The major problem concerning design safety is providing the engineer with methods to

address safety issues. Moreover, design engineers face the problem that many of them
receive little or no formal safety training. Those are two findings of a recent study focusing
on the current and future state of safety knowledge and design engineering.
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esign engineers are facing
increasing pressure to im-

prove the level of safety in

their designs. Such pres-

sure often takes the form

of product liability, increased costs
or inaccessibility of liability insur-
ance, and accident and medical

. costs. In some industries, such as

motorcycle helmet, light aircraft,
and ladder manufacturing, these
costs have become dominant, ex-

ceeding the costs of either design or -

manufacture. In virtually every in-
dustry, the costs are belicved to be
high and rising [1]. To better under-

stand how engineers incorporate
safety in design, a survey was con-
ducted of both current and future
design engineers. The results of the
survey provide a basis for under-
standing what engineers actually do
in their design efforts regarding

safety, and suggest how it might be '

improved.

Survey Format

The survey was administered to
four population samples including:
a random sample of practicing
engincers (randomly selected from
the ASME Design Engineering Di-
vision membership), practicing en-
gineers known to the authors (lo-
cated throughout the country),
University of Michigan faculty in
the Mechanical Engineering and
Applied Mechanics department,
and University of Michigan stu-
dents in senior and graduate design
classes. The survey was adminis-

ception that the student surveys

were personally administered.
Certain novel approaches were

employed in conducting this survey.

. tered through the mail, with the ex- |
| late

To prompt subjects to consider vari-

ous types of safety training when

answering the survey questions, the
questions of training were posi-
tioned early in the survey, rather
than in the demographic section lat-
er in the survey. To increase the
number of responses, the nonran-

' dom population sample of practic-

ing engineers was asked to solicit
additional responses among their as-
sociates who participate in the de-
sign process. The rating scales,
while not traditional, did provide
ordinal data. Since no statistical
analyscs were conducted on the
variations within the populations,
no substantial detriment was intro-
duced by not employing morc for-
mal rating scales. In all cases the re-
sponses were kept confidential.

The response rates for the popu-
lations are shown in Table 1. The
random survey of ASME Design
Engineering Division cngineers
proved an overwhclming success.
Of the 311 engineers responding, 15
of the surveys were received too
to be included in the
quantitative analysis, but were re-
viewed for responses to the open-
ended questions.

Although the solicitation for addi-
tional responses {rom the engineers
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‘ population sample was unconven-
' tional, this methodology proved
successful in that each return net-
‘ ted an average 1.94 surveys. Of the
20 faculty responses, one was a
| written response in place of the

TABLE 1 |
Response Rates ‘

ASME Engineers - Faculty Students \

survey. . Engineers
How Important is Safety o i . \
‘ To Design E ngineers Numbgr Qf,surveys 500 : 60 46 not available “
The importance of safety to the Number returned 31 50 20 52 !
" design community was queried . o ; : |
| throtglgh two specific closgd—form ‘ - Percent returned ; 62 83 43 not available !
| questions and two open-ended : -
questions. ' Additional respehsgs 47
Product Liability in Design. Figure ‘ Total number of responses 311 o7 20 52

1 shows the responses to the ques-
. tions concerning product liability.
The skewing toward the right and
- the relatively high means indicate
1 that product liability is a significant

factor in design. TABLE 2

Safety Value in Design. The re- -
| spondents’ evaluation of the contri- Safety Training Through Self Study

' bution of product safety to product

. . . Specific self instruction or study pertaining to safety?
value is shown in Figure 2. The P P 9 y

1 skewing of the distributions toward ASME  Engineers  Faculty Students
the upper values is relatively consis- Engineers
‘ lcnt“ across the four populations. . Number of respondents 264 88 18 46
Financial Adjustments Regarding
Safety. When asked, “Given the fre- Percent No 53 58 61 70
\ quent claims of inadequate designs
with respect to safety, how can the ! Percent Yes 47 42 39 30

design process (or designs) be im-
proved?” a majority of subjects who
commented recommended that
safety should receive greater finan-
cial emphasis. A common suggcs-
tion was that an adjustment in the
financial inputs to design is needed,
for example: decreasing sales and
administration budgets and increas-
ing cngineering and manufacturing
investment.

Several respondents said time and
cost factors reccive greater empha-
sis than good design. Many respon-
dents indicated that the lack of time
is a factor in safety issues not being
adequately addressed. Respondents
cited problems with managers lis-
tening to cost accountants rather
than designers. Respondents also
expressed concern with the trade-
ofl between design for cost versus
good, safe design. One frustrated
respondent even said: “There is
never enough money to do it rcally
right.”

Other respondents expressed dif-
ferent views on financial considera-
tions. Some said consumers do not
value safety enough to pay the pre-
miums. Others suggested that com-
panies should sell safety features to
customers. Onc said that better fi-
nancial rewards to developers of
safety features are needed. The ex-
ample offered was in the automo-
tive field: “Eaton Corp. developed

A
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Figure 1. Significance of product liability in design.
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the air bag, but the Japanese will
reap the profits.”

Motivation Versus
Empowerment

These results demonstrate that
most cngineers recognize the impact
of product liability and are motivat-
ed to include safety in their designs.
Contrasting these findings with
statements from the safety commu-
nity highlights an apparent dichoto-
my between the design and safety
communities.

Aurioles [2] suggests that “The
need is to motivate scientists and en-
gineers to include safety in all the
steps of research and development
work. They have the necessary skills
to do it.” The results of this survey
indicate that motivating engineers is
not the problem. In fact, the results
show that on average, engincers con-
sider safety issues to be quite impor-
tant.

Similarly, in 1981, Colangelo and
Thornton said, “We are graduating

* thousands of engincers annually

who have never even hcard of the
term ‘product liability’”’[3]. The re-
sults of this survey suggest that this
is no longer the casc. The influence
of product liability on design is sub-
stantial and equally recognized by
the various populations. However,
recognizing this influence does not
necessarily provide the designer
with any direction on how to im-
prove what he or she does. The is-
suc becomes not one of whether en-
gincers can easily include safety in
their work, but rather do they know
how?

Inadequacies in
Safety Education

Respondents were asked several
specific questions about the formal
safety training they had received.

As shown in Figure 3, nearly 80
percent of the respondents had not
taken a safety course in college. This
is truc across all four population
samples. The figure also indicates
that well over 60 percent of the rc-
spondents had not taken any safety
short courses. Note that 90 percent
of the faculty had not taken a safety
short course. Further, this figure in-
dicates that 80 percent of the faculty
and students had not attended any
safely conferences; both engineer
populations responded similarly (70
percent) but slightly less. Finally,
Figure 3 is notable by the absencc of
faculty who had attended safety lec-
tures (about 70 percent had not at-
tended safety lectures). In contrast,
approximately 60 percent of the oth-
er threc populations had attended at

To what extent does product safely contribute

to product value?

50

B ASME Engineers
B Engineers

B Faculty
Students

Rating
No Minimal Marginal  Moderate Intermediate High Exceptional
contribution contribution contribution
1 2 3 5 6 7
Summary statistics
ASME Engineers  Faculty Students
Engineers
Mean 5.14 4.66 5.19 5.39
Standard deviation 1.35 1.46 117 1.32
Number of respondents 264 91 17 33
Figure 2. Safety contribution to product value.
least one safety lecture. Table 2 | suggested that all engineering

shows that self study is a significant
source of safety education in that 30
to 47 percent of the respondents had
engaged in self instruction or study
pertaining to safcty.

The respondents were asked to
rate their knowledge with respect to
safety. Figurc 4 shows the responses

- to this question. Of particular note

is the contrast between the two re-
sponse groupings—the faculty and
students view themselves as being
less knowledgeable than the prac-
ticing engineer populations. This
contrast is also reflected in Figure
5, where respondents rated the ef-
fectiveness of the methods they use.
The average means for these group-
ings are very similar for both
questions.

In the open-ended questions
about improving the design process,
respondents advocated more safety
cducation in several areas. The pri-
mary suggestions included more en-
gincering education, namely semi-
nars and workshops, more classes in
school, a required college course,
greater emphasis in the engineering
curriculum, incorporation of safety
issues in design and project man-
agement courses, and more formal
education covering the theory of
safety. Although a few respondents

courses should include safety con-
cerns, most respondents considered
this insufficient. A few respondents
suggested that engineers should try
what they design (become the uscr
cither mentally or with the actual
end product) or incrcase the per-
sonal investment by designing for !
their own use. ‘

Safety Education
And Training

Most engineers receive little or
no formal training in safety. The
most significant safcty “training”
occurs through lectures or self
study, and, even herc, 70 percent of
the faculty and 40 percent of the re-
maining three population samples
had not received such training.
These data offer empirical cvidence
for Hammer’s statement that “Be-
cause so many subjects and facts
must be taught in cngineering
schools, instruction in safety and ac-
cident prevention is generally often
omitted™[4].

The education shortfall is especial-
ly pronounced in the engineering
faculty, who received the least for-
mal safety training in nearly all cate-
gories. These results lend some sup-
port to statements made by Philo,
“Engineering cducators know little
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of safety cngineering and teach
less”[5], and by Hammer, “Most en-
gineering school faculty members
who instruct students in safety mat-
ters have themsclves been inade-
quately educated”|4].

The differential between the fac-

" ulty and student populations com-

parcd with the two engincer popula-
tions is notable in two areas. The
engineer populations rated both
their knowledge and their overall cf-
fectivencss higher than the faculty
and students rated theirs. This may
indicatc that the additional safety
training cngineers reccive through
salcty lectures and self study may
have had an impact on their knowl-
edge ol safety (as scll reported).
Without an independent measure of
safety knowledge or cflcctiveness,
no absolute conclusions can be
drawn regarding the actual bencfit
or etfect of this training.

Measuring the Results Against |

Other Institutions. Three popula-
tions of this survey are strongly af-
fected by the two institutions with
which both authors have intimate
expericnce (the University of
Michigan and MIT). Informal con-
sultations with mechanical cngi-
neering faculty at the University of
California (Berkeley), Stanford
University, and the University of
Ilinois indicate few differcnces in
the safety instruction methods used
in cach institution.

Two Approaches
To Safety in Design

Safety is addressed by the design

- and safety communities in substan-

tially different ways. In the safety
community, improving safety centers
around climinating and controlling
hazards. The design community em-
ploys a much narrower approach.
The relative youth of safety engi-
neering is partially evidenced by the
lack of safety engincering methods
and tools in “classic” design texts;
sce Shigley and Mitchell [6] and

Mark’s Ilandbook 7). Much ot thc ‘
discussion of safety in these texts is
¢ devoted to why safety should be in-

cluded in design. The few tech-
niques discussed in thesc types of

- texts offer little guidance on how to

actually include safety in design or
how safety cfforts fit into the frame-
work of hazard climination or con-

trol. As an example, Shigley and |

Mitchell state that “The best ap-
proaches to the prevention of prod-
uct liability arc good engineering in
both analysis and design, quality
control, and comprehensive testing
procedures™ [6]. Although few engi-
neers would disagree with this state-

How many safety courses have you takeh in college?
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Figure 3. Respondents’ safety education and training.
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. ment, it does not prompt the engi- !
neer to take advantage of the more

. rigorous methods available to ana-

lyze safety issues.

The most prominent techniques to
address safety issues found in the lit-
erature of the design engineering .
community include safety factors, |
safety checklists, and standards or
codes. Recent publications within the
design community have begun to in-
clude some safety engineering tech-
niques (see Dieter [8], Jones [9], and
Middendort [10] as examples), but
lack the theorctical basis ol hazard °
elimination and control rcquired to
address safety in a comprehensive
manner.

Safety Factors. Safety factors are
commonly used to account for varia-
tions or uncertainties in items such
as matcrials, parts, and loadings,
over which the manufacturer and de-
signer have no control (sce Shigley
and Mitchell [6] for a more extensive
discussion). Methods for sclecting an
appropriate safcty factor fall on a
continuum between two cextremes.
Johnson [11] provides an extensive
discussion on a quantitative, proba-
bilistic approach to determining an
appropriate safety factor. However,
Johnson also points out that “al-
though the necessity of ils usage is
well realized by practicing engineers,
the basis for (safety [actor) sclection
is often nebulous™[11].

Although commonly accepted as a
design method to eliminate a hazard,
a safcty factor can also be character-
ized as merely a guard against uncer-
tainty (discussed in more dctail
shortly). If the assumptions upon
which the design or safety factor are
based prove erroneous (for example
- undetected material impurities in a
" structural member, reasonably forc-
seeable use, or abusc beyond what
the designer anticipated), the safety
factor is void, leaving the hazard ex-
posed. This is not to suggest that
safcty factors be abandoned, only
that the guarding aspect be consid-
ered by the designer when using
safety factors.

Safety Checklists. Safcty checklists
are suggested as onc mcthod to ad-
dress safcty issucs in both the salety
and design communities; see Bass
[12], Malasky [13]. Safety checklists
arc useful because creating a safety
checklist requires that a safety analy-
sis be conducted. The resulting safety
checklist is tailored to the particular
design. This samc checklist can also
be very useful for subsequent designs
(or opcrations or procedures) if
© strong similaritics exist between the
designs.

However, checklists are not a

How would you rate your knowledge regarding

safety in design?

40

Percent
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W ASME Engineers
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How would you rate your knowledge regarding

safety in design?
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104
0
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Rating
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1 2 3 4 5 6
Summary statistics
ASME Engineers  Faculty Students
Engineers
Mean 4.35 4.21 3.47 3.19
Standard deviation 1.23 1.31 1.39 1.14
Number of respondents 283 96 20 52

Figure 4. Self rating of safety knowledge.

panacca for safety issues. Using a !

safety checklist for a new design in-
stead of a salety analysis is much like
applying a [inite element analysis re-
sult from one design to a different
one. If the designs differ, the check-
list could obscure serious hazards.
Kolb and Ross note that “Most cx-
perts polled were wary of using
checklists of hazards. They do have
their place, but tend to be leaned up-
on too hecavily” [14].

Standards. Industry and govern-
ment standards provide technical in-
formation, promote consistency, en-
sure a minimum level of safety, and
“provide an excellent source of in-
formation on hazards and methods
for their elimination or control™ [4].
Consensus standards establish the

minimum state of the art in industry

which must be mct with respect to
safety and performance.

However, mccting the minimum
standards may not be sufficicnt. Gal-
lagher states that “OSHA and ANSI

standards are by their nature less
than ‘due care’™ [15]. Hammer sug-
gests that “too often designers or
safety cngincers blindly follow cited
criteria without analyzing (the re-
quirements)” [4]. In some cases safe-
ty improvements, such as hazard
elimination via new design, may ren-
der moot a guard specificd in a stan-
dard. In others, the minimum stan-
dard may not be adcquate (or a
particular product or design. ‘
A substantial number of survey re-
spondents appear to rcly on specifi-
cations within industry or govern-
mcnt standards as a mecans to
address safety. Standards and codes
received high marks as a resource
that respondents usc. However, the
responscs to the open-ended ques-
tions provide an indication that in
some cascs safety analyses are being
omitted in lieu of the standard. For
example, several engineers expressed
their satisfaction that safety concerns
were adequately met because the de-




sign met the standard.

Safety Methods Used. Respondents
were asked several questions about
how they include safety issues in
their designs, and what “safety re-
sources” they use in their design ac-
tivitics. The data suggest that some
safety resources are undcrutilized by
design cngineers. Most notably, acci-
dent data and consultations with
safety specialists received low rat-
ings. Also remarkable is that hazard
identification tcchniques remain
largely unknown or unused by the
people primarily responsible for cre-

| ating a design. Finally, although en-

gineers recognize the low utility of
using an “implicit method,” the re-

! spondents use this method morc fre-

quently than cither quantitative or
qualitative risk assessments, both of
which rcccived substantially higher
utility ratings.

The System Safety Approach

In the safety community, improv-
ing safcty in a design centers around
systematically identifying, climinat-
ing, and controlling hazards. Hoys
and Zimolong suggest that “The ef-
fective control hazards must always
be anticipatory. They must contain
actions which forestall the appear-
ancc of danger and which keep haz-
ards from developing into acci-
dents™ [16]. Roland and Moriarty
outline the overall approach to con-
sidering hazards in designs shown in
Table 3 [17].

Hazard Control Ilierarchy. The
safety community has developed a
preferrcd approach to controlling
and climinating hazards; scc Ham-

mer [18], Roland and Moriarty [17],
Malasky [13] among others. This hi-
erarchy is preferred due to the in-
creased likelihood that an accident
could occur as the hazard controlling
method sclected progresses down the
hierarchy. Understanding the “haz-

i ard control hierarchy” is necessary to

fully appreciate the trade-offs in-
volved in design decisions regarding
safety. The preferred hierarchy of
eliminating or controlling hazards, in
descending order, is: to eliminate
hazards through the design; to pro-
teet or guard against the hazard; to
warn the user(s) about the hazard;
and to train the user(s) to avoid the
hazard. De Ville includes a fifth
point where he emphasizes that the
designer “accept the remaining resid-
ual hazards and risks” [19].
Eliminating hazards through de-
sign produces “inherently safe” de-
signs. The term “inherently safe”
refers to designs in which hazards
have been completely climinated or
reduced to levels of little conse-
quence. Gallagher said that “Prudent
designers never use warning, train-
ing, and personal-protection equip-
ment as a substitute for safe design,
guards, or safety devices.”
Protecting or guarding is a less
preferred approach than design be-
cause, as Hoyos and Zimolong sug-
gest, “The protection approach has
only limited value, because isolation
of hazards can be undone by unsafe
behavior” [16]. Unsafe behavior can
be overt, as in intentionally defeating
or not using a safety device such as a
saw blade guard, or inadvertent, as

TABLE 3
Hazard Resolution Process

Define the system

Define the physical and functional characteristics and understand and evaluate the
people, procedures, facilities, equipment, and the environment .

Identify hazards

® ldentify hazards and undesired events

® Determine the causes of -hazards

Assess hazards
* Determine severity
® Determine probability

® Decide to accept risk or eliminate/control - ‘ ;

Resolve hazards
o Assume risk or
& implement corrective action
Eliminate
Control

Follow-up
 Monitorfor effectiveness
® Monitor for unexpected hazards

From Roland and Moriarty, *'System Safety Engineering and Managemént" (1990)

6

cause of improper maintenance, ad- |
justment, or neglect. i
Hazard control by using warnings
exhibits several difficulties. Warnings
as a science represent a relatively
new field; see Lehto and Miller [20].
“Warning” in this context includes
product information beyond the com-
monly perceived on-product labels
(instruction manuals, product fliers,
and others). How, why, and if warn-
ings are cffective is a topic of current
research (and litigation). A major dif-
ficulty in designing effective product
information is that the designer must
explicitly rely on the bchavior of the
human user. The human user intro-
duces complexities of cliciting atten-
tion, comprehending, educating, per-
suading, and informing. Further,
! variations in users (such as skill in lit-
eracy and languages) increases the
difficulty of the information design
task. The complexities of these issues
have led to much research and mod-
eling; see Rhoades [21]. Devcloping
effective product information has be-
come a design effort in itself.
Although many designers can ap-
preciate the difficulty of creating de-
signs without hazards or with effce-
tive guards, few designers have a
basis (or the expertise) to under-
stand the complexities of designing a
warning. The warning or product in- !
formation design process is similar to
(and ideally concurrent with) the ac- |
tual product design in that proto- ;
types and revisions must be tested |
with appropriate population samples;
. see Miller [22]. A casual approach to
. warning against a hazard (“put a
warning on it”) is equivalent to a ca-

- sual approach to climinating a haz-

ard through design. As an example
of a casual approach, Shigley and
Mitchell state that “glowing promises
in the warranties and sales litera-
ture... should be reviewed carefully
by the engincering staff to eliminate
excessive promises and to insert ade-
quate warnings and instructions for
use” [6]. This approach implicitly as-
sumes that engineers know what in-
. formation is needed and know how
to effectively convey that informa-
tion to the users. This approach to
developing product information runs
strongly contrary to current warnings
and instructions research.
Training, the least preferred
method of controlling hazards, ex-
. pressly relies on each user to avoid
the hazard. Since the hazard exists
for all users, this approach to hazard
control requires that cvery user, in-
cluding temporary or stand-in uscrs,
receive training. Additionally, train-
ing provides small tolerance for op- |
erator error. Issues of unintended |




| users and training costs decrcase the
desirability of this hazard control
method.

The hazard control hierarchy de-
veloped by the safcty community
presents a systematic approach to

- addressing safety issues. Several
specific methods and tools have
been developed within the safety
community to implement hazard
elimination and control. One such
method, the hazard analysis, will be
discussed in detail because it forms
the basis of the framework pro-
posed herein.

Preliminary Hazard Analysis. A
primary method for identifying haz-
ards is thc Preliminary Hazard Anal-
ysis (PHA), also known as hazard
analysis or system hazard analysis.
This analysis is used to identify po-
tential hazards associated with de-
signs or work places.

The PHA is cssentially a hazard
discovery analysis. Conducting a haz-
ard analysis requires that the design-
er list the hazards associated with the
use and expected misuse of the de-
sign in all the environments in which
the design will be used. The designer
attempts to anticipatc how an acci-
dent or injury might occur by draw-
ing on design and safety data and ex-
perience. The result of the analysis is
a list of hazards which nced to be ad-
dressed during the design efforts.

Usually a PHA is conducted very |

early in a design. Hammer [18] states
that a “PHA is generally the first anal-
ysis made of a new product design or
a product to be modified” (Kolb and
Ross [14] concur). In fact, Aurioles

' [2] argues that engineers should in-

| clude exhaustive hazard identification !

in research and development efforts.
Hoyos and Zimolong report that the
Seattle-based Boeing Corp. has used
the results of PHA in both the design
and system safety cngineering depart-
ments as carly as 1968.

A PHA can be used for a qualita-
tive evaluation of potential hazards
(see Hammer [18]; Hoyos and Zimo-
long [16]: and others) or a quantita-
tive analysis of hazards; see Ozog
[23]. Often the results of the PHA
arc used as a basis for subsequent
analyses of hazards using other safe-
ty mecthodologics, such as failure
mode and cffects analysis and fault
tree analysis.

In summary, a PHA and other haz-
ard identification techniques offer
potential for the design engineer as
well as the safcty practitioner. Kavia-
nian et al. suggest that “Hazard eval-
uation procedures, when integrated
with enginecring design, provide the
design cngineer with the necessary
tools to identify and modify those

~ tem safety” approach is defined in
- Roland and Moriarty [17] as “the ap-
. plication of special technical and

How would you rate the overall effectiveness of the
methods you use to incorporate safety in your designs?
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Summary statistics
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Standard deviation 1.19 1.25 1.43 1.20
Number of respondents 278 96 18 49

Figure 5. Effectiveness of methods used to address safety.

components of the system which
havc the potential for causing an ac-
cident” [24].

The safety community has devel-
oped a systematic approach to ad-
dressing safety concerns. This “sys-

managerial skills to the systematic...
control of hazards throughout the life
cycle of a project.” Drawing on the
methodologies developed by the safe-
ty community can be beneficial to de-
signers concerned with improving the
level of safety in their designs.

Dichotomy of Knowledge

This investigation of the literature
in the safety and design communities
has shown an apparent dichotomy:
safety experts have methodologies |
to address safety issues in a compre-
hensive manner, but do not normal-
ly develop the actual design; and de-
sign engineers, responsible for
developing designs, lack the tools
and safety theory developed in the
safety profession. This dichotomy is
also supported by the survey results
and reflected in the safety resources

that design engincers use.

Concurrent engincering offers one
approach to bridging this dichotomy
becausc safety specialists can be in-
cluded in the design development
from the conceptual design. Concur-
rent enginecring, while unknown to
some respondents, was advocated by
others as a method to improve de-
sign safety.

The safety community tends to
recommend multiple design reviews
as an alternative method to improv-
ing design safety. How the individual
designer in a smaller company can
practically execute this approach
without the resources of safety spe-
cialists found in larger firms remains
a research question.

A different and perhaps more

- functional approach to bridging the

dichotomy is to educate designers to
be better at “doing safety.” Kolb and
Ross [14] suggest that there is a con-
sensus among experts that safety
must be considercd at the very be-
ginning of product development, and
that “the design engineer is the
prime movcr of safety concerns.” Al-
though design safety should not be
left solely to one individual, design
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safety would improve if design engi-

neers knew more about hazard iden- |

tification, elimination, and control
(an intuitive rather than empirical
argument). This approach is the basis
for the proposed framework to im-
prove design safety.

A Framework for Improving
Product Safety

We suggest “empowering” design
engineers with the fundamentals of
safety theory and hazard identifica-
tion techniques as an approach to
improving product safety. Specifical-
ly, engineering education and train-
ing should include the basics of con-
ducting safety analyses.

The proposed approach focuses on
the hazard identification task of the
hazard resolution process (sce Table
3). Under the proposed approach, a
designer would explicitly identify
and document the hazards as well as
he or she can. As the design evolves,

- so too will the understanding of the

hazards involved. The underlying hy-
pothesis of this proposed approach is
that the fundamental safety mcthods
(specifically hazard identification
techniques) can be learned and ap-
plicd by designers. This approach is
an adaptation of the more formal-
ized approach within safety engi-
neering. Kolb and Ross [14] have
proposed a similar approach for de-
sign engincering staffs.

The results of this survey indicate
that motivating the design enginecr
is not a problem; engincers do not
try to create unsafe designs. There-
fore, if the hazard identification task

. is explicit or formalized within the

design process, the subsequent haz-
ard evaluation and control would
likely follow. Engineering judgment
would dictate how far the hazard
analyses should be carried. Designs
with complex or difficult hazards
may require a quantitative hazard

evaluation or other more sophisticat- |

cd techniques available through safe-
ty specialists. A documented hazard
identification list also can be extend-
ed to serve as a design-specific safety
checklist; scc Hammer [18] for fur-
ther discussion.

This framework is supported by
several comments from survey re-
spondents. Several respondents sug-
gested that an increased emphasis on
safcty analysis would improve design
safety. Such methods would include
“considering misuse and the effects
of failure” and “greater failure and
safety analysis and not conclusions
by ‘managers’ who have lost touch

 with engineering design.” The efforts

would, according to the respondents,
include input {from insurance compa-

nics, direct end-user feedback, and
morc engineering analysis prior to
prototypes.

Advocating that a safety analysis
be performed on designs is not
without costs. Conducting such an
analysis requires time and financial
support. Certain low-risk designs
may be detrimentally affccted by
any delays. Although the funda-
mental safety analysis techniques lie
within the reach of designers, sys-
tem complcxity is driving safety cn-
gincers beyond the fundamental
hazard-analysis methods. In particu-
lar, Hoyos and Zimolong [16] sug-
gest that because today’s systems
have “hidden hazards which cannot
be directly and intuitively perceived

makes it nccessary to use new

mcthods—not only the classical
hazard analyses—to determine
which hazards and dangers cxist.”
Finally, since students of design
rarely producc anything while in
college, such an analysis may or
may not be pertinent to academic
design projects.

The primary problem concerning
safety in design is not motivating de-
sign engincers, but empowering the
design engincer with methods to ad-
dress safety issues. Likcwise, the is-
sue is not whether engineers can cas-
ily include safety in their work, but
rather do they know how? Specifical-
ly. most engineers recognize the im-
pact of product liability and are mo-
tivated to include safety in their
designs. This is a predictable conse-
quence of what is typically taught to
design enginecrs about safety.

Most engincers (especially faculty)
receive little or no formal safety
training. This is a predictable conse-
quence of what design engineers are
not taught about safety because fac-
ulty members have themselves re-
ceived inadequate safety training and
because the design literature omits
formalized safety theory.

A review of methods in both the

safety and design communities sug- !
gests that a dichotomy exists in how |
safety is included in design. The de-

sign community literature largely |

omits many applicable techniques
developed by the safety community
to address safety issues. In particular,
methods developed by the safety
community to identify and evaluate
hazards appear to remain largely un-
known in the mechanical design
community.

Safety education and training in
the design community should be

changed to include safety analyses

and emphasize hazard identification,
elimination, and control carly in the
design process. We suggest that the

PHA is a fundamental method which
should be a part of an engineer’s ed-
ucation and training. Howecver,
which particular safety method or
analysis technique is used may not
be as critical as the fact that a safety
analysis be conducted. u
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