown in Photographs 5 and 6.

Regarding a tolerance limit of 80g, if the rigid body motion of
the head is shown to be the controlling factor for apex blows,
80g may be expected to be well within tolerance limits

[75, 76].

Input: Applied Impact Energy =

A, Falls to Different Levels. From studies of accident data, it

has mot been possible to derive required impact energy from the
fall to different level accident, Height of fall and conditions

of impact are random occurrences.

It is therefore necessary that the applied impact is such that
"esemaxinum possible protection is the desired goal" [77].

The state of the art must be assessed and the best available per-

formance must be used as an indicator of current helmet technology.
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5.1.2.1,1 Input: - {Continued)
Helmets designed for wvehicular or military applications,
while capable of high impact energy absorption are not suited

to industrial uses.

The guantities balancing protective features and human
factors must be analyzed [78] and only a helmet designed for
industrial sapplications is suited for state of the art assess-

ment. .

The only industrial helmets produced which provide a high

degree of lateral impact protection are those designed to

NZS$2264:1970,

Standard maximum protection industrial helmets, supplied

by Noel Daly, Ltd. of New Zealand were used for the analysis.

The impact test fixture used was the Z90 type with rigid flat
steel anvil, chosen to simulate a rigid floor surface. Head-
form acceleration output was analyzed by computer and values cf

Head Injury Criterion calculated.

The results, shown in Table 20, illustrate that the helmet

is capable of passing the Head Injury Criterlon tolerance limit
of 1000, Following the evaluation, the manufacturer stated
that with modification to the helmet, K consistent passing values

could be expected.
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TABLE 20.

IMPACT RESULTS OF MAXIMUM PROTECTION
NEW ZEALAND INDUSTRIAL HELMET, FLAT RIGID ANVIL

HEAD INJURY
DROP HEIGHT, (Inches) LOCATION CRITERION
75 Forehead 1295
75 Forehead 1261
75 Forehead 1168
72 Forehead 1118
75 left Side 974
75 Left Side 596
75 ’ Left Side 841
72 Left Side 974
75 Right Side 1095
75 Right Side 1059
15 Right Side 846
72 Right Side 1055
75 Rear 1230
75 Rear 1473
75 Rear 1277
72 Rear 1355

AVERAGE HIC = 1126
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5...2.1.1 Input: - (Continued)
It has therefore been concluded that an impact of 72 inches

onto a flat anvil is within the capability of current helmet

design.

B. Strueck By Falling Objects. The philosophy which was necessary

in arriving at the impact level for the fall to different level
hazard applies in general to falling objects striking the head.
We must look to the maximum attainable within the state of the

art.

However, it is desirable that at least equal if not greater im-
pacts be attenuated for top of head blows. For apex impacts,

head acceleration must be limited to 80g,

An additional consideration is the impacting surface. The flat
anvil is reasonable for approximation of the fall accident but

is not a rcalistic random falling object.

A hemispherically shaped anvil such as the type used in ANSI 230
(1.9" radius) has been selected, It should be noted that the

ANSTI Z89 drop ball is also of 1.9 inch racius.

Using these constrailnts, impacts were conclucted at varyving drop
heights on Z89 type helmets on the Z90 fixture impacting on thes

hemispherical anvil, the results of which are shown in Figure 23.
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5.1.2.1.1 Input: - (Continued)
For purposes of investigating the effect of a flat anvil drop,
tests were also conducted on Z89 helmets on the Z90 fixture

using a flat anvil, shown in Figure 24,

The post lmpact photographs of 9 helmets, three each from three
manufacturers, tested at a 75 inch drop height are shown in

Photographs 10, 11 and 12,

It was noted that flat anvil impacts on occasion caused erratic
suspension mounting fallures. For helmet model A in Figure 23,
no suspension mounting failures were seen until a height of 80

inches was reached, Photograph 13,

For helmet models B and C, suspension mounting failure as shown
in Photographs 14 and 15 was seen at the 40 inch drop level and

did not appear at the higher levels,

One particular helmet model, not depicted, showed repeated rivet
pull-out when impacted on the flat anvil and no apparent damage
when impacted on the hemispherical, all impacts being conducted at
the 40 inch drop. These facts further indicate theundesirability

of the flat anvil apex impact.

In summary, tests indicate that a 72 inch drop onto a hemispherical
anvil with an 80g head acceleration has not been demonstrated with

present helmets, however, at least one manufacturer feels that the

level is attainable, Until such time as prototype research deter-

mines that such a level 1s not within the zapabilities of current

technolagy, the above requirement must be retained.
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5.1.2.1.1 Input: - (Continued)

C.

Fall on same Level Impact, Unlike the Fall to Different Level

and Struck By Falling Object accident, the Fall on Same Level

aceident is somewhat more definable.

In the worst case, if one were to fall oser, pivoting on the
feet and the head struck the ground with no resistance to
motion, impact energy would equal the he:lght from the floor
to the Head times head weight, Such mot:lon 1s not common

rlace.

Falls to the left and right side will be "broken” by the
shoulders. 1In frontal falls the hands may be used for
protection . From a study of head brulses, contusions and
lacerations for the state of Wisconsin, we find that in the
fall on same level accident, impacts are four times more

likely to occur at the rear of the head than at the front.

The severity of the fall accident will also be heavily de-
pendent upon the rigidity of the impacting surface.

For example, when an instrumented drop mass (with MEP attached)
inpacts a flat steel anvil, 8.8 ft-1b potiential drop energy
will yfeld 200g acceleration, When a 1/4" steel plate is im-

pacted, 16.7 ft-1bs produces this same acceleration.

If we apply this 907 drop height differential to the 68 inch

tragion (ear) to floor height for the 95::h percentile male, we

are left with a 35.5 inch head drop.
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5,1.2,1.1 Input: - (Continued)

5.1.2.2

A 36 inch head drop for the light duty helmet, being one half
the 72 inch drop distance for the maximum duty, is considered
both necessary and sufficient to protect the head in this

application,

Penetration Resistance

The penetration resistance requirement is the comparative ability
of a helmet to resist the penetration of a pointed object. The
present requirement is that a 1 1b. plumb beb (35° included point
angle) be dropped a distance of 120 inches onto the apex of the
helmet, The striker must not penetrate the helmet more than .375

inch as measured along the side of the point.

The developers of the Brinell impression impact: fixture evaluated
this penetration requirement in 1949 [69] and concluded that it
was ",.,. adequate for determining the resistance of a protective
hat to sharp pointed cobjects." The samples stﬁdied, however, were

of the cotton canvas/phenolic resin and vuleanized fiber type.

Penetrations were conducted on three helmet mocels at low temper-
ature (14°F), ambient, and high temperature {(122°F) conditions on the
apex, forehead, left side, right side and rear using the. 35° point
striker dropped 120 inches, A headform, conforming to the dimensions
of that in the ANSI Z90.1 was rigidly mounted :mnd able to pivot to

allow penetrations, normal to the helmet surface, at all head locationms.

-1273 Vol. 1 Page 155



A

]
Davron TP EBROwN INC,
Aasam———

5.1.2.2 Penectration Resistance - (Continued)

Measurements were made of:

depth of penetration (along side of striker
reinserted into indentation)

. headform contact (electrical continulty device)
The results, shown in Table 21 indicate that:
(a) the ,375 depth requirement at this level of penetration,

is not a realistic value,

(b) penetrations at other head locations may yleld contact

of the striker with the head.

Tdentical helmets were then subjected to penetrations of the same

magnitude, but with the included angle of the point reduced to 30°.

The results, Table 22, show that both the penetration depths and

number of occurences of headform contact increzase.

Additional penetrations were then applied to the apex of these hel-
mets with the 30° striker weight increased to 2.2 1bs., at ambient
conditions, Table 23, The helmets are still seen to pass the .375

depth requirement,

Therefore, 2.2 times the applied penetration erergies of the once

considered sufficlent requirement finds present Z89 helmets operable.
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TABLE 21. PENETRATION TEST RESULTS,

Condition: Ambient

SAMPLE

79
82
91
79
82
91
79
82
921
79
82
91
79
82
91

Condition: High Temperature

SAMPLE

30
33
22
30
33
92
30
83
92
80
83
92
80
83
92

AREA

Apex
Apex
Apex
Front
Front
Front
Right Side
Right Side
Right Side
Rear
Rear
Rear
left Side
Left Side
Left Side

AREA

Apex

Apex

Apex

Front
Front
Front
Right Side
Right Side
Right Side
Rear

Rear

Rear

Left Side
Left Side
left Side

1 1b, STRIKER 35° POINT, ALL HEAD LOCATIONS

PENETRATION DEPTH,
INCHES, SIDE

0,069
0.092
0.104
0.092
0.115
0.127
0.115
0.081
0.092
0.081
0.127
0.104
0.081
0.092
0.092

PENETRATION DIPTH,

INCHES, SIDE

0.081
0.081
0.104
0.104
0.081
0.115
0.104
0.069
0.104
0.081
0.115
0.115
0.115
0.092
0.092
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HEADFORM CONTACT

No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
Neo

HEADFORM COJTACT

No
No
No
No
No
Ne
No
No
No
No
Yes
No
No
No
No
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TABLE 21. PENETRATICN TEST RESULTS,
1 1b. STRIKER 35° POINT, ALL HEAD LOCATIONS

Condition: Low Temperature

SAMPLE ARFA PENETRATION DEPTH, HEADYORM CONTACT

- ‘ INCHES, SIDE
81 Apex 0.081 No
84 Apex 0.069 No
93 Apex 0.104 Mo
81 Front 0.138 Yes
84 Front 0.092 No
93 Front 0.127 ‘ No
81 Right Side 0.104 No
84 Right Side 0.081 No
93 Right Side 0.092 No
1 Rear 0.092 No
84 Rear 0.092 No
93 Rear 0.115 No
81 Left Side 0,127 No .
84 left Side 0.092 No
93 . Left Side 0.081 No
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TABLE 22, PENETRATION TEST RESULTS,

/
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1 ¥b., STRIKER, 30° POINT, ALL HEAD LOCATIONS

Condition: Ambient

SAMPLE

85
88
94
85
88
94
‘85
88
94
85
88
94
85
88
94

Condition: High Temperature

SAMPLE

36
39
25
86
39
55
36
39
95
36
39
95
36
39
95

AREA

Apex

Apex

Apex

Front
Front
Front
Right Side
Right Side
Right Side
Rear

Rear

Rear

left Side
left Side
Left Side

ARFA

Apex

Apex

Apex

Front
Front
Front
Right Side
Right Side
Right Side
Rear

Rear

Rear

Left Side
Left Side
Left Side

PENETRATION DEPTH,
INCHES, SIDE

0.104
0.127
0.115
0.138
0.150
0.127
0.115
0.092
0.104
0.104
0.162
0.115
0.104
0.138
0.104

PENETRATION DEPTH,

INCHES, SIDE

0.104
0.092
0.115
0.173
0,115
0,138
0.138
0,127
0.115
0.138
0.138
0.150
0.150
0.150
0.115
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HEADFORM CONTACT

Nao
No
No
No
Yes
No
No
No
No
No
Yes
No
No
No
No

HEADFORM CONTACT

No
No
No
Yes
No
No
No
No
No
No
Yes
Yes
No
Yes
No
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TABLE 22, PENETRATION TEST RESULTS,
1 1b., STRIKER, 30° POINT, ALL HEAD LOC2ATIONS

Conditicon: Low Temperature

_§éygég> ARFEA PENETRA'TION DEPTH, HEADFORM CONTACT
| INGHES SIDE
87 Apex 0.092 No
90  Apex 0.127 No
96 Apex 0.104 No
87 Front 0.138 No
90 Front 0.138 No
96 Front 0..27 No
87 Right Side 0.115 No
50 Right Side 0.138 No
96 Right Side 0.104 Yo
&7 Rear 0.104 No
90 Rear 0.150 Yes
96 Rear 0.115 No
&7 left Side 0.104 No
90 Left Side 0.138 No
96 Left Side 0.104 No

TABLE 23. PENETFATION TEST RESULTS,
2,2 1b, STRIKER, 30° POINT, APEX LOCATION

SAMPLE ’ PENETRATION DEPTH,
INCHES, SIDE
80 0.156
81 0.133
82 0.133
83 0.121
84 0.104
85 0.156
86 0.139
87 0.133
88 0.133
89 0.115
90 0.133
91 0.127
92 0.133
93 0.127
94 0.121
95 0.121

96 0.115
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Penetration Resistance ~ (Continued)

It is thus concluded that in order to parallel the impact magnitudes,
the following penetration requirements must be applied using a 2.2 1b,,
30° angle striker.

(1) Falls to Different Levels - 3 meter drop (118.1 inches)
and objects striking the head

(2) Falls on Same Levels - 1.25 meter drop (47 inches)

Insulation Resistance

Insulation resistance of industrial and firefighter's headgear, as
previously shown, is necessary and the existing evaluation criterion
(9ma maximum leakage at 20,000 volts) and method, Photograph 9, is
seen to have virtually eliminated electrocution deaths by contact of

the head with electric current when used.

The random occurrence of electrical contact aceident requires all in-

dustrial and firefighter's headgear to exhibit these qualities.

Tests have shown that preconditioning of helmets (24 hours water bath)

significantly decreases the insulation abilities of the helmets.

1t has also been found that for Z89 Class B helmets, impact testing
prior to insulation resistsnce measurement does not place an undue

burden on the helmet, as seen from the following data:
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5.1.2.3 Insulation Resistance - {(Centinued)

LEAKAGE
SAMPLE MODEL IMPACTED (at 20,000 V. Ime)
116 ' A Yes 5.5
117 l A No : 5.0
118 B Yes ¢ 3.5
119 B No 3.5
120 c Yes 6.5
121 c No 6.5
122 D Yes 6.5
123 D No 6.0
126 C Yes 3.5
132 D Yes 6.0
135 c Yes 6.0
136 C Yes 6.0
140 A Yes ’ 5.0
151 A Yes : 4,5
150 B Yes : 3.0

5.1.2.4 Flammability

The existing 3 inches/minute burn rate reguirements for industrial
headgear is considered sufficient for industrial headgear. Fire-
fighter's headgear must exhlbit self-extinguisting characteristics
when tested for flammability. Most thermoplastic and fiberglass

helmet materials self-extinguish when subjectec to test.
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Retention Ability

The chin strap of a helmet must be of sufficient strength to retain

“‘the helmet during impact. The chin strap must:

. exhibit load bearing ability
. have limited deformation under load

. be easily fastened and unfastened

The NZ282264:1970 requirement of 100 1b. load and maximum elongation
of 1 inch is considered adequate for Maximum Duty and firefighter's

applications.

Where a helmet ic subjected to lesser hazards, a chin strap load of

25 1b, and 1" elongation is sufficient.

Weight

Welght is an important human comfort factor which, although somewhat
self-limiting by market wants, must be maintained within reasonable

limits.

From consideraticn of expected design configurations and human weight
tolerances, the following values of maximum weight are recommended for

the various. classes of headgear:

. CLASS 1 - 18 ounces
. CLASS 2 -~ 16 ounces
. CLASS 3 -~ 12 ounces
. CLASS 4 - 30 ounces
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5.1.2.6 WEIGHT - {(Continued)

. Some other helmet factors which will influence wearer comfort but

for which no human comfort factors data are avgilable are:

(a)

(b)

center of mass — Most present industrial helmets (Z89)
offering only apex impact protection tend to be top
heavy. Table 24, lists the center of mass locations for
various types of helmets tested. The test method used
was that used for aviator helmet evaluatlion [7%2]. The

nomenclature is shown in Figure 25,

It is apparent that as the protective area comes down

from the apex so does helmet C.M.

In the extreme case, for the total ccverage (face, chin,
head) vehicular (Z90) helmet, C.M. is lowest but, as can

be seen weight is greatest,

moment of inertia - The ease with which the head may be
rotated on the vertical axis will be dependent upon helme:
mass moment of inertia. This quantity, though measurable
has also not been studied for industrial helmet comfort
consideration, Illustrative examples for various types of

helmets are shown in Table 25,

The lack of human tolerance information in these areas precludes

development of viable criteria.
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TABLE 24, CENTER OF MASS TEST PESULTS

HELMET TYPL

Z89 Cap (aluminum)

Z89 Cap (fiberglass)

289 Cap (plastic)

7289 Hat (fiberglass)

Z89 Hat (fiberglass)
NZ82264:1970 (Max. Duty)
290 (partial coverage)
¥290 (full head coverage)

7290 (total face coverage)

WEIGHT
—1b -

0.79
0.78
0.84
0.90
0.94
0.96
2.21
2.27

3.63

79.0
75.0
78.0
80.0
71.0
66.0

§1.0
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3.48

- 3.52

3.72
3.75
3.72
2.99
3.34
2.31

1.86
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FIGURE 25, CENTER OF MASS LOCATIONS
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TABLE 25, MOMENT OF INERTIA TEST RESULTS,
HEAD VERTICAL AXIS

WEIGHT MOMENT OF INERTIA,
HELMET TYPE _1b. slug-ft
Z89 Cap (aluminum) 0,79 0.00331
Z89 Cap (fiberglass) 0.78 0.00246
Z89 Cap (plastic) 0.84 0.00246
Z89 Hat (fiberglass) .90 0.00246
Z89 Hat (fiberglass) 0.94 0.00331
"NZ52264:1970 (Max, Duty) 0,96 0.00331
290 (partial coverage) 2.21 0.00779
Z90 (full head coverage) 2.27 0,0077%

Z90 (total face coverage) 3.63 0.01508
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5.1.2.7 Environmental Exposure

A,

Moisture -~ To insure wearability in wet weather and to limit
the use of materials which tend to absorb moisture and are thus
not easily cleanable, exposure te a water bath for a period of

24 hours must not increase helmet weight by more than 57.

Temperature - The normally used helmet test temperature range
of 14°F to 122°F, 1s considered sufficient to demonstrate helmet
performance extremes as shown in Figure 26 for industrial head-

gear,

In addition, the manufacturer must design the helmet to withstand

160°F storage temperatures.

High temperature conditioning for fire helmets must be in the order

of 300°F for shock duration exposure,

Initial evaluation of available fire helmets, Photograph 8, were
conducted by conditioning each at a temperature of 350°F for 5
minutes. The following was noted:
(a) fiberglass helmet — shell showed no signs of damage from
the exposure, medium density polyethylene parts of sus-

pension melted,

(b) thermeoplastic shell - shell and medium density polyethylene

parts of suspension zelted.

(¢) leather shell - shell softened, no visible damage to

cloth cap suspension,
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Environmental Exposure -~ (Continued)

Additional helmets were then subjected to 350°F for 2 minutes.
then impacted, The results combined with test data for samples
tested at 14°F and ambient temperatures are shown in Figure 27,

These indicate that exposure was below critical.

For test evaluation an exposure of 300°F for three minutes to

allow stabilization is considered adequate.

Test Requirements. A description of the development of test methods,

procedures and equipment used for the evaluation of industrial and

firefighter's headgear is as follows:

Samples for testing, the helmets must:
. be in a condition as offered for sale.
. have all attachments necessary to meet the minimum
performance requirements installed at the time of test.
In order, to minimize testing time as small a number of samples as
possible should be used for evaluation. In addition, a measure of
the durability of the helmet will be accomplished by subjeeting one

helmet to many tests,

The samples used for testing should comprise a set and a failure of
any one helmet should require retest of an additional set. This
minimizes the possibility of a helmet model prone to cumulative per-

formance degradation being resubmitted for one test only.

Conditioning

Limitations on cumulative cenditiening time must be expressly stated,
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5.2.3 Impact Testing

Some of the more common helmet impact test methods available to the

testing agency are:

. instrumented headform/rigid anvil

. drop mass/swing away headform

. drop mass/instrumented rigid headform
. drop mass/Brinell Penetrator Assembly

The performance criteria requires that the test method:
. accurately measure head acceleration ~ time impact histcry

. be capable of testing over the entlie upper head area

The instrumented headform/rigid anvil apparatus, as specified in

ANSI Z90.1 and FMVSS No., 218, shown in Photograph 4, has been selected.

Headforms used should be of the standard sizes shown in Figure 6.

Headform response and material is presently under considerable study.

Hodgson, et al [28] has reported considerable differences between
cadaver head and metal headform response. As seen in Figure 28, the
differences are accentuated with the use of resilient protective padding
as opposed to the non-resilient material where response differences are

essentially constant.

As a result, Hodgson has developed a human hezd model expressly designed

for use in impact testing of protective helmets [80].
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5.2.3

[

Impact Testing - (Continued)

The model conusilsts of:
(a) a rigid urethane foam skull, Photograph 16
(b) a silicone rubber gel brain

{(¢) a silicone rubber outer skin

The entire model, as shown in Photograph 17, is mounted on a drop
assémbly for impact onto the rigid anvil. A triaxial accelerometer

is mounted at the headform center of gravity.

A test program was initiated to investigate impact response differences
between the metal headform system used at Dayten T. Brown, Inc. and tha

head model apparatus at Wayne State University.

The results of impacts on a MEP, are éhown in Figure 29, It {s seen
that the response differences on this elastomeric material follows the

pattern of the cadaver/metal headform compariscnm.

Figure 30 shows the results of impacts on expanded peoclystyrene foam
and ethafoam materials samples (Figure 11)., Below are shown the results
of impacts with industrial (Z89) helmets. The eratic nature of these

results is attributed to individual sample performance and limited data,

In Photograph 18, the helmet test configuration is shown.
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Impact Testing ~ (Continued)
PEAK g HEAD INJURY CRITFRION

‘ METAL HEAD METAL HEALD
HELMET HEADFORM HMODEL HEADIFORM MODEL
Thermoplastic 54 59 124 144
Fiberglass 73 65% 196 177*%
Aluminum 65 55% 175 128%

*Average of two readings

This information is sufficient to conclude that though the meral head-
form and cadaver or head model responses are not proportional for
different energy absorbing systems, a conservative injury

estimate from the metal headform may be expected.

The viability of the head model for compliance testing is hindefed by:

. limited availability

. non standard dimensions

. frangibility of headform (MEP drop were limited to 20"

maximum to avoid head model damage)

The standard magnesium headforms as specified in FMVSS No. 218 are thus
consldered sufficient for testing of industrial helmets. Other important
system considerations are: |

. a uniaxial accelerometer, mounted at the headform center of

gravity of the headform must have its sensitive axis aliguned
with the point of impaect, Figure 31, for accurate acceleration

measurement
. anvils must be of standardized dimension, hardness and firish
. anvil must be backed up by sufficient mass to insure ripidity

. gulde wires for drop assembly must be of a type which will
minimize velocity losses
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Impact Testing -~ (Continued)

For purposes of peak g and Head Injury Criterion analysis, the
instrumentation system as shown in Figure 32 was used. The Z90.1
instrumentation was retained to enable the technician to examine
the osclllograph acceleration-time curve for poscible equipment

malfunction.
The equipment used was as follows:

. Piezoelectric Accelerometer — Kistler 808A

. Charge Amplifier - Kistler 503

. Power Amplifiecr - Kistler S67A

. Oscillograph — C.E.C, 5-124A

. Galvanometer — C.E.C. 7-326

. Power Amplifier - Kistler 567A

. Variable Filter - Kron Hite 3202R

. DC Power Supply ~ Hewlett Packard 6207E

. Digital Computer - Digital Equipment Corp. PDP 8/L
. Instrument Amplifier - Dynamics 75143

. Photocell ~ Power Instruments Corp. C-836

This equipment, previocusly reported on for use in motorcycle helmet
testing [81], was developed to meet the requirements of the proposed

federal motorcycle helmet specification [82].
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5.2.3 Impact Testing ~ (Continued)

Some basic attributes of the system are:

(a)

(b)

(c)

(2)

For computational accuracy, a 5 kHz saméling rate is used,
the Digital Equipment Corporation PDP 8/L computer acquires
data dircctly. Software was written to synchronize the
sampling of the analog to digital converter with the real
time clock of the computer, A/D conver:er readings were
deposited sequentially into a buffer area of 1000 core

locations for later processing.

Amplifiers were used to match the levels of the Figure 32
instrumentation. A variable filter was used to limit the
frequency response of the system. A photocell was located
several inches above the rigid'anvil which provides a signal

initiating sampling by the computer every 200 microseconds.

To expedite testing, the sampled acceleration pulse was
punched out on paper tape together with identifying infor-

mation for later processing.

Priorlto impact, the computer system was calibrated by iﬁ-
serting a signal equilvalent to 500g acceleration into the
system. This signal was used in converting A/D converter
readings into equivalent accelerations. This is a precaution

against any long term drift of the system components.

-1273 Vol I Page 181



Lo e
DAavyronNn T HRrowN sve.
L

5.2.3 Impact Testing — (Continued)

(e)

(£

(g)

As a check, peak acceleration, time duration at 150 and
200g were relayved to the technician via teletype for

visual comparison with the oscillograph record,

The frequency response of the system was tallored by
introduction of a low pass fillter so that the data
channel exhibited the characteristics of Class 1000
channel, Figure 33, as defined in SAE J21lla for head im-
pact acceleratlon evaluation [83]. A frequency respcnse
characteristic such as Class 500 would tend to produce

lower acceleration wvalues.

As a precaution against A/D converter time to conversion
error a sample and hold module within the A/D converter
was used., This unit samples the input at the start of

conversion and holds that woltage until completion,

The PDP &/L Computer had the following peripheral equipment:

an analog multiplexer consisting of an AMO8 multiplexer
control and an AMO2A high level multiplexer

an ADO8A 10 bit analog to digital converter with AHO3
input amplifier and AHO2? sample and hold module

a KW8L~F 10 kHz programmable interval real time clock

A PC8L high speed paper punch tape reader and punch

In addition, a great deal of the computer software required to perform

the data acquisition was especilally written,
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Impact: Testing - (Continued)

Head Injury Criterion Cemputation:

Computation of the Ilead Injury Criterion was perfbrmed by the use of
the trapezoidal rule approximation to obtain the required averages. A

simplified flow chart of the reduction program iz shown in Figure 34,

Starting at the first sample, the program computes the Head Injury
Criterion Expression for all possible end points and saves the maximum
value. It then does the same for the second sample and all succeeding
samples. The maximum value of all these computations is then reported

as the largest Head Injury Criterion for that sarple.
OQutput of the computer, Figure 35 congists of: (in g)

(1) acceleration values (in g) for each 200 microsecond sample

(2) the maximum Head Injury'Criterion value for each start and
end point greater than 100

{3) a restatement of the largest Head Injury Criterion value

(4) a plot of acceleration vs time with the interval yielding
the largest Head Injury Criterion value shaded.

The data for Figure35 was obtained from the impact of a New Zealand
Maximum Duty industrial helmet dropped a distance of 72 inches onto

a flat anvil.

For purposes of production-lot testing, the Head Injury Criterion
calculation may be expected to place an over burden on the manufac-

turer, Under these circumstances, a simplified ewvailuation is beneficial.
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Impact Testing - (Continued)

Figure 36 shows a plot of the ratio of Head Injury Criterion to Gadd
Séverity Index for 91 impacts conducted on material samples,

Z89 industrial helmets and New Zealand industrial helmets. A least
squares fit of the data shows that for these Hulses the two indices

are related as follows:

Head Injury Criterion = 0,836 Gadd Severity Index
In addition, is shown the line:

llead Injury Criterion = 0.879 Gadd Severity Index

which was determined from a least squares fit of 514 motorcycle helmet

impacts.
As none of these data show the Gadd Severity Index exceeding the line:
Head Injury Criterion = Gadd Severity Index

It is considered adequate that for production testing the Gadd Severity
Index be substituted for the Head Injury Criterion. For qualification

purposes, however, the Head Injury Criterion [s necessary.

The Gadd Severity Index may be computed manually for acceleration time
data, as shown in Table 26, wvhich follows the general format of SAE J885a

[84] for Severity Index calculation.
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RATIO OF HEAD INJURY CRITERION TO GADD SEVERITY INDI
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TABLE 26,

DAavyron T 2rown TN,

ORITTREE
iy

Gadd Severity Index Manual Calculation of Sample Pulse in Figure 35

Incremental

Time of Increment Midpoint SI INDEX
Increment No. (Sec.) (2) 32'5 (Time X g2:5 )
1 .0006 .5 - -
2 .0006 2.1 6 -
3 .0006 7.2 139 -
4 .0006 21.4 2119 1.3
5 .0006 43.4 12409 7.5
& .0006 79.37 56123 33.7
7 .0006 108.2 121777 72.1
& .0006 121.2 161717 97.0
g .0006 147.6 264675 158.8
10 .0006 170.6 380143 228.1
11 .0006 168.8 370195 222.1
12 .0006 146.3 258887 155.3
13 .0006 107.1 118705 71.2
14 .0006 70.7 42029 25.2
15 .0006 48,9 16721 10.0
16 .0006 35.2 3751 2.3
17 .0006 25.1 3156 1.9
18 .0006 14.6 814 .5
19 .0006 5.8 81 -
20 .0006 1.3 1.9 -—
GADD SEVERITY INDEX: ;51 1088
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5.2.3 Impact Testing = (Continued)

Procedure:

The procedural requirements of the impact test must address the

following:
. equipment warmup
. system accuracy
. system components specifications
. system verilfication procedures
. impact velocity verification
. mounting of samples
. standard drop heights
. acceleration reference calibration
. sanple breakage
5.2.4 Penetration Testing

The basic system components for penetration testirng include

(a) penetration striker - having an included angle of 30°, a
minimum cone height of 1.5 inches, Figure 37, The striker
tip must be of specified hardness and be electrically con-
ductive

(b) penetration headform must be metallic with an electrically
conductive surface

(c) contact sensor with sufficient detection ability. The system

used at Dayton T. Brown, Inc. incorporates a Mallory and Co.
Sonalert SC628 continuity checker, Figure 38,
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Flectrical Insulation Test

The test method and procedure used in ANSIZ89,2-1971 is considered
sufficient for testing purposes, however, voltmeter and milliammeter

accuracy should be specified.
Test equipment used at Dayton T. Brown, Inc. consisted of: (Photograph )

. Bipotronics 730-2 High Voltage AC Power Supply
. Belden 60,000 Volt Wire

. Glass Tank

Flammability Test

ASTM D635 — "Flammability of Self Supporting Plastilcs" is considered

adequate for the flammability test, except that only three samples

need be cut from the outer shell of the helmet. The self extinguishing
characteristics of firefighters' helmets may be evaluated using the sane
method, however, a maximum burn rate of 0.5 inches/minute should be specified

as opposed to the 3 inches/minute for industrial use helmets.

Retention Test

The test of the retaining strength of a helmet chin strap may be con-
ducted as shown in Photograph 19, Figura 39 shows the basic dimensions

necessary for a standard mechanical chin structure.

A procedure for assuring the helmet has "seated"” prior to elongation

measurements must be stated.
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5.3 Recormendations to the User

As with any personal protective device, a helmet ran only be bene-

ficial if it is worn and used correctly.

It is with this in mind that recommendations to the user should

comprise:
. a method of selection
. proper use
. recommended maintenance
5.3.1 Salection

Helmets must be able to be selected with a minimun of difficulty.

This requires that:

(a) hazards applicable to a specific class of headgear be
easily identifiable

(b) the number of distinct classes should be kept as low
as possible to avoid confusion

(¢) identification of various classes of helmets must be
as simple and as readily apparent as possible. A large
arabic numeral appearing on the forehead of the helmest
would best suit this need. In addition, the class of the
helmet, appearing on the underside of the peak or brim

allows the worker, unaccustomed to the c¢lass designations,
to ideatify the helmet.

The user should be cautioned that:

. his specific application may require a specialized helmet

. his helmet will not protect from all accidents
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Use of the Helmet

Following selection, the user must correctly adjust the headgear
to his head. Thus, when sold, the helmet must be accompanied by
an instruction shect from the manufacturer which will provide a

procedure for these adjustments.

The instruction sheet must also tell the user where and how he may

apply his personal identification to the helmet.

The user should be cautioned, by means of a durable label affixed
to the inside of the helmet, that a severe blow to the helmet may

result in permanent damage to it.
In the user's standard, the user must be cautioned that:
(a) the helmet must be secured to the head o offer best

protection

(b) the helmwet materials may be adversely affected by un-
common chemical exposure or environmental conditions

(c) the helmet's ability to protect will be degraded by
alteration

(d) the helmet's performance may be degraded by application
of decals or paint, unless otherwise stated by the manu-
facturer

(e) the helmet's electrical insulation charicteristics are

net intended to make it suitable for use as an electrical
insulator
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5.3.3 Maintenance of the Helmet

The ability of the helmet to withstand the constant use of the
wearer will be heavily dependent on design, construction, and
materials. For this reason, in the instruction sheet, the manu-
facturer must provide the user with a method of visually examining

the helmet for damage and wear.

The helmet factors which must, however, require inmediate action on

the part of the user are:

. shell breakage or fracture
. shell disfiguration, warpage or softenirg
. suspension or chin strap breakage or fraying

If it is deemed necessary to replace defective parts of the helmet,
to aid the user in identifying the manufacturer and model designation,
this information must eppear on the umderside of the peak or brim of

the helnret,

The manufacturer must supply the user with a recommended method of
cleaning and disinfecting the helmet. The type of recommended cleaning
agent must be readily accessible by appearing on the underside of the

peak or brim.

As helmet deterioration will be a function of age and use abuse, unless
specified by the manufacturer, the user must decice when to replace a
helmet which exhibits no apparent signs of damage. To assist him in this

decisiony the month and year of manufacturer should appear on the under-

side of the peak or brim.
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Maintenance of the Helmet - (Continued)

The user should be cautioned as to abuse of the helmet and when
continual electrical hazards exist in the working environment,

the user should be informed that periodic testing may be necessary.

As a final precaution, the user should be made aware that a helmet

found to be unsultable for further use should be rendered incapable

of being worn.
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SUMMARY

his report represents the results of a project to develop a per-
formance standard, a testing standard and a user's standard for

indusﬁrial and firefighter's head protective devices.

Volume 1 of this report summarizes the needs of industrial head
protection and the criteria used to develop the recommended stan-

dards. 1In Volume II are presented the recommended standards.

In this study it has been found that adequate iIndustrial and
firefighter head protection necessitates the use of four distinct
Jevels of protection and the use of these protective devices must

be determined by the occupational hazard.

Currently available head protective devices have been found to offer

impact protection to a limited area of the head and are not well suited

to the broad range of accldent types found in the industrial environment.

A human head injury iIndex, the Head Injury Criterion, has been ap-

plied as an impact performance evaluation technique and the test

methods, equipment and procedures necessary for accurate measurement

have been developed.

Whenever possible, the analysis of the needs of the industrial and

firefighter's protective headgear, have considered comfort factors

and wearability as paramount considerations.

These efforts are considered to have greatly improved the head pro-

tection afforded the industrial worker and the firefighter.
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7.0 RECOMMENDATLIONS

For the purposes contemplated by this development, the recommended
standafds, Volume II, are sufficient for the implenentation of a
testing and certification system for an improved level of industrial
and firefighter's head protection., The following are recommended

for the continuing improvement of our knowledge of the needs of the
worker, head protective devices made available to him, and the methods

by which the performance of these devices are measured.

1. The accident reporting system used in the United States should
be modified to enable more in-depth study of the industrial
and firefighting accident. Such a system must strive for uni-
formity in reporting and should provide sufficient resolution
to be effective in analyzing the effectiveness of head protec—

tive devices,

2. Additional study of the industrial head injurv aceident should
be conducted by means of field investigation, This is considered
particularly lmportant for the firefighting environment where ac-

cident reporting systems vary with the Individual fire department.

3. Efforts must be continued in the search for accurate head impact
tolerance values., The factors of degree of head injury, head
rotational injuries and human tolerance to top of head impact

deserve considerable attention.

-1273 Vol I Page 200



4

Davrow T EBrRrOWN INC.
L L »

7.0 RECOMMENDATIONS — (Continued)

4, Investigations to deflne industrial helmet comfort factors
especially in the areas of welght, center of mass, and moment

of inertia should be conducted.

5. Additional study should be made of the interaction of in-
dustrial head protection with eye, face, ear and respiratory
equipment. Such would facilitate the development of a one-

plece firefighter's protective suit,

-

6. Additional study is necessary for the development of a test
headferm with human-like response, which is suitable for use

in certification testing.

7. The performance of head protective devices must be continually

monitored to determine advances in state of tae art technology.

8. Additional study of industrial head protection of specialized

industries should be conducted,
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VOLUME II

RECOMMENDED STANDARDS FOR INDUSTRIAL
ARD FIREFIGHTER'S HEAD PROTECTIVE DEVICES
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1.0

1.1

PERFORMANCE STANDARD FOR INDUSTRIAL AND FIREFIGHTER'S HEAD
PROTECTIVE DEVICES

Scope and Purpose. This performance standard lists the attributes

and levels of performance for all classes of industrial and fire-
fighter's head protective devices. This standard is designed to be
suitable for use as a basis of an industrial and firefighter's head

protective device testing and certification program.

Definitions

Industrial Protective Headgear -~ A device designed to prevent or reduce

head injury resulting from industrial accidents.

Shell -~ The outermost part of a protective headgear, less energy

absorption devices, accessories and mountings.

Peak - An integral part of the shell of the headgear extending for-

ward over the eyes only.

Brim —- An integral part of the shell of the headgear extending

around the entire circumference of the headgear.

Protective Paddinp - A material designed to attenuate the force

of an impact.

Suspension - A complete assembly that positions and maintains the

headgear on the head.

Headband - That part of the suspension which encircles the head.
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Definitions = (Continued)

Crown Straps - That part of the suspension which passes over

" the head.

Chin Strap — An adjustable strap, fitting under the chin to

secure the helmet to the head,

Bitragion - Inion arc = An arc extending through the upper edges

of the ear hole and over the small bump often found at the

rearmost part of the head.

Nape Strap ~ An adjustable strap which is located at approximately

the Bitragion = Inion arc, used to aid in helmet retentiocn.

Sweatband ~ That part of the headband, either integral or attach-

ed to, which comes in contact with the wearer's forechead.

Basic Plane — The basic plane is a plane through the centers of
the right and left external ear openings and the2 lower edge of
the eye sockets as modeled on a reference headform or test head-

form,

Reference Headform — A reference headform is a measuring device

corresponding to the dimensions of a standard headform in all

areas above the basic plane,

Test Headform - A test headform is a test device corresponding

to the dimensions of a standard headform in all areas above the

basic plane.
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1.2

Definitions - (Continued)

Standard Headform - A standard headform is one corresponding to

the dimensiong as set forth in Paragraph 2.6.2.1.1.

Réference Plane - A plane, as shown in Figures 3 through 5

above and parallel to the basic plane, and which shall be located

on each headform.

Mid-sagittal Plane - The mid-sagittal plane is an anterior -

posterior plane passing through the wvertex of the headform, per-
pendicular to the basic plzne which peometrically bisects the head-

form.

Helmet Positioning Index - The helmet positioning index is the

distance in inches from the basic plane of a standard headform
to the lowest point at the front of the headgear along the mid-

sagittal plane.

Apex - The apex of a headgear is a point on the upper sagittal
plane, equidistant from the anterior and poste:rior portions of the

reference plane,
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1.2

Definitions - (Continued)

Apex Area - The apex area is the area described by all points

~on the upper surface of the headgear within thz arc distance

of 1.5 inches (3.8 cm) from the apex.

Head Injury Criterion - The Head Injury Criterion requires

that the resultant acceleration at the center of gravity of
the head during an impact shall be such that when the average
acceleration (expressed in g's) during any time interval is
raised to the 2.5 power and multiplied by the length of the
interval in seconds, the product shall not exceed 1000,

{The Head Injury Criterion is that as defined by Federal

Motor Vehicle Safety Standard Number 208%).

*CFR Title 49, Part 571; S208 -~ Pre?3, Docket No. 69-7; Notice 19

-1273 Vol. II Page 4



1'3

1.4

1.4.1

1"{‘.1-1

l."+.1.2

-t

4.1.3

1.4.1.4

1.4.1.5

Classes of Protection. Industrial and firefigiter's head pro-

tective dévices shall be categeorized in the following classes:

. CLASS 1 - Maximum Duty Industrial Protective Headgear
CLASS 2 - Medium Duty Industrial Protectiye Headgear
CLASS 3 - Light Duty Industrial Protective lHeadgear
CLASS 4 =~ Firefighter's Protective Headgear

General Requirements

Materials

Shell materials shall be durable and shall withstand any
temperature in the ranges as stated in Section 1.5.8 of this

standard,

Shell materials shall not be significantly affected by ultra-

violet radiation.

All materials coming in contact with the head ghall not be of
a type which may cause skin irritation or disescse and shall be

unaffected by perspiration, body oils or normal hair preparations.

All edges of the headgear shall be smoothed anc radiused and there
shall be no rigid internal projections which mzy cause injury to

the wearer in the event of an impact.

Any materials used in the fabrication of industrial and firefighter's
protective headgear shall be resistant to ordinary household soap

and water, mild detergents sndcleaners recommended by the manufacturer.
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1.4.2 Protective lieadrear Assembly

1.4.2.1 All industrial and firefighter's protective headgear shall consist
essentially of: (a) a hard, smooth outer shell, (b) an internal
méans of attenuating the force of an impact which may consist of
protective padding, & suspension, or both, and (c¢) & retention
system, capable of retaining the headgear in position on the head,
Provision shall be made for ventilation between the suspension and

the shell,

1.4.2.2 Extent of Protection. Industrial and firefighter's headpear shall

meet the physical performance requirements of this standard in all
areas of the head above the reference plane as modeled on a standard

headform.

At all times, a minimum of 120° peripheral vision to each side of

the mid-sagittal plane must be maintained.

The ability of the headgear to meet the minimun requirements of this

standard shall not be a function of wearer adjustment.

1.4.2,3 Shell. The shell of the protective headgear shall have a smooth
external surface with no reinforcing ridges or rigid external pro-
jections greater than 3/16 inch (5 mm) in height in the area above
the reference plane. The shell shall have no holes or alr gaps and shail

be of nominally uniform thickness in the area ubove the reference plane.
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1,4.2,4

1.4,2.5

Peaks. Each headgear shall have a peak, a minimum of 1 inch
(2.5¢m) and a maximum of 2 inches (S5em) in width and shall cover
the eves by extending a minimum of 2 inches {5cm) to each side of

the mid-sagittal plane.

Brims. If it is found desirable to incorporat: a full brim around
the circumference of the headgear for the purpose of deflecting

water, such brims shall cover the eyes by meeting the minimum di-

mentions of the peak in the front part of the head. Brims on

CLASS 1, CLASS 2 and CLASS 3 headgear shall be no greater than
2 inches (5ecm) in width., Brims of CLASS 4 headgear shall be a minimum

of 1.5 in. (3.8cm) in width to deflect water ir firefighting activities.

NOTE: 1Industrial and firefighter's headgear incorporating
integral eye and face protection or those designed to
be used in conjunction with a one-piece protective
suit shall not be required to meet the requirements

of Paragraphs 1.4.2.4 and 1.4.2.5.

Force Attenuating Medium. Impact force attenuation may be accom-

plished by the use of protective padding materials or by means of

a suspension. Protective padding shall be moisture and perspiration
resistant, exposed areas shall be easily cleanable and if cements are
used to secure the padding material to the shell, such cement shall be
resistant to expected envircnmental exposures. A suspension used for

the purpose of impact force attenuation should have straps at least
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1.4.2.6

1.4.2.7

1.4.2.8

Force Attenuating Medium -~ (Continued)

3/4 inch (L.%cm) in width snd should have an area of not less than 12
square inches (77cm2) in centact with a standard test headform. The

guspension shall be securely attached to the shell.

Headband (If provided). That part of the headband In contact with the
wearer's head shall be a minimum of 1 inch (2.5 cn) in width. Headbands
shall be adjustable in 1/8 size increments (See Table 1). The size
range and adjustment shall be marked on the headband in a permanently
legible mammer. At maximum headband adjustment., ventilation

clearance shall be retained around the headband.

Sweatbands (If provided). Sweatbands shall cover at least the forehead
part of the head by extending a minimum of 2 irches to either side o»f the
mid-sagittal plane and ghall be either removable or integral with

the headband.

Retention System, The retention system shall consist of a chin stra>,

a nape strap may also be provided. Chin straps shall be a minimum
of 3/4 inch (1.9cm) in width, and shall be adjustable, Nape straps
shall extend around the occipital region of the head at approxi-
mately the location of the Bitragion - Inion arc., The nape strap
shall be adjustable to the head size range provided by the headgear

and shall be a minimum of 3/4 inch (1.9 em) in width.
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HEADBAND SIZE

RECOMMENDED NOMINAL HEADGEAR SIZES

6

1/2
5/8
3/4
7/8

1/8
1/4
3/8
1/2
5/8
3/4
7/8
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CIRCUMFERENTTAL
MEASUREMENT
(Inches) (em)
20 1/2 52.1
20 7/3 53.0
21 1/4% 54.0
21 5/3 55.0
22 55.9
22 3/3 56.8
22 3/4 57.8
23 1/3 58.7
23 172 59.7
23 7/8 60.6
24 1/4 61.6
24 5/8 62.6
25 63.5



1.4,2,10 Accessories. Any optional devices fitted to the headgear shall not
create a hazard to the wearer nor shall they cecrease the protection

afforded by the headgear.

1.4.2.11 Identification Markings. DLEach headgear conforming to the require-

ments of this standard shall have the followirg identification

markings:

{(a) A seal on the outer surface of the shell designating the
class of headgear. This ildentification marking shall be
permanently molded as part of the headgear shell and for
CLASS 1, CLASS 2, CLASS 3, and CLASS 4 shall be of the
types shown in Figures 1(a), 1(b), 1(c) and 1(d), respec-

tively.

{b)} On the underside of the peak or brim, in the front of the
headgear, in‘letters at least 3/32 inch (2,5 mm) high, the
following information shail be permanently molded, stamped,
branded, engraved or etched inteo the headgear shell:
class of headgear (example: ''Class 2 - Medium Duty"),
Manufacturer's Name, Model Designation, Month and Year of
Manufacture (example: "June 74" or "6/74"), and recommended

cleaning agent ("clean with , ., .").

NOTE: On Class 4 headgear not required to have peaks or brims, this
information shall appear on the shell, either externally or

internally, unobstructed from view.
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*——E-i fee—SHELIL THICKNESS

TR a8
- i R
" 58 [ ﬁ‘} —te ~SHELL THICKNESS PLUS 1/16 MINIMUM
.

{(a) CLASS 1.- MAXIMUM DUTY HEADGEAR

O A/m/_.,:fxi
,;St

(b} CLASS 2.- MEDIUM DUTY HEADGEAR

(d) CLASS 4.- FIREFIGHTERS HEADGEAR

FIGURE 1. IDENTIFICATION MARKINGS
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1.4.2.12 Warning Label. Permanently affixed on the insi.de of the headgear

shall be a durable label coataining the following warning in letters
at least 1/16 inch (1.6 mm) high:
"This helmet must be properly adjusted and secured

to the head in order to provide protectium,

If this helmet has been struck a severe hlow return
the helmet to the manufacturer for competent Inspection

or destroy and replace the helmet."

1.4.2,13 Instructions. When scld, each headgear shall be supplied with

instructions which shall:
(a) Provide a procedure (which may include diagrams) explaining
to the user, the proper method of fitting and adjusting the

headgear to the head.

(b) Provide direction for visually examining the headgear to
determine the necessity of replacement and/or repair of the

entire headgear or parts thereof in order to maintain minimum

performance levels,

(c) Provide direction for cleaning, disinfecting, maintaining
and replacing parts of the headgear. Thoue parts of the

headgear which require replacement for proper maintenance
shall be able to be replaced without the use of special

hand tools or power tools.
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1.4,2,13 Instructions -~ {(Continued)

1.5

1.5.1

1.5.1.1

(d)} Provide direction to the user for placing his personal

identification on the headgear in a permanent manner.
(é) State the name and address of the manufac:urer.

These instructions shall be attached to the heiadgear at the time of
sale and in such a manner such as not to cause damage to the head-

gear when removed by the user.

Performance Requirements.

Industrial and firefighter's head protective devices shall meet

the following physical performance requirements,

Impact Attenuation. When mounted on a test headform/drep arm

assembly and dropped in a puided fall from a predetermined height
on to a rigid steel anvil, the accelération - fiime history of the
impact, measured at the headfofm center of gravity shall be within
the impact attenuation requirements of the various classes of head-

gear as follows:

CLASS 1 - Maximum Duty Headpgear, When mounted on an impact test

apparatus and dropped from a height of 72 inches (183cm):

(a) On to a hemispherically shaped anvil in the apex area,

the headform acceleration shall not exceec 80g.

(b) On to a flat anvil impacting at any point above the

reference plane, the Head Injury Criterion shall not be

exceeded.
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1.5.1.2

1.5.1.3

1.5.1.4

CLASS 2 ~ Medium Duty Headpear. When mounted on an impact test

apparatus and dropped from a height of:

(a) 72 inches (183c¢m) on to a herispherically shaped anvil
impacting at the apex area, the acceleration at the center

of pravity of the test headform shall not exceed 80g.

(b) 36 inches (91.4cm) on to a flat anvil impacting at any
point above the reference plane, the Heac¢ Injury Criterion

shall not be exceeded.

CLASS 3 ~ Light Duty Headgear. When mounted on an impact test

apparatus and dropped on to a flat anvil from a height of 36
inches (921.4cm) impacting at any point above the refercnce plane,

the Head Injury Criterion shall not be exceeded.

CLASS 4 - Firefighter's Headpgear. When mounted on an impact test

apparatus and dropped from a height of:

(a) 72 inches (183cm) on to a hemispherically shaped anvil
impacting at the apex area, the scceleration at the center

of gravity of the test headform shall not exceed 80g.

(b) 36 inches (91.4cm) on to a flat anvil impacting at any point

above the reference plane, the Head Injury Criterion shall

not be exceeded.
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1.5.2

1.5.2.1

1.5.2.2

1.5.2.3

1.5.2.4

Penetration Resistance. When wounted on a riglid test headform

and struck by a penstration striker weighing 2.2 pounds (1 kg),
having a point with an included angle of 60° and a tip radius of
.019 inch and dropped in a guided fall on to the outer surface of
the test headgear, the depth of penetration aé measured along the
side of the striker tip shall not exceed 3/8 inch (9.5mm) and the
striker shall not contact the surface of the test headform during
penetration., The penetration striker drop heights for the various

classes of headpear shall bte as follows:

CLASS 1 - Maximum Duty Headgear, The striker shall be dropped fron

a height of 118.1 inches (3m) on to any point above the reference

plane,

CLASS 2 - Medium Duty Headrear. The striker shall be dropped from

a height of 118.1 inches (3m) on to the apex areca of the headgear
and from a height of 47 inches (1.25m) on to any point above

the reference plane.

CLASS 3 - Lipht Duty Headgear. The striker shall be dropped from

a height of 47 inches (1.2°m) on to any point above the reference

plane of the headgear.

CLASS 4 - Firefighter's Headgear. The striker shall be dropped

from a height of 118.1 inches (3m) on to the apex area of the
headgear and from a height of 47 inches (1.25m) on to any point

above the test reference plane,
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1.5.3

ll5I4

1.5.5

1,5.6

1.5.7

Electrical Test, UWhen tested for dielectric strength all in-

dustrial and firefighter's headgear shall withstand 30,000 volts
(root mean square), AC, 60 Hertz, and when 20,000 volts is applied

for three minutes the leakage shall not exceed 9 milliamperes.

Flarmability, When tested for flammability in accordance with

ASTM 635, no portion of the shell of CLASS 1, CLASS 2 and CLASS 3
headgear shall burn at a rate greater than 3 inches per minutes
(7.6cm/min.). CLASS 4 headgear shells shall self-extinguish when

tested for flammability,

Water Absorption. UWhen industrial and firefighter's headgear

are preconditioned in a water bath for a perind of 24 hours, the

headgear shall not absorb more than S5 percent water by weight.

Petention Test., When a force is applied to the fastencd chin

‘strap by means of a mechanical chin structure for a period of

one minute, the chin strap deflection shall net exceed 1 inch
(2.5 cm). The force applied to CLASS 1 and CLASS 4 chin straps
shall be 100 pounds (45 Kg) and the force applied to CLASS 2 and

CLASS 3 chin straps shall he 25 pounds (11 Kg).

Weipght., The maximum weight of industrial and firefighter's head-

gear shall be:

CLASS 1 - 18 ounces (510gm)
CLASS 2 -~ 16 ounces (450pm)
CLASS 3 - 12 ounces (340gm)
CLASS & -~ 30 ounces (850gm)
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1.5.8 Environmental Exposures. CLASS 1, CLASS 2 and CLASS 3 headgear

shall withstand an environment consisting of a temperature range

. from 14°F (~10°F) to 160°F (63°C) and water immersion at 77°F
(25°C). No portion of the headgear shall become leoosened or dis-
lodged nor shall the headgear performance be degraded as a result
of this exposure, CLASS 4 headgear shall withstand an environment
of a temperature range from 14°F (~10°C) to 300°F (150°C) and water
immersion at 77°F (25°C), No portion of the headgear shall become
loosened or dislodged nor shall the headgear performance be degraded

as a result of this exposure.
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2.0 TESTING STANDARD FOR INDUSTRIAL AND FIREFIGHTER'S HEAD PROTECTIVE
DEVICES

2.1 " Scope and Purpose: This standard describes thz test methods,

procedures and equipment for the testing of industrial and fire-

fighter's head protective devices,

2.2 Sampl es
2;2.1 Condition and Attachments. For all testing, protective headgear

shall be taken in the cendition as offered for sale, and shall be
accompanied by all attachments (other than eye, ear, respiratory, -
winter liners or other protective devices) nornmally sold with the
protective headgear. All attachments necessary for compliance with
the minimum levels of performance shall be installed on the helmet

during testing.

2.,2.2 Numher of Samples., Four samples are required Jor testing., Fach

test sample, following preliminary preparation and exposure to rc-
spective environmental conditioning as deseribed in Paragraph 2.5

shall be subjected to all tests and wvisual observation set forth herein,

These four sampies shall be mechanically ident:cal and shall comprise

a test sample set. Faillure of any one headgeal of the set to conform

to the minimum performance requirements set forth herein shall con-

stitute a failure of the test sample set to comply with this standard.
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2.3 Referenca Marking

2.3.1 Headband circumference and other adjustable suspension components
" of the test headgear shall be adjusted using manufacturer's ad-
justing procedures and complete test headgear shall be placed on

a reference headforn.

2.3.2 The sample headgear shall be placed on a firmly seated reference
headform having its basic and reference planes horizontal. The
reference headform of the largest size specified in Paragraph 2.6.2.1
whose circumference at the reference plane is not greater than the
internal circumference of the headband when ad;justed to its 1arges£

setting.

2.3.3 The headgear shall be centered laterally and positioned vertically in

accordance with the manufacturer's positioning index,

2.3.4 A line on the outer surface of the headgear shzll be drawn 1 inch
(2.5cm) above and parallel to the reference pl;ne of the test head-
form. The line shali hereinafter be called the test line. The
surface of the headgear shall not be scratched or otherwise damaged

as a result of this marking.

2.4 Order of Testing

All headgear shall be identified, marked, conditioned and tested
according to the schedule shown in Table 2. Tests to be conducted

in ascending numerical order for each sample.
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TABLE 2

ORDER OF TESTING

SAMPLE DESIGNATIGON

A B C D
LOW HIGH WATER
AMBIENT TEMPERATURE TEM3IERATURE THMMERSED
TEST CONDITION CONDITION CONDITION CONDITION
Visual Examination 1 1 1 1
and Weight
Water N/R N/R N/R 2
Absorption
Impact 2 2 2 3
Dielectric N/R N/R N/R 4
Penetration 3 3 3 5
Retention 4 4 ) 4 6
Flammability 5 5 5 N/R

NOTE: N/R = No test required for the sample.
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2,5 Conditioning of Test Samples

2.5.1 . Samples,

2.5.1,1 Sample A - Ambient Condition. Sample A shall »e conditioned in

the following environment:

- Temperature: 70 -~ 85°F (22-30°C)
-~ Relative Humidity: 30 - 70 percent

for a period of not less than 12 hours prior to testing.

2.5.1.2 Sample B -~ Low Temperature Condition. Sample B8 shall be conditioned

in a tenperature environment of 14°F (-10°C) + 3.6°F (2°C) for a
periocd of not less than 12 hours nor more than 24 hours prior to

testing,

2.5.1.3 High Temperature Condition.

2.,5.1.3.1 Sample C (CLASS 1, CLASS 2, CLASS 3) - HIGH TEMPERATURE CONDITION,

Sample C of CLASS 1, CLASS 2 and CLASS 3 headgear shall be conditicned

in a temperature environment of 122°F (50°C) + 3.6°F (2°C) for a

period of not less than 12 hours nor more than 24 hours prior to

testing.

2.5.1.3,2 Sample C (CLASS 4) - HIGH TEMPERATURE CONDITIONY. Sample C of CLASS 4

headgear shall be conditioned in a temperature environment of 300°F
(150°C) + 9°F (5°C) for a period of not less than 3 minutes nor

more than 4 minutes prior to being tested.
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2.5.2

2.5.2.1

2.5.2.2

Sample C — WATER IMMERSED CONDITION, Sample C shall be completely

submerged in a tank of sufficlent capacity filled with tap water

held at a temperature of 77°F (25°C) + 9°F (5°C) for a period of

not less than 24 hours nor more than 36 hours.

Time of Conditioning. Prior to testing, the sample headgear shall

have remained at the specified environmental conditions for the

minimum periods as apecified in Paragraph 2.5..,

CLASS 1, CLASS 2 and CLASS 3 leadgear.

Testing shall beglin immediately after removal {'rom the conditioning
environment. During testing, the maximum time during which the
headgear may be out of the conditioening envirorment shall not exceed
three minutes. It must then be returned to the conditioning environ-
ment. for a minimum of 15 mianutes before being apain withdrawn.

This process must be continued unfil all of the tests on the head-

gear have been completed,

Cumulative conditioning time for any one sample shall not exceed the
values as specified in Paragyaphs 2.5.1.1, 2.5.1.2, 2.5.1.3.1 and

2.5.1.4.

CLASS & Heédgear. Prior to testing, Samples A, B and D of CLASS 4

headgear shall be conditioned in accordance with Paragraph 2.5.2.1.
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2.5.2.2  CLASS 4 leadgear - (Continued)

Sample C shall be conditioned at 300°F (150°C) as specifiecd
in Paragraph 2.5.1.3.2 for a period of not less than 3 minutes

nor more than 4 minutes prier to testing.

Testing shall begin immediately after removal from the conditioning
environment, The maximum time during which the headgear mzy be out
of the conditioning environment shall not excead 30 seconds. Fol-
lowing testing, the sample headgear shall be stored at ambient
conditions (Paragraph 2.5.1.1) until such time as conditioring
prior to the next test commences. This process must be continuved

until all of the tests on the Sample C headgear have been completed.

2,5.3 Conditions of Test. Ambient environmental conditions, as specified

in Paragraph 2.5.1.1, shall prevail throughout the period cf testirg.
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2‘6

2,6.1

2,6,1,1

2,6,1,2

Impact Attenuation Tests

Requirements, Impact attenuation shall be measured by determining

imparted acceleration to an appropriately instrumented standard
headform (see Paragraph 2.6.2.1) dropped in a puided fall vertical
within 0.5 inch per 15 feet (1l3mm per 460cm) from a predetermined

height upon a fixed rigid anvil base.

CLASS 1 - Maximum Duty Headgear. When mounted on an impact test

apparatus and dropped from a height of 72 inchas (183cm):

(a) On to a hemispherically shaped anvil impa:ting at the

apex area, the headform acceleration shall not exceed 80g.

(b) On to a flat anvil impacting at any point above the test
line, the computed value of the Head Injury Criterion

shall neot be exceeded,

CLASS 2 - Medium Duty Headgear, When mounted on an impact test

apparatus and dropped from a helght of:

(a) 72 inches (183cm) on to a hemispherically shaped anvil
impacting at the apex area, the accelerat:ion at the

center of gravity of test headform shall not exceed 80g.

(b) 36 inches (91.4 cm) on to a flat anvil impacting at any
point above the test line, the computed wvilue of the

Head Injury Criterion shall not be exceedoed.
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2.6.1.3 CLASE 3 - Light Duty Headpear. UWhen mounted on an impact test

apparatus and dropped from a height of 36 inches {(91.4cm) on to
a flat anvil impacting at any point above the test line, the
computed value of the Head Injury Criterion shall not be ex-

cecded.

2.6.1.4 CLASS 4 - Firefighter's leadgear. When mounted on an impact

test apparatus and dropped from a height of:

(a) 72 inches (183cm) on to a hemispherically shaped
anvil impacting at the apex area, the acceleration
at the center of gravity of the test headform shall

not exceed 80g.

(b) 36 inches (91l.4cm) on to a flat anvil impacting at
any point above the test line, the computed wvalue

of the Head Injury Criterion shall not be exceeded.
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2.6.2

2.6.2.1

2.6.2.1.1

2.6.2.1.2

2.6.2.1.3

2.6.2.1.4

Impact Tect Apparatus. Test apparatus for impact attenuation

should consist of those components as shown in Figure 2 and as

described below.

Headform,

Dimensions. Standard headforms as shown in Fizures 3 - 5 shall

be used in all tests.

Headform Center of Gravity. The center of gravity of the headform

including the drop carriage shall lie within a cone with axis vertical
and forming a 10 degree included angle with the apex of the angle at

the point of impact.

Headform Weight. The combined weight of the drop carriage and

instrumented headform shall be as follows:

Headform :

Size Wedght
I 8.9 + 0.2-0 pounds (5 + 0.091-Okg)
11 11.0 + 0.2-0 pounds (5 + 0.091-0kg)
ITT 13.4 4+ 0.2-0 poundls (5 + 0.091-Okg)

The headform supporting assembly shall weigh not more than 20 percent

of the total drop assembly weight.

Headform Material, Test headforms for impact testing are to be

constructed of magnesium alloy (K -1A) and shall exhibit no resonant

frequencies below 3,000 Hz.

-1273 Vol. II Page 26



A-ﬂ— SECURED TO OVERHEAD

b‘,/—-GUIDE WIRE le— | IFT CABLE

RELEASE

DROP CARRIAGE

ACCELEROMETFR

CENTER OF GRAVITY

ANVIL BASE

r11 A\

\—BACKUP OF ANVIL

FIGURE 2, IMPACT TEST FIXTURE
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HEADFORM I (DIMENSIONS IN INCHES, +.030")

Contour At Centerline
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2,6,2,2

2.6.2.3

2,6,2,4

2.6.2.5

Anvils. The flat steel anvil shall have a 5 inch (127nm)
ninimum diameter and the hemispherical steel envil shall have a

1.9 inch {(48mm) radius.

Anvils shall be made of stainless steel (AISI 303) and have a sur-—

face roughness not in excess of 63 y in., RMS.

Back up of Anvil

The steel anvil shall be backed up with a concrete or steel mass
of at least 300 pounds which shall be faced with a steel plate of
1 inch (2.5cm) mininum thickness and 1 .2 (0.1m2) minimum surface

area.

Guide Wires. Suitable guide wires shall be used such as to mininize
velocity loss due to friction and wear (bright steel music wire of

approximately 0.10" diameter has been found to perform well).

Acceleration Measurement. Test headform acceleration shall be measured

by means of a unlaxial piezoelectric accelerometer, appropriate signal
conditioning equipment and an acceleration - time recording systemn.
The acceleration data channsl, including all instrumentation from

and including the acceleromater up te and including any analysis and
recording procedures that may alter the frequency content of the da:a,
shall comply with SAE Recommended Practice J21la requirements for

channel Class 1000,
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2,6.2,5.1 Accuracy. The instrumentation system used to ineasure acceleration

shall have an inaccuracy of less than + 7%, RM3, including reading

error. Readings shall not be corrected for system accuracy.

2.6.2,5.2 Acceleration Measurement System Components, The following items

shall comprise the acceleration measurement system:

{a) Accelerometer. The accelerometer shall be mounted at the center

of gravity of the test headform and supporting assembly with

the sensitive axis aligned to within 5° of true vertical when

the headform is in the fmpact position. "The accelerowmeter

shall have the following specificatioms:

Range (Minimum -
Resolution -
Minimum Frequency Response (+57%) -
Minimum Resonant Frequency (Mounted) -
Linearity : -
Transverse Sensitivity (MAX) -
Maximum Temperature Sensitivity -
Temperature Range (MIN) -

2000 g

0.01 g
2-7000 H=z
20 kliz

0.5%

5%

0.017/°F

0 to +250°F

(b) Charge Amplifier., The charge amplifier, with test signal

capability, shall have the following specilfications:

Range, Full Scale -
Sensitivity -

Low Frequency Response in Hz for -
3 4B Down

Equivalent Noise -

Frequency Response (Flat within +5%) -
Accuracy, Test Signal -
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2,6.3

2.6‘.301

(c)

(d)

Pover Amplifier (If Required). The power amplifier, if required,

shall have the following specifications;

Frequency Response (%1%) - DC to 40 Bz
Harmonic Nistortion (MAX Output) - 0.2%
Liniarity Deviation - 0.3%

Recording System. The acceleration-time history shall be

permanently recorded by one of the following means:

- oscillograph
- oscilloscope
- A/D converter.

The selection shall be made in order to allow a minimum
sampling rate of 5 kHz (200 microseconds) while keeping

within the accurracy limits as specified in Paragraph

256.2-501.

Impact Test Procedure

Equipment Warm~Up -~ All equipment shall be turned on and allowed

to warm up for at least 30 minutes, or until equilibrium 1s reached,

vhichever time is greater, prior to testing.
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2.6,3.2 System Check, Prior to and following the impact testing of head-

gear a ceries of three pretest and three post test system check
drops shall be conducted by dropping the headform/cross arm from

a height of 48 inches (122Zcm) on to an MEP* pad. For each system check
impact, the headform shall be positioned such that the apex of the
headform strikes the center of the MEP. The acceleration - time
history of each drop shall be recorded., Prior to the recorded
pretest and post test system check drops, a series of three unre-
corded drops will be made ocn to the MEP. Thercfore, there shall be
a total of 6 pretest drops, the last three of which shall be re-—
corded and 6 post test drops, the last three of which shall be re-
corded. The time between gll system check drops shall be two

minutes. These data shall be evaluated as in Paragraph 2.6.3.9.

The MEP shall be securely zttacied to the anvil base to assure that
it does not shift position prior to or during impact. The vertical

centerlines of the accelerometer and the MEP shall be coincident.

2.6.3.3 Impact Velocity. When a check is made of the headform/drop arm

assembly impact velocity at the specified impact test drop heights,
a three drop average impact velocity shall not deviate by more than
7% of the theoretical impact velocities of 13.Y feet per second from

36 inchesand 19.66 feet per second from 72 inches.

*1" Open Blue Modular Elastomer Programmer, MT$ Systems, Inc., or
equivalent,
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2.6.3.4 JMounting of Samples. Prior to each test fix the headgear on the

test headform in accordance with Paragraphs 2.3.1, 2.3.2, and 2.3.3.
Secure the helmet so it does not shift position prior to impact during
testing. The chin strap of the hecadpear or adhesive tape nay

be used for this purpose. Chin strap or tape forces used tec secure
the headgear to the headform shall not distort the shape of the

headgear.

2.,6.3.5 Height of Drop. The drop height shall be as measured from the

uppermost part of the anvil to the impact site on the headgear.
Suitable measuring rods of 36 inches (91l.4cm) and 72 inches (183cm)
(+0.1 inch; + 2.5mm) may be used for this purpose. The vertical |
centerline of the accelerometer shall be coincident with the

vertical centerline of the anvil prior to impact.

2,6.3.6 Calibration Signal. Prior to cach impact, no less than twe short
duration (approximately onc second) calibratioa sisnals of 300¢g
magnitude shall be insertecd into the system input (accelercmeter

output), and shall be recorded as a reference for data analysis.

2.6.3.7 Testing., Each headgear shall be dropped from the heights as

stated in Paragraph 2.6.1.

Fach headgear shall be impacted at 5 locations above the test line.
These shall include one impact in the apex area and four impacts

at sites above the test line but not in the apax area. Impact sites
shall be separated by a distance of not less than 1/5 the cuter cir-

cumference of the headgear at the test line.
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2.6.3.8 Record. The acceleration-time histories of each ifmpact shzll be recorded.

2.6.3.9 Systems Check. If the average of the three pre~test peak accel-

efation values differs from the averzge of the three post-test
peak acceleration values by more than 1GZ, the impacts conducted
on the headgear shall be invalid. Additional impact test samples
required due to invalidated data may be submitted for impact tests

after being exposed to the appropriate environnental conditions,

2,6.3,10 Breakage. 1If as a result cf impact testing th: sample headgear
is rendered incapable of withstanding further testing, the head-
gear shall be considered as failing the impact test and such a

failure shall be reported.
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2.6.4 Impact Test Data

2,6,4,1 Maximum Acceleration. TFor impacts to the apex of CLASS 1, CLASS 2

and CLASS 4 headgear, the peak acceleration shall not exceed 80g as

determined from the reference calibration signal.

2.6.4.2 Yead Injury Criterion. Impacts above the reference of CLASS 1,

CLASS 2, CLASS 3 and CLASS 4 headgear shall be evaluated by deter~

mining the average acceleration during any time interval of the im-
pact, raising this average acceleration to the 2.5 power and multi-
plying it by the length of the interval In seconds, which may be

expressed mathematically as:

{2 2.5
Jr adt
t1 (t2 - t1)

t2 -1

Where a 1s the headfourm acceleration, as determined from the re-
ference calibration signal, expressed as a multiple of g (acceleration
due to gravity) and t1 and 2 are any two points in time during the
impact. Acceleration data points used for the solution to the abova
formula shall be selected a maximum of every 2C0 microseconds during
the pulse. Computed values of the above formula in excess of 1000

shall be cause for failure.
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2,7

2.7.1

2.7.1.1

2.7,1.2

2,7.1.3

2.7.1.4

Penetration Resistance Test

Requirements. The penetration test shall be conducted by dropping

a test striker on to a test headgear, the striker being dropped
in a guided fall with its axis aligned vertically and in a direc-~

tion perpendicular to the outer surface of the headgear.

CLASS 1 - Maximum Duty Headgear. The striker shall be dropped from

a height of 118.1 inches (3m) on to any point above the  test

line.

CLASS 2 ~ Maedium Duty Headgear. The striker shall be dropped from

a height of 118,1 inches (3m) on to the apex srea of the headgear

and from a height of 47 inches (1.25m) on to any point zbove the

test line.

CLASS 3 = Light Duty Headpear. The striker shall be dropped from

a height of 47 inches (1.25m) on te any point above the test

lide of the headgear.

CLASS 4 - Firefiphter's Headgear. The striker shall be dropped from

2 height of 118.1 inches (3m) on to the apex :zrea of the headgear
and from a height of 47 inches (1.25m) on to eny point above the

test line.
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2,7.2 Penetration Apparatus

2.7.2.1 Penetraticn Striker - The weight of the penetrition test striker

shall be 2.2 pounds, 40,1, -0 pound (ikg, +15, Opgm), The point

of the striker shall have an included angle of 30 degrees 4.5 degrees
and a cone height of not less than 1.5 inches 73%mm). The havdness
of a striking tip shall be a minimum of 60 Rockwell (Scale C).

The striker tip shall have a radius of .019 Inch (lmm) and shall

be electrically conductive.

2.7.2.2 Penctration Test Headform. Headforms used for penetration are to

conform to standard headform dimensions (Figures 4-5) and may be
made of aluminum or magnesium, Prior to penetration testingz, the
headform shall be smooth. The surface of the test headform shall
be electrically conductive, The headform shall be backed u» with

a concrete or steel mass of not less than 100 rounds.

2.7.2.3 Contact Sensor - The system shall be able to detect contact be~

tween the headform and striker of at least one millisecond duration.

2.7.3 Penetration Test Procedure

2.7.3.1 Mourting of Samples - Prior to each test, fix the helmet on the test

headform so that the test line is positioned in accordance with
Paragraph 2.3.2. Secure the helmet so that it does not shift pesition

prior to penetration.
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207.3'?-

2.7. 4

2.8.2

Testing. Each headgear shall ba penetration tasted in three
locations above the test line. These shall include one
penctration in the apex area and two penetrations at sites
above the test line but not in the apex area. The penetration
dfop heights for the various classes of headgear shall be as

stated in Paragraph 2.7.1.

Penctration Test Data. Evidence of contact between the striker

and the headform shall be reported. If contac: has not occurred,
the penetration striker shall then be manually replaced into the
penetration site and with approximately two pounds pressure applied
to the striker, the depth along the side of the striker tip, in-

cluding the thickness of the shell, shall be measured.

Electrical Test

Requirements. When tested for electrical insulation, the beadgear

shall withstand 30,000 volts (RMS), AC, 60 Hz and when 20,000 volts is

applied for three minutes the leakage shall not exceed 9 milliamperes.,

Electrical Test Apparatus

{a) Vessel - A vessel, containing fresh tap water, of sufficient
gize to submerge an inverted helmet shell to within 1/2 inch

of the test line.
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2,8,2 Electrical Test Apparatus - (Coatinued)

(b} Frame. A frame for suspending the test specimen in the

wvater,

(c¢) Power Supply. A source of 60-Mertz alteraating current

of 30,000 volts (Root Mean Square).

(d) VWiring. Wiring and terminals for applica:ion of voltage

across the crown of the tesat specimen.

(e) Voltmeter. A voltmeter having a range of 0 - 30,000 volts

(2% Full Scale Accuracy).

(f) Millianmeter. A milliammeter having a range of 0 - 75 ma

(2% Full Scale Accuracy).

2.8.3 Electrical Test Procedure.

2.8.3.1 Preparation of Samples. Where it is evident that the sample

helmets have a protective coating over the basic material, the
exterior surface of the shell shall be abraded until the basic

material is exposed using a No. 60 grit garnet paper.

2.8.3.2 Mounting of Samples, The inside of the helmet shell (without

suspension or accessories), after having been submerged in fresh
tap water for 24 hours and then surface dried, shall be filled with
fresh tap water to within 1/2 inch of the junction of the brim with
the crown, or whatever level is required to prevent flashover at
the voltage tested. The shell shall then be submerged in the same
tyﬁe of water to the same level as the water on the inside of the
shell. The voltmeter and milliammeter shall be attached to the

circuit.
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2.8;3-3

2.9

2.9.1

2'9'2

2.9.2.1

2.9.2.2

2.3.3

2!“903.1

Procedure. The voltage shall be increased to 30,000 volts a
the rate of 1000 volts per seccnd. The voltage shall then be

decreased to 20,000 volts at a rate of 1000 wclts per second

- and shall be maintained at this level for 3 minutes. Leakagpe

current shall be recorded.

Water Absorption Test

Vater Absorption Requirements. After conditioning in water for

a period of 24 hours, the tcst headgear shall not have absorbed

more than 5% water by weight.

Apparatus

Water Immersion Tank., A water immersion tank as specified in

Paragraph 2.5.1.4 shall he used,

Measurement. A suitable scale having an accuracy of +2gm shall

be used to weigh the conditioned and unconditioned headgear.
Procedure

Preparation of Samples. Where it is evident that the sample helmets

have a protective coating over the basic material, the exterior sur-
face of the shell shall be abraded wmtil the bxsic material is

exposed using No. 60 grit garnet paper.
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2.9.3.2

2.3.3.3

2.9.4

2.10

2.10.1

2,10,2

2.,10.3

Conditioning. Prior to conditioning, the sample headgear shall

be weighed.

" The headgear shall be submerged in the water tank for a period

of 24 hours. After removal, the hecadgear shall be freely sus-
pended in the normal wearing position and allowed to drip dry

for a maximum period of one hour,.

Weighing., Immediately following the drying procedure, the head-

gear shall be weighed.

Water Absorption Test Data. The percentage Increase in weight

during immersion shall be calculated to the nezrest 0.05 per-

cent. as follows:

Increase in weight, percent = (wet weight - corditioned weipht) x 100
conditioned weight

A percent increase greater than 5% shall be cause for failure,

Flammability Test

Requirements. When tested in accordance with ASTM D635-1369, the shzlls

of CLASS 1, 2 and 3 headgear shall burm at a re¢te not preater than
three inches per minute and shells or CLASS 4 headgear shall be self-

extinguishing, when specified burn rate is 0.5 inches per mlnute.

Procedure. The procedure as set forth in ASTM D635-1969 shall be

followed except that three samples shall be cut from the shell.

Data. The burning rate or evidence of self-extinguishment shall

be reported for each sample.
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2,11

2.11.1

2.,11,1.1

2.11.1.2

2.11.2

Retention System Test. Uhen a force Is applied to the fastened

chin strap by means of a mechanical chin struc:ure for a period

of one minute, the chin strap deflection shall not exceed 1 inch
(2.5 em). The force applied to CLASS 1 and CLASS 4 chin straps

shall be 100 pounds (45 kg) and the force applied to CLASS 2

and CLASS 3 chin straps shall be 25 pounds {11 kg).

Retention Test Apparatus

Headform. A rigid headform conforming to the hasic test headform

dimensions shall be used.

Mechanical Chin Structure. The mechanical chin structure shall

consist of two metal rollers 1/? inch (12.5mm) in diameter and

cenfers 3 inches (75mm) apart.

Retention Test Procedure. The headgear is mounted on the test

headform and the chin strap is passed through :he rollers and
secured. An initial force of 10 pounds (4.5kg) for CLASS 1 and
CLASS 4 and 5 pounds (2.25 kg) for CLASS 2 and CLASS 3 is applied
to the chin strap and the distance between the apex of the head-
gear and the rollers is measured. The force is then gradually
increased to 100 pounds (45 kg) for CLASS 1 and CLASS 4 and 25
pounds for CLASS 2 and CLASS 3 and held steady for 1 minute after

which a second neasurement is recorded.

F—  3+0.04 in j\/
. oY Y0.540.004 in
. -

e
AN Z

CHIN STRAP
Figure 6. Mechanieal

Chin Structure

APPLIED LOAD
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2,11.3  Retention Test Data. The distances fron the apex of the hecadgear

to the rollers at initial load and at maximum load are reccrded
and thelr difference is reported as the chin strap eclongation.

Elongations in excess of 1 inch (2.5cm} are cause for fallure.

2,12 Equipment Calibration. At the time of test, all test equipment

must have been calibrated with standards tracesble to the Hational

Bureau of Standards. (In accordance with ASTM ) 2865-71)
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3.0 USER'S STANDARD FOR INDUSTRIAL AND
FIREFIGHTER'S HEAD PROTECTIVE DEVICES
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3.1 Scope and Purpose: This standard is designed to describe how

industrial head protective devices are to be properly selected,

“used znd maintained.

3.2 Selection of Industrial and Fircfighter's Protective Headpear

3.2.1 Applications

3.2.1.1 Classes: Industrial headgear governed by this standard are of the

following classes:

CLASS 1 - Maximum Duty Industrial Head Protective
Devices.

CLASS 2 - Medium Duty Industrial Head Protectiva
Devices

CLASS 3 - Light Duty Industrial Head Protective
Devices

CLASS 4 - Firefighter's Head Protective Devices

3.2.1,2 Occuypational Hazards - The hazards in the working environment deter-

mine the type of head protective which should be worn in order to

protect from possible accidental head injury.

Selection - The following chart should serve as a guide in the
selection of the proper head protective device to meet the needs

of the worker. The workplace should be surveyei and where hazards
are known to exist, the worker shall be issued *the appropriate class

of headpear.
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TABLE 3 - SELECTION OF HEADGFAR

HAZARDS APPLICABLY CLASSES
Worker falls to different level 1
Worker falls on same level : 1, 2,3
Worker struck by falling objects 1, 2
Worker struck by flying objects of 1
large mass
Worker struck by flving obiects of 1, 2, 3
small mass
Worker struck by moving objects of 1
large mass
Worker struck by moving objects of 1, 2, 3
small mass
Worker striking immovable objects 1, 2,3

Worker engaged in firefighting activitizs 4

3.2,1.2 Occupational Hazards -~ (Contilnued)

Headgear which meet the requirements of these classes may be identified by

the circled numeral appearing on the forehead of the teadgear. These are:

(D —CcLASS 1 - Maximum Duty Headpear
(@ —cLASS 2 - Medium Duty Headgear
(3) —cLASS 3 - Light Duty Headgear
(:)ﬂ-CLASS 4 - Firefighter's Headgear.
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3.2.1.2

3.2.1.3

3.2.1.4

3.2.1.5

Occupational Hazards - {(Ccntinued) Laxron I BROwWN 1N

2

The class of headgear may also be determined by inepection of the

underside of the peak or brim where the following information exists:

. class of headgear
. manufacturer's name
. model designation
. date manufactured

. recommended cleaning agent

Cautions on Selection

A competent safety inspectoer should be consulted prior to selection.

The headgear covered by this standard are intended for general
industrial use. Applications requiring unique or specialized
protection should be discussed with the head protective device

manufacturer.

Electrical Protcetion. All headgear governed by this

standard are made of high voltage electrically insulating materials

and are suitable for limited protection from electrical shock.

Limitation of Protection. The method of selection of industrial
and firefighter's protective headgear shall not be construed to
mean that the specified class of headgear will protect the wearer
from any and all head injury as a result of an acclident of the
type described, The performance requirements whieh have been
described from the hazard classifications are intended to reflect
optimiged circumstances and have been limited by comfort factors

and current protective helmet technology.
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3.3.1

3.3.2

3.5.3
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Use of Industrial and Firefishter's Protective Headpear

Industrial protective headgear are safety devices which must be

properly adjusted and cared for in order to functlon as intended.

Cautions on lUse

Ne headgear can protect from all foreseeable acecidents. In order
for the headgear to be effective, 1t must be securely fastened to

tha head,

Protective headgear are so constructed that the energy of a severe
blow is absorbed through partial destruction of the headsear. Though
the damage may not be visible to the eye, 1f it hias been struck |
severely, return the headgear to the manufacturer for competent in-

spection or destroy and replace it,

The mat:erials in the headgear may be adversely afected by certain
chemicals or environmental conditions. The manufacturer should be
consulted if severe chemical or environmental exposures are antici-~

pated.

Fitting and Adjusting: Industrial headgear should be adjusted by

following the manufacturer's instructions accompanying each headgear

at the time of purchase.

Chin Strap: The headgear is supplied with a chin strap for
securing the helmet to the head., In order for the headgear to function,
it must be securely in place at the time of an accident. This is

particularly important when a considerable risk o:’ falls is present.
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3.3.4 Comfort: Tndustrial protective headpear are designed by the

manufacturer for maximum wearer comfort. At no time should the
wearer attempt to alter the structure of the headpear to improve
comfort., If, in service, the headgear is found to be uncomfortable,
the manufacturer should be consulted for replacement or modification

of the headgear.

These récommendations apply to such practices as: drilling hcles

in the shell to increase ventilation which may result in structurally
weakening the headgear and reducing electrical and hot liquid splash
protection, or removing suspension straps which wmay cause conmplete

or partial loss of impact protection, At no time should protuberances

be flattened to reduce discomfort.

The industrial headgear is a compact unit of inter-relating protective
components and is almost devoid of features which lend only cosmetic

appeal. As such, 1t should be treated as a prote-tive system, Alter-
ation of any one component may greatly reduce the protection afforded

by the headgear as a whole,

3.3.5 Personal Tdentification: The user shall follow the instructions ex~
plaining the method of personal identification set forth by the manu-

facturer in the instruction sheet supplied with each headgear.

At no time should the user scratch, burn or othervise modify the
headgear in order to place a personal identification marking on the

headgear.
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3.3.8
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Decals and Stieck--On Labels. The user should be cantioned that

the adhesives used in decals and stick--on labels may adversely
affect the materials in the hezdgeayr. If such marking is decmed
necessary by the user, the manufacturer should be consulted prior

to affixation of any such decal or label.

Painting, To avoid chemical attack, the user should avoid painting

the headgear unless otherwise notified by the manufacturer,

Electrical Insulation. TIndustrial and firefighter's protective head-

gear, if properly used and maintained, will offer limited protection
from electrical shock, It should be noted that th:z maximum voltage
againet which the headpgear will protect the wearer will be a function
of the characteristics of the electvlical hazard anl ambient environ-
mental conditions., Therefore, the test voltages do not imply safe
operating voltages and the local use of the headgear as an electrical

insulator is beyond the scope of this standard.

Maintenance of Industrial and Firefiphter's Headgear

Use of Instructions. Supplied with each headgear at the time of

sale will be an instruction sheet from the manufac-urer explaining
the proper method of visually inspecting the headg:ear for damage

and wear and the steps which must be taken to rectify these problems.
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3.4.2 Timetable for Inspection. Xach headgear should be inspected at

least every six months. This period should be shortened depending
.upon the severity of use. There are, however, conditions which

should receive immediate attention, These sre:

(a) Shell Breakage or Fracture: If the headgear shell shows

signs of fracture, brezkage, holes or deep scratches, the

headpear should be replaced,

(b} Softened, Warped or Dented Shell: If the neadgear shell

becomes soft or 1f its shape becomes distorted, the headgear
should be replaced or returned to the manufacturer for com-

petent inspection.

(¢) Broken, Frayed or Cut Suspension Straps, Chin Strap or

Nape Strap: If the suspension straps, chin strap, nape strap
or any other strap used to fasten the head;iear to the head is
found to be broken, fraved or cut, these should be repaired

or replaced immediately.

J.4.3 Cleaning: Following the manufacturer's recommended cleaning method
(instruction sheet) and cleaning agent (underside of peak or brim)
each headgear should be cleaned periodically. 7he length of time
between cleanings will be determined by the environment in which the
headgear is used. It should be noted that frequent cleaning will

complement other forms of personal hygiene requirements in the work

place,
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34,4 Disinfection: Uhen headgear are used by more than one employee,

the headgear should be disinfected prior to being issued to another
employee., The method of disinfection should follow the manufacturer's

recommendations.

3.4.5 Throw-Away Date: Unless done so by the manufaciturer, no throw-

away date has been established for the headgear. The necessity of
replacement will be determined by the type and severity of use of

the headgear.

3.4,6 Abuse of Headgear: Abuse will shorten the effective service life of
the headgear and may reduce the level of protection afforded by the
headgear when worn. Obvious abuses such as: sitting on the headgear,
carrying matevials in the headgear, storage of the headgear in hostile
environments (such as the rear window iedge of an automobile or loosely
placed in the trunk of the auto), use of the headgear as a work rest,

or throwing the headgear about, must be avolded.

In order to perform properly, industrial safety headgear should be

used with the same respect given to other safety equipment,

3.4.7 Flectrical Imnsulation. Under conditions of use where hazards of

electrical shock and burn are frequently encountered, periodic
electrical tests of the headgear may be necessary to insure con-

tinued protective capability,
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3.4.8 Headgear Taoken Out of Service: If it has been deemed necessary

to replace a damaged or severely worn headgear, unless such head~

gear ore returned to the manufacturer, the headnear should be dentroyed

and rendeved incapable of being worn.

-1273 Vol. II Page 66



