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Fall down the rear seat back on the seat, and
insert two stays at the both side of the floor on
the top of the seat back into the small hole of
the steel brackets on the back of t{he seat
cushion.

Owner's manual, Datsun 1964 Station Wagon
(Manufacturer’s translation from Japanese)
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Performance Testing:
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Vietnamese Air Force Technicians
Helicopter Main Power Piant
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J. SUMMARY AND CONCLUSIONS

PURPOSE

Translation of tecknical English is a critical aspect of the larger effort of
transferring American military equipment to the armed forces of the Republic of
Vietnam, because each item is accompanied by considerable documen¢ation. Many
issues are involved: Is it possikle to translate with high quality from a highly tech-
nical language Into one that is very iimited in its technical terminology? What are
the available resources for translaiion of English to Vietnamese? How fast can
professional transiators process technical material? What types of errors, if any,
are made by translators and kow frequently do they occur? How can finished trans-
lations be evaluated for fidelity (i.e¢., accuracy)? This study, undertaken at the re-~
quest of ODDR&E, covered a series of investigations of several of these questions:
the possibility of high quality transiation, and assessment of speed, errors, and

methods for quality measurement of translated technical English to Vietnamese,

Several experimeunts were conducted to provide: (1) information avout different
methodologies that could be used to assess the quality of trcnslated fechnical English;
and (2) data on factors that affect the quzlily of text translated from English to Viet-
namese. Reaults ¢f the experiments should be of value to hoth linguists and other
behavioral scientists, and to Department of Defense agencics facing pisblems of
turning over technical equipment to the RVNAF, The studr demonstrates methods
of measuring translation quali;,y. and provides quartitative evidence about the sig-
nificance of good technical translations. Further, there are guidelines for writing

trangiaiabie English,




METHOD

Three techniques were used: (1) the analysls of back-translated Vietnamese,
the technique in which one bilingual translates from English to Vietnamese and an-
other bilingual translates back from Vietnamese to English; (2) the measurement of
translation quality through knowledge testing of Vietnamese readers in their own
language; and (3) the asgessment of technical material—both translated Vieinamese
and the original English text—through performance testing of technicians whe must

use the material to repair or adiust vart of an aircraft.

English-to-Vietnamese translations, as well s back-translation from Viet-
nameae into Englisk, were done by twelve highly skilled proiessional translators.
All the material they transiated was technical English, sampled from representative
USAF tech orders, U.S. Army tech manueis, or Air Force iob performance aids
(e.g., PIMO).* Su*’escts who served as users of iranslated material were Vietnamese
Air Force airmen being traineu as helicopter technicians by the U.S. Armay Trans-
portatior: School, Ft. Eustis, Virginia. Finally, U.S. Arry elﬂistégl technicians,
comparable in training and experience to the VNAF airmen, served as an experi-
mental control groun. PBoth American and Vietnamese subjects were probably typi(:é.l

of users ol this type of material.

Analysis and review of transiated Vietnamese were done Lv a linguist-consuliant
and, in some cases, by VNAF liaison officers. Back-translated material was

anaiyzed by the experimenters.

RESULTS

Feasibility of Translation

Vietnamese is 3 language with virtaally no technical terms. For this reason
irarslators are forced to resoxt to one of several technigues in dealing with tech-
nical English:

Acronym for Presentation of 1nforration for Maintenance and Operation.
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s they may use French or Chinese or English, transliteraied and presented
in Vietnamese characters;

9 they may coin new terris;

¢ tbey may use several available Vietnamese words to "explain around' the
English term.

However, usable translations were prouuced by the 12 biiingnals hired for these

experiments.

Translation Speed

Technical English can be translated into Vietnamese at about 4090 words per
hour‘(2400 to 3600 words per day), although unfamiliar material iz handled at a

somewhat lower rate.

Back trans]ation into English, which may be necessary as a quality coniroi

technique, can be done about 10 percen: faster, i.e., 450 words per hour.

There is no speed advantage for translators working with £pecially formatted
proceduralized job performance aids such as PIMO, i.e., their cutput is the same

as when translating conventional technical manuals.

Translators claim to he able to handle standard, nortechnical English to Viet-
nawmese at rates of up fo 1000 words per houyr (a figure not verified ir this study).
The main reasoa for the much slower pace found here is an inherent characteristic
of the Vietnamese Zmage: techniceal terms are almost nonexisient and translators
are forced te coin words or, more ofter, "explain around" meny Englisk words.
For examrple, the frequently used aeronautical term "tachorieter'" may become
"rotatiou measuring machine” in Vietramese. Not oniy does the absence of a tech-
nical tefminology affect the speed of tranclation, but it also results in widespread

nonstandard usage, both by translators and readers.

Quality of Technical Translation

Givel highly competent tranaiators, careful review by equally sl-iiled iinguists,

legical aids such ae ‘echnical glossaries, and a form of coiniencation that stresses




accuracy over speed, it is possible to produce accurate technical Vietnarnese from
standard U.S. military maintenance documents. This has been demonstrated by
s.veral ap. raches to assessing translation quality: back-translation, knowiedge

testing, and performance testing.

Asg a general finding, for every 100 words of technical English translated into
Vietnamezse, abont five words or combinations of words are in error. While this
.y appear to be a low rate, inview of the operational importance of maintenance

material the error rate should probably be close to zero.

Translator accuracy for job performance aids (e.g., PIMO material) is about

the same as for conventional technical material,

Several types of changes/errors occur in translated Vietnamese: (1) words
or phrases in the original corpus are omitted; (2) synonyms are substituted for di-
rectly equivalent terms:; (3) functional descriptions are introduced when the technical
English has no equivalent Vitnamese; (4) words or phrases are garblad; and (5)
words are used which definitely change the meaning of the original (indicating, per-
haps, a lack of understandirg by the translator).

Irrespective of their bilingual abilities, good translators demand special
glossaries and technical word lists, and their performance directly reflects the use

of such aids.

There is little or no relationship between quality of transiation and the speed
of the translators in these experiments. This is true for English to Viztnamese,

Vietnnmese to English and a combined rate for the two directions.

Methods of Assessing Translation Quality

Each of the techniques employed in this study is sensitive to differences in

translation qua'’ty and each has unique advantages.

Back-translation into English permits nonbilinguals to compare original texts

with retranslations. The technique is relatively rapid. However, it is pcesible for




the back-tranglator to introduce new errors to the first translation, or to cancel

errors, and there is no satisfactory way to prevent these things from happening.

Knowledge testing, in which subjects read a translation and answer questions
about it, is highly sensitive to differences in translation quality. Average scores
varied by more thar a factor of two, i.e., 6.1 versus 2.6 on a ten-item test, for the
best and worst translai.ons. When the same man translated both PIMO and cor-
responding tech order material, knowledge test scores did not diffe::. Scores on
knowledge tests correlated positively with irdependent ratings by experts on quality
of translations and with an error analysis of back-translations. Thne technique is
scmewhat time-consuming to administer and it requires that test questions be written

and translated; also subjects' answers must be scored in the target language.

Performance testing is a way of measuring the quaiity of tachnical translations

by having readers perform a task usii : the translations. Tc the extent that such
performance is good or bad, the translation is assumed 1 be good or bad as well.
Our experiments showed that different quality leveis of a translated technical manual
were directly reflected in the work of crews of helicopter technicians. The best
translation into Vietnamese resulted in performance on a very difficult, multi-step
task at a level that was approximately equal to that of U.S. Avmy technicians who
used the English manual. Error-free performance was obsarved for 73% of the tasks
done by each group, U.S. Army and VNAF., Lesser-quality translations brought the
corresponding figure as low as 11%. VNAF technicians using English, the language
in which they had been trained, worked at a 41% error-free level. Performance
testing is the most time-consuming of the quality assessment methods we used. It
also requires the availability of equipment (UH-1H helicopters in our case) and the

close cooperation of expert technical observers to evaluate subjects' nerformance.

Subjective opinicn, as 2 method of evaluating quality of technical translation,
is both i.accurate and misleading. Specifically, we have two rearcis for making
such an assertion: (1) some Vietnamese airmen, working with the best available

translation, expressed dicsatisfaction with having to read unfamiliar terms; in fact,




however, the performance of these technicians was much ° ntter than that of other
VNAF technicians who used the English manual; and (2) technically competent bi-
lingual reviewers called the pcorest quality translation "...no* bad..." when actual

performance with that translation was the worst measured.

Cost of Technical Translation

Good Vietnamese translators are difficult to Jocate and their services are ex-
pensive. We paid each of the main group of translators $8.00 an hour. At this rate,
plus & higher hourly fee for the consultant-reviewer, the best quality translation
cost $140 for approximately 1000 words of English. To obtain lesser quality ma-
terial we used the services of a commercial translat.co company and those of a
single free-lance linguists at $39 and $30 per 1009 words, respectively. Neither
of these translations had the benefit of a review. (The performance test results
showed marked differences between the three quality levels.) We believe that the
high cost of the best translation procedure could be brought down, perhaps by a
factor of two, in a production operation. However, $70 per thousand words may be

2., excessive price to pay.

Translation of Proceduralized Job Aids and Conventional Technical Material

Proceduralized job performance aids (JPA) are improved ways of providing
maintenance information to technicians. JPAs are written in a specizl format: they
use standardized verb lists, sentences are shori, and sentence structure is simpli-
fied (Sinaiko, et al., 1969). It was not the main purpose of this study to look into
JPAs but, because at least one item of equipment (i.e., the UH-1H helicopter) is
to have JPAs, we included sc me representative proceduralized material among the
samples of technical English to be translated. This summary is based on transla-

tion speed trials, on back-translation analyses, and on knowledge test results.

There is no speed advantage for translators of JPAs versus conventional

technical English

Translator error rates are about the same for JPAs and technical English.




Types of errors are distributed almost identically between JPAs and conven-

tion<: material.

Writing Translatable English

Based on an error analysis of the back-translations, we derived eight rules

for writing English that will lead to more accurate translations intc Vietnamese.

The most important of these rules suggest avoidance of:

® long sepntences, i.e., over 16 words
¢ complex noun phrases, e.g., '"organizational maintenance activities"
¢ adverbs and prepositions indicating ''where" or "when', e.g.,
"reasonably probable', ""beyond'.
® abbreviations, e.g., "Landing "ear Cont."
RECOMMENDATIONS

Following are what we believe i¢ be the major, or priority, recommendations

derived from this study:

1.

Develop bilingual glossaries of technical terms and other translator aids.
Provide and require quality control in all technical trarslation, e.g.,
analys s of back-tran: ation, knowledge testing and, if feasible, per-

formance testing.

Compensate translators so as to put greater emgphasis on accuracy than
speed.

Do not rely on expert opinion to evaluvate technical translations.

Prepare new technical documents using English that is likely to be trans-
lated accurately.




BLANK PAGE




ITI. INTRODUCTION

", ..The most critical need...a year ago and
today, is for material in the Vietnamese language...
This is viewed as the most difficult job yet to be
accomplished..." (Henderson et al., 1970)

Technical documents--maintenanc. manuals, technical orders, and
instructional material--are as critical in the use of complex military
equipment as the hardware itself. Training men how to use and service
equipment is inevitably tiad to the quality of the technical documents
they are given. And in the case of material intended for foreign na-
tionals--specifically, the Armed Forces of the Republic of Vietnam--
there is an added class of problems: most of the intended users do
not read Englich and documents must be translated. (An alternative
solution, not treated in this study, is to train Vietnamese military

personnel to read English, thus eliminating the need for translation.)

lL.anguage translation methods are as old as the prirted word. But,
surprisingly, there is almost no literature on the technology of trans-
lation, and on the accuracy that can be expected from it. One is
forced to rely on the subjective views of translators or bilingual
readers avout the quality of a translated document.

Vietnamese is simple in structure. However, one characteristic
of the language makes translations from technical English very diffi-
cult., That is, Vietnamese contains almost no technical terms. A re-
lated fact is that Vietnamese is not a precise language by Western
standards. We have heard anecdotal evidence that Vietnamese frequently

misunderstand each other when attempting to exchang2 exact information.

Because of its importance to the current program of turning over

American military assets to the Vietiiamese Armed Forces, the Deputy

°  Preceding page blank




Director for Southeast Asia Matters, ODDR&E, requested the Irstitute
for Defense Analyses to initiate a study of technical translation.
Since January 1970, IDA has conducted a series of exploratory experi-
ments on translating tconnical material from English to Vietnamese.,

As part of the Department of Defense accelerated modernization program
for the Vietnamese Armed Forces, the IDA effort was undertaken to ob-
tain quantitative evidence about many translation problems. Is high
quality translation from technical English to Vietnamese possible?

How rapidly can language translators process technical English? How
many errors do they make? What is the nature of translation error for
this type of material? How does translation quality affect the work
of Vietnamese technicians? Do some forms or styles of technical

English permit better translations than others?

In acdition to addressing these questions, we were equally con-
cerned about more fundamental, and general, problems of assessing the
quality of translations. Since relatively little work has been done
on assessment, the IDA experiments were intended to provide informa-
tion about different approaches tc measuring the goodness of trinsla-
tions. What we have learned should also be of value to linguists and
others who are concerned with quality control in language translation.
In all cases, the methods of evaiuating translations that we have used
can be apnliied by people who themselves do not speak another language

besides Inglish.

It is important to indicate what this study does not treat. We
did not deal with any aspects of automatic translation, i.e., full
machine (computer) translation or machine-aided translation. (Pierce
et al, 1966, do cover these issues,) Neither did we try to measure
the relative merits of training Vietnamese in Engiish or in their na-
tive language. Finally, although we used many Vietnamese airmen 2s
test subjects in *he experiments, our results should in no way be

construed as an evaluation of the abilities of those men.

The work reported here is an extension of an earlier study, also
for ODDREE, on training Vietnamese to operate and maintain complex

military equipment (Sinail.o et al, 1969j.
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ITI. METHODOLOGY

This chapter describes the approach used in the study of trans-
lations between technical English and Vievnamese. The linguist-
consultant and 12 translators are described. as are the technical
materials on which the translators worked. Also covered are the three
methods that were used to study the speed and/or quality of transla-

tion: back-translation, knowledge testing, and performance testing.

BILINGUAL CONSULTANT

A highly skilled consultant was hired who assisted in several
phases of this investigation. He possessed the following qualifica-
tions: Vietnamese native, university teacher in Vietnam, 20 years in
the U.S., Ph.D. in educational psychology with additional training in
linguistics, experience with translating technical materials, has
taught Vietnamese how to translate. This consultant recruited 12
translators considered by him to be the best available and he evalu-
ated much of their work.

TRANSLATORS

The 12 bilinguals workad for a minimum of eight hours, translating
and back-translating, as well as telling us what problems they en-
countered and what aids might make their translations faster and better.
Biographical information on the 12 bilinguals was gathered from them
so that their qualifications can be described.

At the time of these exp2riments, seven of the 12 bilinguals

worked for the Voice of America as professional translators. One

11
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worked for IBM, one for the State Department, one was a Ph.D, and an-
other a Ph,D. candidate, and one wes a language teacher. All were born
in Vietnam, Vietnamese being their first language, and had spent an
average of 28 years there. All had taken formal courses in the Viet-
namese language throcyh the secondary schcol level in Vietnam. On

the average, the 12 bilinguals had spent 10 years in the United States.
Ten of the bilinguals had attended accredited American universities

for an average of 4.9 years with the language of instruction, of
course, being English.

A1l 12 had worked either part-time or full time as translators
for an average of 11 years. Surprising to us, all 12 had translated
some technical materials in the past. None, however, had ever <rans-
lated technical materials as a full time job. The materials that they
had translated included a book for a basic electronics course and
manuals for (1) weapons, (2) diesel and automobile engines, (3) a mine
sweeper, and (4) farming equipment. In addition, some had translated

glossaries of military flying terms and psychological terms.

MATERIALS TO BE TRANSLATED

Since one purpose of tnis research was to investigate whether or
not adequate translation between technical English and Vietnamese is
possible, we chose three types of technical materials with which the
bilinguals would work. All three were the types of materials that
must be translated from English to Vietnamese as part of Vietnamiza-

tion. The three types, and a description and sample of each, are:

1. The technical manual for the UH-1H helicopter (TM 55-1520-
210-20). This document was chosen since the translation of
it is critical to a priority item. The document it in the
conventional tech manual form, with each system of the air-
craft covered by a chapter. Tech manuals form the basis of
training programs and are used as texts. They are also used
as working guides by technicians. Criticisms of tech manuals

(summarized by Sinaiko et al., 1969) include:

12




"(a) manuals are organized more for building hardware than

maintaining it, and

(b) many manuals are difficult to read and use, and do not

emphasize troubleshooting for the repairman.

In this research, Chapter 7 on the "Power Train System" of
the UH-1H helicopter was translated by the 12 bilinguals.
A sample from the Chapter follows. Another sample is con-
tained in Appendix A.

7-1. PURPOSE.

7-2. This chapter provides all the instructions and
information necessary for maintenance authorized to
be performed by organizational maintenance activities
on the power train system. The power trainis a sys-
tem of shafts and g2ar boxes through which the engine
drives main rotor, tiil rotor, andaccessories suchas
DC generator and hydraulic pump. The sy tem con-
sists of 2 main drive shaft, a maintransmission which
includes input and output drives and the main rotor
mast, and a series of drive shafis with two gear boxes
through waich the tail rotor is driven. (See figure
7-1.)

The job performance aids (JPA) for the C-141A aircraft. More
spec.fically we used PIMO (Presentation of Information for
Maintenance and Operation), a relatively new method for pre-
senting technical maintenance information. Like other JPAs,
PIMO is formatted differently in the hope of being more
understandable. This new format was designed so that tech-
nicians could read and use the PIMO materials more easily
than the conventional USAF tech order (T.0.). The new format
includes (Goff et al., 1969; Sinaiko et al., 1969):

(a) organization of maintenance tasks based on experimental

analysis of the mechanic's job and of the aircraft

(b) a fixed syntax, including a common sentence structure

and recommended maximum sentence length

(c) a standardized verb list

13




(d) 1limited amounts of information in each maintenance step,

corresponding to empirical studies of the mechanics'

memory span.

PIMO has fewer different verbs, uses shorter sentences (than
the T.0.), and there are many sketches corresponding to in-
structions. There is great interest in the Air Force for the
PIMO type of presentation, and we wanted to see if it offers
any advantages for translation over conventionally prepared
technical orders, In this research, a section of Volume 18
entitled, "Operational Checkout cf Normal, Emergency, and
Parking Brake Systems" was translated by the 12 bilinguals.
Examples from bcth the page giving the description of the
macerial and personnel required, and & set of instructions

for a single task, are presented here.

The excerpts from Volume 18 illustrate the PIMO format:

OPERATIONAL CHECKOUT OF NORMAL, EMERGENCY
AND PARKING BRAKE SYSTEMS

INPUT CONDITIONS
Applicable Serial Nos.

All
Special Tools and Test Squipment

Brake Pressure Tester, 3550018
Push=pull scale

Supplles

Faur malntenonce in progress tags, No. 1492,
Eight circult breaker labels to indicate maintenance in progress.
Three labels to indicate maintenance in progress.

Personnel Required: Two

Man A performs activity in flight station,
Man B starts ot left main londing gedr.
Specialist will be required to operate hydraulic cart when requested.

FIGURE 1. PIMO Material for C-141-A, Page 5-1, Volume 18

14
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‘The following figure, also from Volume 18, shows a set of in-

structions for a maintenance task.

cocrespord to the instructions on the left.

OPERATIONAL. C'EC¥OUT OF NORMAL AND
EMERGENCY BRAL.E SYSTEMS —MAN A

NOTE

Do not continue un‘il man B requests
that hydraulic sys.em be pressurized.

1. Push pilot's and copflot's rudder
pedals until rig pin can be installed,
Install rig pin.

2. Request that specialist apply pres-
sure to No, 2 hydraulic system,

3, Turn three hydraulic system No. 2
switches to ON,

Check that pressure indicator reads
3000 (+ 250) psi.

4. Set brake selector switch to NORM.

Check that normal brake pressure
indicator reads 3000 (x 250) psi.

Report to man B,

NOTE

If one tester is being used by man B |
for check of normal and emergency
brakes, go to next frame. If two are
used, go to Frame 24.

RUDDER
PEDALS

CENTER INSTRUMENT
PANEL

&

0._ L N CTCY =Ty /‘{ﬂ RIG PIN

© 4@ PRESSURE

o B INDIEATOR
BRAKE SELECTOR SWITCH \

e =S|

HYCRAULIC /P o

SYSTEM .

NQ. 2 PANEL .
N

SWITCHES

FIGURE 2. PIMO Material, Page 5-6, Volume 18

The sketches on the right

The USAF's Technical Order for the C-141A (T.0. 1C-141A-2-12).
This document was chosen in order tc compare translations of
the same material written in the PIMO form, described above,
and in the T.0. form, also drscribed above. The qualities of
the T.0. for the C-141A are similar to those of tue UH-1H
T.M., already described. In this research, the 12 bilinguals
translated all or part of Chapter 8 of the C-141A T.0O. en-
titled, "Main Landing Gear Brake and Anti-Skid System." This

chapter covered the same material on the brake system, but in

15
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a differant format, as the PIMO aides. A sample from the
C-141A T.O. follows:

8-22A. PREPARATION FOR NORMAL AND EMER-
GENCY BRAKE S”STEM OPERATIONAL CHECKOUT.
(See fizure 8-4A,) The following steps are required
to prepare for normal and emergency brake system
operational checkout. Refer toparagraph 8-23 for nor-
mal and emergency brake system operational check-
out,

a. Obtain two brake pressure and bleed testers
3550018 and appropriate containers for collecting
bleed fluid.

b. Rumove dust caps from ends of tester hoss.

¢. Remove ANS204-1 bleed valves from brake bleed
ports.

d. Connect the eigh. long tester hoses (4 hoses each
tester) numbered 1, 2, 3 and 4 to brake assembly
bleed purts (4 hoees each side).

e. Place short tester hose into container.

f. Insure all valvee are cloi:i on brake pressure
and bleed tester.

FIGURE 3. Page from USAF Tech Crder, T.O. 1C-141A-2-12

TRANSLATION TASKS

The 12 translators worked on different tasks, and their tctal
time for each translation task was recorded. Some of the tasks in-
volved translation between Englisn and Vietnamese, and some involved
back-translation between Vietnamese and English., The tasks on which
translators worked will be described here since these tasks provided

the raw materials used in subsequent tests of translation quality.

Esch of the 12 Vietnamese-English biiinguals translated or back-
translated for eigh¢ hours. During this time, th=2re were eight dif-
ferent translation or back-translation tasks to be performed. Of the
eicht tasks, all 12 bilinguals translated in at least three tasks,

and 1ll 12 rack-rranslated in at least one task. For the other four

16




tasks, six of the bilinguals translated two more times and the other
six bilinguals back-translated two more times. Table 1 explains the

eight tasks and the numoer of bilinguals performing each task.

TABLE 1. EIGHT TRANSLATION TASKS AND NUMBER OF BILINGUALS
PERFORMING EACH TASK

Task 1

6 bilinguals translate 200 words from UH-1H T.O.

6 bilinguals translate 200 different words from UH-1H T.O.
Task 2

Each of the 12 bilinguals back-translates material he did not
translate for Task 1

Task_z

12 bilinguals form 6 teams of 2 and team-translate acdditional
UH-1H material for 90 minnuwes

Task 4
6 bilinguals translate material from C-141A T.0. for 90 minutes

Task 5

6 bi.inguals back-translate materials from Task 4

Task 6

6 bilinguals translate material from PIMO aids for the C-141A
for 90 minutes

Task 7

6 bilinguals back-translate materials from Task 6

Tasx g

5 bilinguals®* who back-translated in Tesks 5 and 7 translate
materials from either T.O. or PIMO aids for C-141A

NOTE: UH-1H T.0. refers to TM 55-1520-210-20, chupter 7
C-141A T.O. refers to T.0. 1C-141A-2-12, sections 8-22A and 8-23
PIMO aids for C-14]A refers to Volume 18, section 5

"Six bilinguals were given Task 8, but only 5 were able to complete
it.
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All 12 bilinguals worked in qQuiet rooms and had access to an
English dictionary (Webster's Seventh Collegiate Edition). Tasks 1,
2, and 3 (in that order) were performed during a four hour session on
one day, and Tasks 4 through 8 were done on a second day. On the
second day, three translators performed Task 4 (C-141A T.0.) and then
did Task 6 (C-14]1A PIMO materials), while the order was reversed for
the other three trénslators. This was done so that a PIMO and T.O.
comparison would not be confounded with practice, that is, all six
working on one form of English <nd then the other. The order was also
balanced for the six back-translators doing Tasks 5 and 7. Task 8
always followed Tasks S and 7 for these six bilinguals. The instruc-

tions to the subjects were as follows:

INSTRUCTIONS TO TRANSLATORS

We would like you to translate the document that you
have in your hands into Vietnamese. We are more interested
in a good quality translation than in speed, so please take
your time so that you can do the best job possible. Some-
times you may find an English word or phrase that does not
have an equivalent word in Vietnamese. In such a case, you
can do one of two things.

1. "Coin"™ a Vietnamese word or phrase and circle it
with a red pencil. (Make sure that the term
"coin" is understood.)

Dung dich nay oé@3c tidh 13m ri) kim khi?
Circle in red

2. Or, if you feel that you don't want to coin a
word, just write the English word or phrase in the
proper place, and circle it in blue ink, as in the
following example:

Dung dich nay <6¢highly corrosive)kim khif
Circle in blue

Please keep track of the words that you coin. On the
yellow sheet that you see, write the English word or phrase
in the first column, and then write your coined translation
in the other column. The following example will help.
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English Word or Phrase Your Coined Translation

piston p{t tahg
handle throttle cén ngat gid

Please try to ccin a word wherever possible, but remember

that we understand that you will not always be able to coin a
word,

Feel free to take short breaks whenever you are tired,

and to ask questions of one of us, who will be near you,

either in this room, or by a quick phone call to 664 or 667.
(Show phone in room,)

Remember that we are interested in as good a translation
as you can do.

Translation rate for each of the eight tasks was measured by
stop-watch.

MEASURING TRANSLATION QUALITY

Back-Translation

One method for evaluating translation quality is back-translation.
specifically, comparing the original English and the back-translated
English. In the back-translation techrique, the investigator asks one
bilingual to translate from the original to the target language, and
then he asks another bilingual to translate back from the target to
the original. The advantage of the technique is that, as opposed to
other methods that have been suggested (e.g., Miller and Beebe-Center,
1956; Carroll, 1966), the translation evaluator does not have to
understand or speak the target language. A weakness is the fact that
any mistakes in the back-translation may be due either to the trans-
lator or to the back-translator. Thus, even though we evaluate back-
translation to obtain insights about translation, a perfect transla-
tion cen be misinterpreted by an incompetent back-translator, or a
good back-translator car "correct" a poor translation. This is why
back-translation should always be complemented by other techniques,
such as knowledge testing, to be described below.
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Knowledge Testing

"Knowledge Testing™ refers to a method of evaluating translation
quality in which subjects read a translated passage and then answer a
set of questions about the ~ontent of the passage. If subjects can
answer all the questions, the translation is assumed to be a good one.
While the knowledge testing technique resembles the standard reading
comprehension method, it differs in one important respect. Measures
of reading comprehension contain items of graded difficulty, and are
sensitive to individual differences. Xnowledge testing is designed to
elicit perfect scores if the translation is good, and should be in-
dependent of individual differences. Suggested by Miller and Beebe-
Center (1956) and by Macnamara (1967), the technique was first used by
Brislin (1969). The knowledge test method was used in our studies of
translation to Vietnamese since 1t provides another approach to the
assessment of translation quality in addition to comparisons of original
and back-translation, cdescribed earlier. This approach asks, "How well
can people read and understand Vietnamese that has been translated from
English?"™ The knowletge testing technicue requires the researcher to
write a series of questions in English about a passage and have them
translated. He must also secure subjects who will read the passage
and answer the set of questions. Tests must be scored by readers of

Vietnamese, too.

Performance Testing

This technique has subjects perform a task requiring them to use
either English or translated instructions. To the extent that sub-
jects can complete the task, the translation is regardec as equivalent
to the original English text. As in the evaluation techniques pre-
viously described, the experimenter does not have to know the target
language since he only has to assess the product of the translated
performance instructions. Brislin (1969) had subjects complete a pic-
ture using colored pieces of paper, scissors and paste, following
eight separate steps. The task was to produce a picture after reading

instructions in English or one of three Austronesian languages. Since
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virtually all subjects were able to do the task without error, the
translations were termed "equivalent"™, As far as we know, this was

the first use of performance tests to evaluate translated English.

Performance tests can be scored objectively. In the present ex-
periment a very demanding 12-step adjustment task on a portion of a
helicopter engine made up the performance test. Three-man crews worked
together and the nature of the task required them to follow written
instructions with care. Each of the 12 st-=_,s was assessed by a tech-
nically qualified observer as "error free," "minor error" or "majcr
error." (Appendix A contains the complete task as extracted from the
larger helicopter technical manual.)

Performance testing is tile most stringent translation evaluation
technique since it demonstrates the quality of a traaslation by ob-
servable bhehavior of subjects. However, the technique is the most ex-
pensive and time consuming of the three we have used because the ex-
perimenter has to: (a) define a suitable task, (b) have it trans-
lated, (c) provide materials, e.g., a helicopter, (d) secure suitably
trained subjects, e.g., Vietnamese and U.S. Army technicians, (e) have
the subjects perform the task, and (f) obtain the services of ob-

servers who are technically competent to grade the task.

Recapitulation: Three Methods Compared

The experiments reported in this study are based on three ap-
proaches to assess the quality of translation: (1) back-translatior,
(2) knowledge testing, and (3) performance testing. None of the three
methods described requires that the experimenter have proficiency in
the target language, although each approach requires the services of
linguist-translators. Relatively greater demands are placed on trans-
lator services in the first two methods than the last; particularly in
the use of knowledge testing, translators must be used for the basic
English text, the questions to be answered, and as test scorers. Back-
translation puts an analytic burden on the experimenter that is not
present for the other techniques. However, there are no test items %o

be developed for bac':-translation, while such items are at the heart
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of knowledge tests. Performance testing may require that a task be
designec although, as in the present experiments, an available task

was used. In addition to translators, test subjects are required for
knowledye and performance testing; this is not so with back-translation.
Onl. in the case of performance tests are technical experts needed to
evaluate what subjects do. Similarly, special eqQuipment or material

is needed for perfcrmnce tests but not for the other two approaches.

The relative costs of the three methods are probably in this order

sl

(low to high): back-translation, knowledge tests, performance tests.
Finally, confidence in results or validity of the methods is likely in

the same order. Table 2 summarizes the characteristics of the methods.

TABLE 2. COMPARISON OF THREE TRANSLATION EVALUATION METHODS

Back- Knowledge Performance
Characteristic Translation Testing Testing
Experimenter Proficiency
in Target Language No No No
Translators Needed:
Original Text Yes Yes Yes
Test Items No Yes No
Scoring Tests No Yes No
Back-translating Yes No No
Test Construction No Yes Yes (but may
use available
task)
Technical Experts
as Observers No No Yes
Special Equipment
Needed No No Yes
Relative Cost Lowest Middle Highest
Confidence in Results Lowest Middle Highest
Test Subjects No Yes--Any Yes--must be H
reader of trained in
the language the task
22
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IV. RESULTS

This chapter presents the findings of our investigations. The
first set of data summarizes our study of the speed of translation.
This section is followed by the section explaining how to assess
translation quality by means of three methods: (1) back-translation,
(2) knowledge testing, and (3) performance testing. Alsc included is
a short section on how English can be written in such a way as to be
more easily translatable than the materials used here.

TRANSLATION SPEED

The results for translation speed are best presented in graphic
form with the x-axis representing the order in which tasks were per-
fcrmed and the y-axis representing the number of words translated per

hour. Figure 4 shows speed on the five translation tasks that bi-

linguals performed. Figure 5 shows speed on the three back-translation

tasks that bilinguals performed. The tasks are arranged in the order
they were administered.

There is one assumption involved in Figure 4. The fifth entry

on the x-axis represents the efforts of five translators (see Table 1,

Task 8) who translated at Tasks 1 and 3 on Figure 4, but back-translated

two times (Tasks S and 7, Figure 5) instead of translating two times
as did those six bilinguals representing Tasks 4 and 6 in Figure 4,
We assume, however, that the time spent back-translating provided
similar practice to that obtained by translating, and thus we include
them as the fifth task in Figure 4.
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or 12 speed scores, corresponding to the numbers in Table 1.

WORDS PER HOUR

The time designations (or tasks) on the x-axis have either S, 6,

400

300

FASTEST
\

GROUP MEAN

FIRST SECOND THIRD FOURTH FIFTH
{TASK 1) (TASK 3)  (TASKS4&6) (TASKS48&6) (TASK 8)

TRANSLATOR WORK SESSION

FIGURE 4. Speed of Translation

24

) it b




WORDS PER HOUR

400

FASTEST \

300

GROUP MEAN

SLOWEST

FIRST SECOND FIFTH
(TASK 2) (TASKS 5 &7) (TASKS 5 &7)

TRANSLATOR WORK SESSION

FIGURE 5. Back-Translation Speed Scores

It will be noted that the mean translation speed increases as

the number of times a bilingual translates or back-translates in-

creases.

Statistical tests (t-tests) reveal that the differences be-

tween the first and last translation tasks are significant at less

than the .05 level for both translation and back-translation. The

final mean translation speed seems to be about 400 words/hour after

practice during early sessions, and the final mean back-translation

speed seems to be about 450 words/hour after practice during early
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sessions.* The back-translation speed starts at a higher magnitude

than translation speed and continues to be higher after several ses-
sions. The fastest workers can translate over 500 words/hour.*¥
Reasons for the faster back-translation will be discussed below.
More will be said below about the fastest and slowest translators
under the heading "Relation Between Translation Speed and Quality.'
There was no difference between the speed of translating the conven-
tional tech order and the job performance aids for the C-141A.

It is clear from Figure 1 that translation speed increases with
practice. There is little indication, however, whether or not the
average speed could exceed 400 words/minute. Several bilinguals were
asked to translate for several additional sessions (above and beyond
those summarized in Figure '), but they did not exceed the 400 words/
hour rate atter 20 hours more work. However, these men did not have
such aids as a complete glossary, and thus it remains an open question

whether or not good translation aids can increase translation speed _
beyond the rates observed in this experiment.

The 400 word/houvr score is slow compared to the often heard re-
ports of the 12 Vietnamese bilinguals telling us they can translate
simple prose at 1000 words/hour. This latter rate was not verified
in these experiments. Of course, the difference between those scores
lies in the nature of the materials. The technical English translated

here (examples given in the methodology chapter and Appendices)

We know of only one comparable study reporting translator rates for i
technical material (Pierce et al., 1966). The material was scien-
tific Russian-to-English and translators worked at rates of 240
words/hour or about 2000 words/day. Brislin (1969) did not record
exact times, but a rough figure would be 300 words/hour for trans-
lations between English and Austronesian languages (languages of
Pacilic Islands). The material consisted of prose passages about
art, child-:earing and ethnic relations.

This figure is identicel with current experience reported from Viet-
nam: "...The best technical translators can manage 500 words per
hour--it no special problems arise--for about six hours per day..."
(Personal communication, January 23, 1970, froa Dr. Jack von Dornum,
International Training Consultants, Inc., Saigon.)
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is much more difficult than the light prose, of say, a Reader's Digest

article. Much of the time involved in a translation session is not in
translating itself, but rather in understanding such complex phrases

as: "Nose and hydraulic system reservoirs must be properly serviced."

A further time consuming effort is the thinking of or explaining of
technical words like "hydraulic system reservoirs." PEnother example
of an even more difficult sentence is: "Reinstall bolt connecting
actuator to governor control lever, adjusting actuator shaft rod-end
to obtain 0.010 inch clearance between governoi stop arm and upper
stop screw, measured with a feeler gage."

This leads us to an explanation of the faster initial and final
speed of the back-translators (Figure 5) as opposed to the translators
(Figure 4). The translators had to spend time understanding the tech-
nical terms and explaining them in simple Vietnamese. For instance,
the translators looked at tne word "tachometer" and then had to spend
time understanding that this meant "rotation measuring device." They
then translated the latter three words to Vietnamese. The back-trans-
lators had the advantage, then, of not having to spend time explaining
technical terms since they read the simpler phrasings provided by the
translators. For instance, they simply read the equivalent of "rota-
tion measuritg device" in Vietnamese, and wrote down the three word

phrase in English. The back-translators didn't have to use the word
"tachometer" at all.

This transformation of technical English words to simpler Erglish,
and then to Vietnamese, is called "the explain-around technicue" by
the present investigators. Wickert (1957) noted that he experienced
the same technique when he asked Vietnamese to translate abstract con-
cepts. Another example of "explaining around" that we encountered was
the translation of the technical term, "by-pass valve." The simpler
English actually translated was, "a valve used to pass fluid in the
way not normally used."




QUALITY MEASURED BY BACK-TRANSLATICN

Some Vietnamese-English bilinguals translated the technical
English materials to Vietnamese, and others back-translated to English.
The back-translated English was analyzed by one of the experimenters.

This section summarizes his anal,sis about the quality c* the trans-
lations.

The 12 bilinguals translated and back-translated three types of
materials, the T.0. for the UH-1H and C-141A, and the PIMO aids for
the C-141A. The efforts of the 12 bilinguals were explained previously
in Table 1. The efforts of these 12 bilinguals produced 9,558 wordc
cf back-translated English, distributed as follows:
2400 words of the UH-1H T.O.

3436 werds of the C-141A PIMO aids
3672 words of the C-141A T.O.

Designation of Errors

Every word of the back-tianslated English was compared to the
original English, as in the following example:

Criginal English Back-Translateu English
Man A performs activity Mechanic A carries out the
(a test) in flight station testing while in flight

In this example, the only ccmbinetion of words that caused an error

in the meaning of the back-translation as compared to the original
English is the substitution of "while in fliyht" for "flight station."
All other words are judged to be equivalent.

The criterion for an error was simply this: any place in the
back-translation that is not judged to convey the same meaning as the
original English is called a meaning error. Meaning errors could be

of six types:

1. an adlition: a word or phrase in the back-translation does

not have ar cquivalert in the original
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2. minor omission: one or two words from thie original are
omitted from the back-translation, and there is nsthing in

the back-translation to replace them
3. major omission: same as 2, but involving three or more words

4, garbling: three or more words from the original are garbled

in the back-translation and are not understandable

S. minor substitution: one or two words from the original do
not have an equivalent in the back-translection, but there is
4 phrase to replace the original words. Example: the orig-

inal "flight station" is back-translated as "in flight."

6. major substitution: same as 5, but involving 3 or more
words.

Finally, the back-translation could be equivalent to the original and
marked, "O.K."

Our error analysi: does not say anything about the operational
seriousness of an error. We do not know, for example, whether a
substitution error or aclition of words would result in poor mainte-
nance to the extent that a helicopter would operate in an unsafe

condition.*

Specitic Method of Comparison

Each of the three types of technical materials (described in
Table 1) was arbitrarily divided into phrases averaging 8-9 words.
All phrases were either a complete sentence or contained a complete
thought. For instance, the slash separates the phrases in the follow-

ing long sentence, and the second sentence forms a phrase by itself:

fhere is evidence that errors in tech manuals can cause serious ac-
cidents. For example, the loss of a U.S. Navy aircraft, in 1969,
was traced to an improper installation «f a safety wire that, in
turn, was due to "deficiencies in the technical documentation..."
In additior. to the aircraft, eleven lives were lost. (Smith, G.H.,
1970.)
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Open each valve, observing the sight gage/until
sight gage is free of air bubbles, then close.
Repeat for all upper valves on both testers.

Dividing into phrases made it easy to look at a meaningful unit
in the original and to find the equivalence or non-equivalence of that
unit in the back-translation. A given phrase could have more than one
error. Each phrase, then, was tallied into one or more of the six
error categories, or the "0.K." category. In addition, the exact

wording that caused each error was noted.

Since the back-translations of all three types of technical ma-
terials were examined, comparisons among their back-translation scores
can be made. This is possible since either all 12 bilinguals trans-
lated and back-translated the material (as in the UH-1H T.2.), or th=
12 bilinguals were randomly .ssigned to translate or baca-cranslate
the material {as in the C-141A PIMO aids and the C-141A T.0.). Thus,
the quality of the people involved in work on the three types of ma-
terial should be equivaler., and any differences should be due to the

nature of each type c¢f material.

Computation of Quality Scores

The three types of quality scores used in this experiment will

be discussed.

1. The first score is computed by taking the total number of
meaning errors found in each back-translation and dividing

it by the total number of original words translated.

2. The second score is computed hy taking the total number of
different errors found in the back-translation and dividing
it by the total number or original words translated. That
is, since a given back-translation can contain the same error
made more than once (e.g., the term "circuit breaker" omitted
three times), the number of different errors will be less
than the total. For instance, in the above example, the
total score will contain the three omissions of "circuit
breaker," but the different errcr score will contain only

one error for this series of omissions.
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For instance, a score of 4.5/100 words says that for every

100 words of original text there are 4.5 words or combination
of words in error in the back-translation. However, this

score does not tell what kinds of errors were made. For this
reason, a further analysis was made based on what types of
errors were made within each phrase of the technical materials.

This analysis constitutes the thira type of quality score.

3. As explained above, the technical materials were divided into
phrases which were either a complete sentence or a complete
thought. Each phrase was analyzed to determine what type of
error was made within it or whether it was "0.K." If more
than one error was made within each phrase, the more serious
error (in the rater's judgment) was noted for that phrase.
Thus, if a document had 70 phrases (about 560-630 words since
a phrase equals about eight to nine words), a certain per-
centage of the 70 phrases would contain an error, specifically
marked as to which of the six types of error, and a certain
percentage would be "0.K." Cases in which there was more

than one error per phrase were rare.
Findings
Listed below are several examples of what can happen to a passage

of moderately technical prose, taken from Chapter 7 of the UH-1H
manual, "Power Train System."

First, of course, a translation can be accurate:

Original: "leaks occurring beyond relief valve could cause some
indication of low 0il pressure."

Back-translation: "If oil is leaking at the outside of the pres-
sure relief valve, it can activate the warning of oil low pres-
sure."

Second, an omission can occur:

Original: "This chapter provides all the instructions and ir -

ormation recessary for maintenance authorized to be performed
by organizational maintenance activities on the Power Train
System."

31




Back-translation: "This chapter lists all the instructions and
information necessary for the maintenance of the Power Train
System. The maintenance has to be assigned to an authorized
unit." (Note that "organization" is omitted.)

Third, the translator makes 1 substitution:

Original: "...two gear boxes through which the tail rotor is
driven..."

Back-translation: "These gear boxes activate the tail fan
blade."

Fourth, translators garble terms that result in de 'nite changes
of meaning; and leave an ambiguous, sometimes nonsensical, phrase
in the back translation.

Original: "Troubleshooting precautions."

Back-translation: "Preventions while repairing."

The average number of words or combination of words in error per
100 words (quality score 1) and the average number of different words
or combination of words in error per 100 words (quality score 2) are
presented in Table 3 tor each of the three types of technical material.
The numbers of translators and back-translators who were involved in
working on each type of material are also given, as are the total
number of words on which the error scores are based. The reliability
of the back-translation examination technique is adequarte. An in-
deper lent rater examined the 12 back-translations of the UH-1H ma-
terial. Agreement between the two raters resulted in high reliability
coefficients: r = .88 for the number of errors per passage; r = .94

for thz number of different errors.

The analysis of errors by phrase (quality score 3) is presented
in Table 4. The numbers of translators, back-translators, and words
are the same as in Table 3. The "total phrase" figure in Table 4
represents the total number of phrases that all bilinguals working on
that type of material translated. For instance, if a document had 60
phrases and six bilinguals translated all 60, the "total phrase" fig-
ure would be 360.
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TABLE 3. TOTAL NUMBER OF ERRORS PER 100 WORDS AND NUMBER OF
DIFFERENT ERRORS PER 100 WORDS*

No. of Errors* No. of Different Errors*
Type of Material Per 100 Words Per 100 Words
UH-1H T.O.
12 translators 5.5 5.0

12 back-translators
Based on 2400 words

C-141A T.O.
6 translators
6 back-translators 6.9 4.6
Based on 3486 words

C-141A PIMO Aids
6 translators
6 back-translators 6.3 4.3
Based on 3672 wordas

“An error refers to a word or a series of words in the back-translation
that is different from the original.

TABLE 4. PERCENTAGE OF ERRORS AND CORRECT TRANSLATIONS
ANALYZED BY PHRASE FOR THE THREE TYPES OF
TECHNICAL MATERIAL

Minor Major Minor Major Total

Type of Material Addition Omission Omission Garbling Substitution Substitution O0.K. _ilo.
UH-1H T.O. 1.8 14.9 9.8 4.0 13.4 2.2 54.0 276
C-141A T.O. 1.5 10.1 2.5 2.3 31.7 6.0 45.9 397
EUILY 520: 9 2.1 10.9 6.1 1.9 30.3 5.1 43.6 376

Aids

The data in Table 2 are similar for all three types of technical
material, especially the number of "different errors." The striking
feature about the data in Table 4 is the similarity of the seven
scores (six error and one "0.K.") for the C-141A T.0. and the C-141A
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PIMO aids. In only one case is there more than a 2% difference be-
tween corresponding scores. The UH-1H T.0. "O.K." score of 54% is
about 8% above the scores for the two C-141A materials, but this dif-
ference is not statistically significant (p. > .10). There are more
major and minor omissions in the UH-1H T.0., but not a statistically
significant (p. > .10) difference. One other difference worth noting
is the greater number of minor substitutions in the UH-1H T.0O. com-
pared to the two materials for the C-141A. This difference is sta-
tistically significant (p. < .05).

The most striking feature of Table 4, the similarity of the seven
scores for the C-141A T.0. and C-141A PIMO aids, fits in well with
other findings which show that there is little or no difference in
either speed or quality of translation for these materials. In the
section on "translation speed" it was noted that bilinguals tranc’ates
the PIMO aids and T.0. for C-141A with equal speed. In a following
section it will be shown that Vietnamese Air Force enlisted men can
answer qQuestions about a mechanical system with equal accuracy whether
they read the C-141A T.O. or the C-141A PIMO translation into Viet-

namese,

The statistically significant difference in the number of substi-
tutions contained in the UH-1H T.0. compared to the two C-141A ma-
terials deserves discussion. It must be remembered that the UH-1H
materials were translated first. The bilinguals were learning un-
familiar material and made more errors of omission and garbling than
they did later with C-141A materials. Errors of omission and garbling
refer to places in the original that have either an absence of or an
unintelligible corresponding phrase in the back-translation. While
working later on the C-141A materials, they lessen these errors of
omission anc garbling but commit more errors of substitution in which
there is a corresponding phrase in the back-translation. What may be
happening in the later efforts, then, is that bilinguals are attempting
more translations of difficult words, leading to substitution errors.
They are doing this rather than not trying at all or making poor at-

tempts, leading to omissions and garblings.
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Procedures for Dealing With Unfamiliar Terms

Translators in out experiment did cne of three things when they
came across unfamiliar words in English or words for which there were
no Vietnamese equivalents:

1. They left the English word intact in the translation; this is
not a good solution because of low English comprehension
levels among technicians,

2. They transliterated the word into Vietnamese (e.g., "piston"
becomes "p{t tﬁng"),

3. They coined terms to describe, in a functional way, the
English word or concept (e.g., "bypass valve" becomes "a
valve used to pass fluids in the way not normally used.™)

This is the "explain around" technique, previously described,

QUALITY MEASURED BY KNOWLEDGE TESTING

In the knowledge testing technique, subjects read a translation
and then answer a set of questions written about the passage. If the
questions can be answered, the translation is assumed to be a good
one., Knowledge test scores, based on different translations of the

same original material, permit comparisons of translation quality.

Two knowledge testing experiments were run, each using different
subjects and materials.

In the first experiment three translations of the same material
from the Army's tech manual for the UH-1H helicopter were chosen that
were thought to be of different quality. The quality .anking was
based on the number of errors in the back-translation, the quality
assessment procedure presented earlier. That is, translation A had

fewer back-translation errors than translation B, and translation B

had fewer errors than translation C., In addition, a Vietnamese linguist

read the original English and the three translations, and then rank-
ordered the trunslations from best to worst. His rank-ordering was

the same as that based on the number of back-translation errors.
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The knowledge test consisted of 10 questions written about the
passage by the experimenters and translated into V.etnamese. Appendix
B contains the passage and the 10 questions. The same 10 questions
were to be answered after sublects read one of the three translations,
Since the questions were th: same, any differences in the number

answered should be .due to the quality of the translations.

Subjects were 68 Vietnamese Air Force enlisted men being trained
in helicopter maintenance at Ft, Eustis, Virginia. These 68 subjects
were asked to answer the 10 questions after being randomly assigned to
read either translation A (N = 22 men), B (N = 23 men), or C (N = 23
men). Subjects had both the passage and the 10 questions in front of
them throughout the cne-half hour testing session so that memory was

not a factor on this test.

The second experiment was designed to compare the answering of
questions about translations of PIMO aids with those for the conven-
tional USAF technical order for the C-141a aircraft. A single bi-
lingual translated both the PIMO aids and the T.0. He alternated be-
tween sections of one document, then of the other, so that he would
not translate one document better simply tecause he had practiced on
the other.

The questions to be asked about the passages were translated into 4
Vietnamese bv the same bilingual. Six of the questions were the same ﬁ
for the T.0. and PIMO material since the same topic was covered in the
passages under study. (Specifically, the topic was the maintenance of
the normal and emergen~v brake system.) These six questions allowed
a range of 0-21 points. The other questions, also representing 21
points, were different for the PIMO and T.0., i.e., they were unique

to each passage. The "different™ questions were added to increase the

-

oz -

range of scores. An individual could thus achieve a score of 0 to 42.
The major comparison between the PIMO and T.0. would be in the "same"

questions since tiie same bilingual translated all test materials. PRAny
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differences in scores would be i~ the nature of the PIMC aids or the
T.O.
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Subjects were 36 Vietnamese Air Force enlisted men being trained
in helicopter maintenance at Ft. Eustis, Virginia. They were asked to
read either the PIMO or the T.0., and thus there were 18 subjects in
a group. Subjects had both the passage and questions in front of them
for the one-half hour testing session. A1l tests, in both experiments,
were scored by a Vietnamese linguist.

Findings
Table 5 gives the results of both knowledge testing sessions.

For session 1, where a perfect socre is 10, it can be seen that sub-
jects were able to answer more questions about translation A than B,
and more about B than C. This rank-ordering is the same as that found
by errors in the back-translation and by the judgments of a Vietnamese
linguist, Differences among all combinations of the three means (A
versus B, A versus C, B versus C) are statistically significant (p. <
.01). These results show that the knowledge test is sensitive enough

to demonstrate differences in translation quality.

TABLE 5. TRANSLATIONS EVALUATED BY KNOWLEDGE
TESTING: TWO EXPERIMENTS

No. of Mean Standard
Translation Subjects Score Deviaticn

Experiment 1: Comparison of three translations of UH-1H TM

A 22 6.1 2.2
B 23 4.3 1.8
c 23 2.6 1.3

Experiment 2: Comparison of PIMO and T.O. translations for

C-141A
PIMO
Total score 34.8 3.3
Same questions 16.2 3.7
Different questions i3 18.6 1.2
T.O.
Total score 33.2 6.7
Same questions 16.1 2.9
Different questions 18 17.1 4.7
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For session 2, the data towerd the beottom of Table 5 show that
the translation of the PIMO aids and the T.0. for the C-141A allow
the same number of both th2 same (perfect score is 21) and different
(perfect score is 21) questions to be answered. Thus the total pumber
ot questions (perfect score is 42) are also the same for the T.0. and
PIMO aids. The very small differences are not statistically signifi-

cant (p. > .10).
Two points can be noted on the basis of the knowledge testing.

1. The rank orderirg of translation quality according to the
knowledge test is the same as that derived from comparisons
of the original and back-translation. The latter method,
however, is less expensive and less time consuming, since a
researcher does not have to gather Lubjects to respond to a
knowledge test. There is, of course, a trade-off between
confidence in the methods and cost. Back-translation is less
expensive but does not provide as much confidence in quality
assessment A< kncwledge testing. Both knowledge testing and
the original back-translation comparison method seem sensitive
encugh to differentiate among translations of unequal quality.
Note that both the knowledge testing and the Ltack-translation
comparison methods allow a person who Jdoesn't speak Vietnamese

to evaluate translation quality.

There seems to be no difference between translations of the
T.0. for the C-141A and the PIMO aids as shown by the
knowladge test. The translation speed scores and transla-

N
.

tion quality scores (through back-translation comparison)
also showed no cdifferences. Thus, the PIMO type of format
offers no advartages in translatability over the conven-

tional T.O.

RELATION BETWEEN TRANSLATION SPEED AND QUALITY

Translation speed and translation quality have been dealt with

separately in previous sections. In this section we would like to
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summarize our inquiry into whether or not there is any relation be-
tween speed and quality. That is, if a translator is fast, can we
predict how good his translation will be? Or, if he translates with
few errors, can we predict how fast he works?

Correlations were computed comparing the number of errors found
by comparing the original against the back-translation and several in-
dices of speed. Several speed indices were necessary since the back-
translation product is due to two efforts: (1) the original to the
translation step, and (2) the translation to the back-translation
step. Each of these two steps has a corresponding speed score. The
three indices of speed were:

. speed of the original to the translation step

[ACT

. speed of the translation to the hack-translation step

W

. average speed involved in the two steps

The first index, speed of the original to the translation step,
is most important for the analysis of a speed-quality relation, and
the other two indices are clearly of less practical significance. The
other speed indices, however, were compared with the quality score to
examine the relation in more depth. Each of the three speed indices
was compared to the back-translation error score for each of the three
types of technical material. Thus, there were nine correlation coef-
ficients: three for the UH-1H T.0., three for the C-141Aa T.0., and
three for the C-141A PIMO aids.

The correlation coefficient used was the Spearman Rank Correla-
tion Coefficient (Siegel, 1956, pp. 202-213). A Spearman coefficient
of 1.00 would show perfect correiation between speec " quality (the
fastest are the best and the slowest are the worst)., A coefficient
of -1.00 woulc show perfect agreement in the negative direction (the
fastest are the worst and the slowest cre the best). A coefficient

of 0 (zovro) would show no relation between speed and quality.
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Findings

The range of the nine correlaticn coefficients, all shown in
Table 6, was r = -,88 to r = .50, The only statistically significant
coefficient of the nine was che r = -.88 figure. There is an indica-
tion that conveniionally written technical material for the C-141A
tended to be translated more accurately by the slower translators and,
conversely, the faster translators were less precise.

TABLE 6. CORRELATIONS BETWEEN SPEED AND QUALITY FOR TRANSLATIONS
AND BACK-TRANSLATIONS

Type of Technical Material

Translation Step UH-1H T.O. C-141A T.0. PIMO for C-141A
Speed of Origi il to
Tra~slation -.on -.88 .23
Speed of Back-Transla-
tion to Translation oSl .03 LB
Averac~ Speed (Combined
Fo...ard and Back- -.21 -.60 .14

Translation)

With that on- exception there seems to be little relation between
translation speed and translation quality. Whether a translator is
fast or slow, we can tell little about the quality of his translations,
L.kewise, whether his translations are of gocd or bad qualicty (as
shown by back-translation error scores), we can tell very little about
his speed. The factors of translation speed and of trarslation quality
seem to be independent. Perhaps the indepz=ndence betweer speed and
quality reflects the restricted range of translator ability. If a
wider range of skiil were sampled a speed-quality relation might be

demonstrated.
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QUALITY MEASURED BY PERFORMANCE TESTING

Although it is a much more expensive and time-consuming approach
to evaluating translations, the technique of observing men work with
translated material comes closer to an ultimate criterion of the value
or translations than any other method. In addition to being slower,
the administration of performance tests yields relatively less data
than the other techniques we have used. But, the techrique is at-
tractive because it provides straight-forward information that is easy
to interpret: men do a task which is dependent on written material
and their performance is objectively scored. Good performance means
that the writing was useful and vice versa. In our experiments, teams
of technicians carried out a very demanding adjustment task on a por-
tion of the UH-1H helicopter main power plant.* Observers, U.S. Army
sergeants who were both experts in helicopter maintenance and instruc-
tors on the system to be adjusted, assessed each of 12 steps in the
task as "Error free", "Minor performance error", or "Major error."
"Minor error~<" were those steps that the crews did wrong, but then
norrected themselves; "major errcors" were noted if crews did not know
how to proceed or if their performance was so far off that it required

intervention by the observers.

In addition to error scores, we recorded the time taken by each
crew to do che 12 steps in the adjustment task. (In one translation
condition, in which major errors were frequent, time measurement be-
came impossible because the observers had to step in often to assist

the crews.)

There were four experimental lanc ige corditions: (1) the stardard

vr original English technical mancsl; (& a very high quality transla-
tion, and (3) and (4), two lesser grades ¢’ translation. The high
quality translation was produced as follows: two of our best trans-

lators each worked independently, then they reviewed each other's work

*
Sect. 5-391 "Adjustment--Power Turbine Goverror RPM Controls,™" U.S.
Army Tech Manual TM-55-1520-210-20. (See Appencix A for English
and V.._tnamese texts.)
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and wrote a "consensus" translation., Finally, our linguist consultant
reviewed and modified their ccmbir~d effort. The translators had
available two bilingual glossaries of technical terms, i.e., helicopter

and automotive.* (We refer to this translation as "supervised.")

The first of the lesser quality translations was done by a free-
lance, highly qualified translator to whom we gave copies of the same
technical glossaries mentioned above. This man was paid a fixed fee
and he worked without review. (We call this the "free lance transla-
tion.") The second of the lesser qQuality translations was obtained by
contracting with a Washington translation services company tfor a fixed
fee to have the approximately 1000 words of English translated. We
had no control of the method used by the traaslator nor did he have
access to any glossaries or other aids. Since he was paid a fixed fee, :
we assume the translator worked as fast as possible. His work was not 2
reviewed. (We call this the "commercial translation.") It is important
to note that both the free lance and commercial transiators wexre highly
qualified translators, each being a member of the staff of the Voice |
of America. (Appendix A contains copies of the original Englisn corpus ;3
and the best translatiocn.) ]

Crews used as subjects w2re assembled from two groups of men at
the U.S. Army's Transpcrtation School, Ft. Eustis, Virginia: ()
Vietnamese airmen who had just completed the Army's aircraft main-
tenance and helicopter repairman courses, and (2) U.S. Army enlisted
technicians who were also newly graduated from the same cnurses. Viet-
namese airmen were assigned randomly to one of the four language con-
ditions. Four classes of VNAF airmen furnished subjects and we have
assumed that there were no qualitative diiferences among or between ;
these groups. In each language condition shown there were six three-
man crews, each of which worked independently.** The American Army

technicians, who worked in English, are included for comparison.

Ft. Eustis, Virginia, 19€9; Training Aids Division, 1867.

e
Nata for one crew, commercial translation, were lost because that
crew was unable to follow tvhe translation.
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Findings
Table 7 illustrates several striking things about translated
technical material.

TABLE 7. PERFORMANCE TEST RESULTS: ACCURACY

Error Major Errors

Experimental Condition Free, % Committed, %
Vietnamese: Supervised Translation 73.1 5.6
Vietnamese: Free-Lance Translation 40.3 4,2
Vietnamese: Commercial Translation 11.0 37.0
Englishk (VNAF Subjects) 40.7 20.6
English (U.S. Army Subjects) 73.2 0.0

First, it is clear trat working in one's own language, even in
translaticn, is significantly better than having to use a second
language. The difference is significant by chi-square at less than
the .0l level. However, an important qualification is that a transla-
tion must be high quality. Second, the performance task is sensitive
to the quality of translation: commercial quality produced much higher
rates of serious errors than the English text. That is, the Vietnamese
airmen worked more effectively with English than they did using a poor
translation (p. < .05). Third, the quality of translated technical
documents, as measured by performance, is directly influenced by the
procedures of the translators. Thus, using a group of men who were
approximately equal in their bilingual abilities as translators we
were able to produce very different levels of material. The mode of
compensation, i.e., placing a premium on speed, was one procedural
variable. The availability of bilingual glossaries of technical terms
was another, and probably the most important, reason. Incorporation
of team translation and a review procedure seemed to make a difference.

Fourth, the careful translation procedures outlined here can lead to
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documents that allow Vietnamese mechanics to perform as well as U.S.
Army mechanics.

As an example of what can happen to less than thorough transla- %
tion, a partial analysis of the commercially prepared document showed

ar least two serious errors: (1) an entire sentence was omitted from
one pdaragraph; and (2) the translator substituted ",..British centi-
meters..." for the correct "...inches..." each time a measurement di-

mension was given.

Where it was possible to mak~ measures of time required for the
performance task, working in a familiar language was advantageous
(Table 8). While it is clear that the VNAF subjects working in Viet-
nai.2se spent less time than when they worked in English, *he time
measures within the three Vietnamese translation conditions do not
lead to straight-forward interpretation.

TABLE 8. PERFORMANCE TEST RESULTS: SPEED

Mean Time,

Experimental Condition Minutes
Vietnamese: Supervised Translation 37
Vietnamese: Free-Lance Translation 27
Vietnamese: <Commercial Translation &
English (VNAF Subjects) 45
gnglish (U.S. Army Subjects) 22

"Excessive error rate precluded making meaningful
measures .
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SUBJECTIVE OPINIONS AND TRANSLATION QUALITY

An interesting fact emerged from discussions with some of the Viet-
namese airmen who used the best translated material. Most of the men
we talked with after they had worked on the performance task expressed
a dislike for the translations. The principal objection seemed to be
that there were unfamiliar Vietnamese terms used for some of the tech-
nical English words. To paraphrase the words of some subjects, "...we
did not understand all the Vietnamese words. We would prefer to use
the English manual on which we had been trained." It is particularly
noteworthy that, in spite of their expressed dislike cf even the best
quality translation, the measured performance of these airmen was
nearly equal to that of the American technicians. Similarly, we asked
two bilingual readers (one of whom was an expert in helicopter main-
tenance) to review and comment on one of the unaided commercial trans-
lations. Both of these men thought that the document was "pretty
good." However, in practice, it produced the worst performance of any
of the language conditions. The point we wish to underscore is the
discrepancy between subjective assessmer : and performance testing as
ways of evaluating translations. The verbal reactions of our subjects
and of the linguists were reversed whern we went to performance obser-
vations. as shown in Table 9.

TABLE 9. ASSESSMENT OF TRANSLATIONS: SUBJECTIVE
JPINION VERSUS PERFORMANCE

Subjec*tive Opinion Performance
VNAF - "Don't like translation" Very Good
Bilingual reviewers - "Not bad" Poor

Clearly, subjective opinion and performance co not predict the
same thing and we strongly endorse the latter method as the more valid
way to test translations.
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V. COST OF TRANSLATION

Not orly are skillful translators in short supply, but their
services are expensive. We paid eacii of our 12 Vietnamese translators
$6.00 per hour. At a daily rate, and assuming productivity of 2400
words of technical material processed per day by a single translator,
1000 words of English-to-Vietnamese would cost about $27.00. This
figure does not include review or other quality control costs or over-
head.

Commercial translation services are available, but are in very
limited supply for technical material., The free-lance translation and
the commercially supplied translation (used in the performance test)
cost $30 to $32, respectively, for just under 1000 words. Again,

neither of those products was reviewed for accuracy.

Some data are available or translation costs for languages other
than Vietnamese. Based on a 1985% analysis of the USAF Foreign Tech-
nology Division's experience with translating scientific Russian to
English, 1000 words cost about $40. This is based on an in-house,
i.e., Civil Service, translation staff and about 60% of the figure
goes to salaries. Since the average middle grade pay has increased
approximately 75% since the Pierce Committee's report, a reasonable
current estimate would be about $60 per 1000 words of scientific

Russian,

We believe that the costs incurred in the present study for the

best quality translation, i.e., $140 pex 1000 words, could be reduced

%
Pierce, J.R., et al., "Language and Machines," National Academy of

Sciences, Washington, D.C., 1966.
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by about half. The means for achieving a lower rate are beyond the
scope of this study but we suguest, tentatively, that the following
steps would serve to provide a high quality, reasonably priced English-
to-Vietnamese translation service: (a) compensate translators on a
piece rate basis but insist on quality work; (b) spot check quality
via one or more of the techniques described in earlier sections of
this report (e.g., back-translation or knowledge testing®) and adjust
compensation to the results of the quality check; (c) always have
every translation reviewed by the best available bilinguals; (d) de-
velop and provide bilingual technical glossaries covering the substan-
tive areas being translated; (e) when feasible, try to provide some
technical indoctrination for translators such as a brief orientation

course, demonstrations of the equipment, and so on.

“Perfomiance testing is too expensive to be used as a regular
control.
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VI. WRITING TRANSLATABLE ENGLISH

H ving demonstrated some of the errors that cccur in translation,
we ask. 1, "Can the original technical rnglish be written so that it is
more easily (i.e., accurately) translated?" To provide tentative
answers, the back-translations of 12 Vietiramese bilinguals were in-
vestigated in order to see what problems they encountzred. If cer-
tain aspects of the original English (such as the usc of long sentences)
often caused translation problems, it could be assume. that these as-
pects should be changed in order to secure good translations in the
future. Each time there was an error in the back-translation, we
looked at the original English to decide what caused the poor transla-
tion. Perhaps the problem was long sentences. If the monolingual
iinds that the same aspect, long sentences, causes errcrs in different
parts of the original English text and causes errors by different
translators, then he can assume with some confidence that the aspect

¢nes indeed cause poor translations.

This method of examination was applied to the 9558 words trans-
lated and back-translated by the 12 Vietnamese bilinguals. Eight as-
pects of the original English seemed to cause problems, and these
problems can be alleviated by rewording the English. The findings
permit a list of rules for writing translatable English to be formed.

Based on our analysis of back-translations, the following rules
for writing translatable English can be suggested. All examples are

from the corpus described in Chapter TII, "Methodology."

1. Use short sentences of less than 16 words. Our analysis

demonstrated that sentences of more than 16 words translated

poorly.
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2.

Separate nyuns rather than string them together. 1t is wrong

to write such phrases as: "organizational maintenance
activities"; "low oil p.essure indication"; "ground safety

pins"; "trouble-shooting precautions.,"

Use the active rather than the passive voice. Several pas-

sive voice forms that were poorly translated are: "will

not be shown by; must be installed."

Write words completely rather than abbreviate. These ab-

breviations led to confusion: "D.C., Landing Gear Cont."

Avoid adverbs and prepositions telling "where" or "when" if

possible. These prepositions and adverbs were poorly trans-
lated: "reasonably probable’; "frequent"; "beyond"; "upper.”

Avoid possessive forms where possible. Examples are: '"sys-

tems and components of power train'"; "dust caps from ends of

tester hose."

Use one-syllable rather than poly-syllabic modifiers where

possible. Examples of poorly translated poly-syllabic modi-
fiers are: "indicated oil pressure"; "unusual chain of

events."

Use sprcific terms rather than vague words. These vague

words were poorly translated: "properly serviced"; "install"
(how install?); "fluid" (what kind of fluid?).

Several phrases in the corpus were translated perfectly by all
bilinguals. A few of these will be listed. Note how they follow the

above rules almost perfectly.

Lo

2.

"This chapter provides all the instructions and information."

"Effects of an o0il leak will depend on its location in system

and rate of leakage."”

"Man A and Man B should be in communication with each other

during the test."
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4. "Open each valve, observing the sight gage until sight gage
is free of air bubbles, then close." (NOTE: The redundancy i
of using "sight gage" twice is good practice in writing
translatable English.)

A Lt TSt

One phrase was translated very badly by all bilinguals. The
rules this phrase breaks are noted in parentheses. :
Install the pilot's and copilot's (rule 6)
rudder pedals behind (rule 5) the rudder tension
regulator (rule 2)."
Finally, certain aspects of the PIMO materials in their present
form translated well.

1. The command form of the verb in the PIMO aids prcwvided gocd

translations, e.g., "place short tester hose"; "repeat for

oy ey

all upper valves."

2. When the other eight rules were followed, the short sentences
in the PIMO aids translated well.

We suggest that the foregoing rules, applied to manuals in the
English language and intended for use by U.S., military personnel,

will improve their readability as well.

o St - ekl ettt 4. Al A
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APPENDIX A

. UH-1H TECHNICAL MANUAL
(TM-55-1520-210~20), Section 5-391

and

BEST VIETNAMESE TRANSLATION
(Referred to in Text as "Supervised Translation")

NOTE: Steps b. through m, formed the performance
test reported in this paper.
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5-391. ADJUSTMENT - POWER TURBINE GOV-
ERNOR RPM CONTPOLS.

a. Be sure collective pitch control system
rigging has been completed.

b. Lock col'~~tive pitch control stick in full
down position and. i..just drocp compensator control
tube (2, figure 5-77) to align center of bolt hole in
aft arm of torque tube {(4) approximately level with
top of support bracket (11). Due to shimming, man-
ufacturers tolerance, etc., variation of 0.250-inch
from top of supnort bracket is possible and accept-
able. (See detail B.)

c. Set cam adjustment (15) to middle of slot.
(See detail D.)

d. Move collective pitch control stick to full
up position and lock.

e. Adjust control rod (12) attached to cam
bellcrank so that approximetely 0.25-inch of cam
slot is visible below cambox housing for T53-L-9,
=9A, -11, and -11B engines; 0.38-inch for 153-1-
13 eugines.

This is a nominal setting and is subject
to change, if pe~essary, in following steps.

f. Check installation of governor control lever
(17) as pearly at 90 degree angle to stop arm as
serration alignment permits. (Refer to paragraph
5-386 step a.)

g€  Adjust upper governor stop screw to 0.250-
inch for T53-L-9 and -9A engine; 0.210-inch for
T53-1-11, -11B, and -13 engines, measured from
inner side of mounting boss. (See detail C.) Remove
and discard lead seal on lockwire, if existing.

Note

Never shorten either stop screw on gov-
ercor to less than 0.060 inch length from
inner side of boss.

57

h. Disconnect actuator shaft from governcr
control lever (17) by removing bolt.

i. Electrically position actuator shaft to ap-
proximate midpoint of stroke.

(1) H actuator with two adjusting screws is
installed, turn both positive stop adjusting screws to
obtain maximum stroke (see detail E), Reduce stroke
by turning each screw ten full turns away from
maximum adjustment to obtain actuator nominal
postion.

(2) I actuator with single adjusting screw
is instalied i is not necessary to adjust positive
stop screw to obtain nominal position. Positive stops
~an pbe adjusted, if necessary, for travel of 0.500
inck to 1.75 inch without chanZe in nominal position.

Note

One full turn of the adjusting screw will
cause a change in both the retract and
extend position of .032 inch. (See detail
E.)

Set actuator travel to: 1.38-inch for
T53-L-9, -9A engines; 1.25-inch for
TS53-L-11 series engines; 1.20-inch for
T53-L-~13 engine.

j. Fully retract actuator shaft by n:lding GOV
RPM switch to INCR, Move collective stick to full
up position.

k. Reinstall bolt connecting actuator to gov-
errnor control lever, adjustin_ actuator shaft rod-
end to obtain 0.010 :ck clearance between governor
stop arm and upper stop screw, measured with a
feeler gage. (See detail C.) If necessary, reposi-
tion contro. lever one serraticn on governor shaft
to accomplish this adji: uaent wh'le keeping safe
thread engagement of 10d -cnds.
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Note

When tightening jamnut on actuator shaft,
center rod-end In clevls of lever so that
self-allgning bearing will absorb any ro-
tation of shaft.

1.  Fully extend actuator shaft by holding GO\
RPM switch to DECR. Lock collective pitch contro)
suick in full down posltion.

m. Adjust lower stqp screw for 0.010 Inch
clearance with gover r stop arm, measured witha
feeler gage. Remove a.d dlscard lead seal on iock-
wire, if existing. Observe minimum length limita-
tion. (Refer to Note under step g.)

n. On inltial ground run, with collective pitch
control stick full down, check for 6000 to 6700

(£50) rpm range controlled by GOV RPM switch.

If necessary, readjust actuator stroke length to
obtain required range, repeating clearance checks
and adjustment at both governor stop screws.

0. Make final adjustments of droop compen-
sator cam as requlred by flight checks. Set cam to

5-386.
TROL LEVER.

maintain 6600 nIl rpm (plus or minus 40) from full
low pitch to full power. f rpm droop occurs, rotate
cam counterclockwise toward maximum compensation.
If maximum compensation adjustment does not cor-
rect droop, lengthen control rod (12) to {ncrease
amount of cam slot showing below housing. Be sure
roller does not bottom out at end of cam sintin
either extreme of travel.

Note

Readjust governor stop screws for clear-
ance after any change in rigging.

INSTAL.LATION - ACTUATOR AND CON-

a. Place control levar (17, figure 5-77) on
governor control shaft (i) as nearly at 90 degroe
angle to centerline of shaft stop-arm (19) as ser-
rations permit. Install retaining bolt, with washer,
from aft side into lever and through saaft groove.
Lock-wire bolt head to shank of lever.

1. Collective Pitch Bellcrank 8. Shims 15. Cam Adjustment

2. Control Tube 9. Retaining Washer 16. Linear Actuator

. Bracket Assembly 10. Firewall Seal 17. Control Lever

4. Torque T ibe 11. Support 18. Governor Control Shaft

5. Shear Fitting 12. Control Rod 19. Shaft Stop-Arm

6. Belicrank 13. Cambox Bracket 20. High RPM Stop

7. Shear Pir 14. Tambox Assembly 21. Low RPM Stop

205060-10D
Figure 5-T7. Power turbine governor rpm controls (Sheet 1 of 2)
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Figure 5-T7, Powsr turbine governor rpm controls (Shest 2 of 2)
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4-391 Cach Diéu Chinh - g Phin Dieu l(hien Vong Quaz B '.l‘iet Che Maz Pha

Luc Tua-Bin

o J / ? - 3 Y
a. Kiem laj cho chac he thong d8i sai chung da dudc rap xong.

D, Khoa can do:. sai chung vao vi t:ri cao nhat:, va dieu chinh ong ditu k.hi,en
bo bo:. hoa’n‘}‘(‘é, ‘hinh 5-77) dé sua cho t:rung tam cua 13 bu-lon s t:ay sau cua ong
soan (4) gan cao ngang voi d1hh cua gia do (11) M3 co 1a chém va do dung sai

cua nha san xuat:, van van... nén sy xé dich khoang 0,250 phan Anh (inch) td dinh

gia dd co thé xdy ra va cung chip nhin dd@c (Coi chi tiét B)
- ° = » v‘ ~ A ’l
¢, Xoay b(_“: diéu chinh cam (15) vao chinh giva 16 mong (Coi chi tiét D)
d. Xeo cin déi sai chung xudng vi tri thip nhat va klw’a lai, o
i R N
. )
2 n/m: )‘,’;‘7-.
e. Diéu chinh then diéu khien(12) gan lien véi tay chuyen e cam de _ /
khoang025 phan Anh cualomongcammy, Co dphl.u du.toi hop

dia cam cho cac loai déng cd TS3-L-9, -9A, -11, va =11B ; khoang 0.38 phan Anh
cho cac loai dong c. T53-L-13. .

Tren day ia cach sap dat thong thuong, va néu can, co the duoc thay doi
theo cac bude chi.ddn sau day:
l..»
hu '
f. K:.em d:.em lai v:.ec\:fap can diéu khien bo tiet che (17) co dung gan goc
" 90 do doi véi tay ham ¥ . viec diéu chinh sd . cua dubng riang cia cho
phep (Coi lai doan 5-386 budc a,) -('h,_%’ng hamf

g. Diéu chinh 6¢ ham mn cua bo tiet che’ khocng 0.250 phan Anh cho loai dong

co TS3-L=-9 va -9A ; khoang 0. 210 phan Anh cho cac loai déng co TSB-L-ll, -u.B )
va -13, do i ph1a ben trong cua 101 gan trb ra (Coi chi tist )4 Thao bo kep chi
cren giay kem ham néu co.

GHICHU

i)u.ng bao giovanba.. cdoehamnao trenbotietchemongqua mlc
OOGOphanAnhketdphhmngloigant'nbrl.
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h. Tach t:ruc tac dong whoi cin didu khion bo tidt ché’ (17) bang cach thao
bo bu-lon

i. Dungdien x08y truc tac dong vao vi tri gan dung trung diSm cus thi
chuyon dong

(1) Néu xui dung bo tae dong co 2 oc d: chinh thi van ca 2 ¢ ham dieu
chinh duonnge co dtloc thi chuyen dong toi da(coi Tchi net E). Hay giam

thi chuyen dong bing cach vin ngude mbi 6¢ ham 10 vong khoi vi tri di®u chinh.
.20 toi da de co dise vi "r:. tac dor.g thong thddng. -

(2), Nén xi dung bo cac dong co-mdt oc dieu chinh thi khoi can phai dieu
chinh oc ham dieu chinh ddéng‘d; co vi tri” thong thdong. Néu can, cac nac
ham didng co thé dude diéu chinh déat chuyen trong, vong 0.500 phin Arh
dén 1.75 phin Anh ma khong cin phai thay d6i .. tri thong thidng.

' GPI CH(]
Mot vong xoay cva ¢ dida chinh se 1am thay déi ca \'i tri thu hep va
n6i. rong Phoang 0.032 phan Anh (coi chi tiet BE)

" o

4

GHI CHu
-Dieu ch:lnh khoang di chuyen bo tac dong nhi sau: 1.38 phan Anh cho cac
dong cd T53-1L-9 va =9A 3 1.25 phan Anh cho loat dong cd co 80 l.oai
T53-L-11 ; va 1.20 phan Anh cho dong e¢d T53-L-13.

Je 'l‘hu hep truc tac dong han lai bang cach g:.u cong-tac tang g:.am vong quay ,

. bo tiet: ché’ & vao vi tri TANG (INCR). ~Day can dox sai chung 1én vi tri cao nhat,

k. Gan lai cay bu-lon noi bo tac dong vao E dieu khien bo t1et che, d:.eu
chinh diu tryc quay bo tac dong dé'co ' dide khoang cach 0.010 phan Anh giua tay
hambof'iet che vaochamtren, va do khoangcachnay bangthuoc‘é’ékhe ha.,
(Co:l chi tiet C) Neu can, dat lai vi t:ri can diéu’ kluen sang laot nac rang ca
4 tren truc Quay bo tiet che 3; hoan tat viec dién chinh nay, ma vén gid cho-.
mcankhbpcua chioobhaidautrucchlocancom

4
GHI cnu
xhi xiet chat oc cl"an tren i:ruc tac dong, hay dat dau truc vao gida chu
cua can dieu Kkhién d& cho & bac dan t:u chinh co t:he chiu diing dude moi

hudng quay cua true,
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1, No:. rong han truc tac dong bcmg cach giu cong-tac tang giam aong quay bo
ti.ct che 6 vao vi tri GIAM (DECR), Xhoa can doi sai chung vao vi i’ thip nhat,

m, Di.eg chinh oc ham phi.a duoi de co khoang trong 0.010 phan Anh doi voi tay
ham bo tiet che, va do khoang cach nay bang thuoc do khe hb 'nwo bo kep chi
tren g:.ay kem ham , heu co, Hay ton trong giéi han toi thieu vé chidu dai (coi

ghi chu & buée g.)

n. ,.Khi cho chay thd 1Lc ddu d dubi dat ve dé' can o1 el chung 6 vi tri thap
nhat: hay kiem d:.em cam quay t\l 6000 toi 6700 RPM (+° hay- 50) do cong tac tang
giam vong way bo tiet ché’' chi phéi., Heu can, diéu chinh 1ai thi chuyen dong
cua bo tac dcng da" co dioce t:am quay cin ..hiet, déng thai kiénm diém lai khoang
cach va diéu chinh ca hai oc ham bo tiet chd.

P
0. chinh 14n chét dia cam ('ua bo b4i hoan gtam .
toc theo quy luat phi hanh i)i.eu chinh cam de co the duy eri tam quay 6600 nII
RFM (+ hay - 40) khi chuyen tu sai thap nhat £é?, toc luc ¢ , nhav, Neu 84 vong
quay mo:. phuc bi gi.am di, hay van dia cam ng\léc chieu kim déne ho vé phia dé
bo chmh toi da. Neu viée diéu chinh lai dé bo chinh téi da ..\ chua, diiée sd
giam tqc do, hay' keo dai then dieu khien (12) dé gia tang phan 18 mong dia . am
nhin chay é ph:.a ddoi hop dungd Hay can thin ddng de cho con 1an thoi dau ra
&' cudi 15 khia dia cam méi khi di chuyenhan ph:la bén nay hay phia bén kia.

.t
GHI CHU |
Hay dieu ch:.nh lai cac oc ham b tiet ché 'y co dide khoang cach cén
thiet sau mdi 1dn thay dbi trong viec up ndi né thong‘




Translators! Coined Terms

? -
he t:hong j%i sai chung
bo b01 hoan gum t:oc

Collective pitch control

DProep corpensator

Governor. 8 Bo tiet che

Stop Arm s Tay Ham

Actuator : B tac dong

St- oke :- thi chuyét'\ aaqng

Travel - khoang di chuyen --
Feeler gage : thdgc da khe h’o

Jam nut : 8¢ chan . )

Clevis ¢ nang, chia

Positive stop adjusting screw : bc hdm d'ieu chinh dddng - a.(c,
self aligning pearing : bac Tan td chinh
retaining bolt s bu-lon ham

Firewsll sea) ¢ vanh che '\qan 1da-
Shear fitting : cd phan rap khft
Shear joint : cach rap chot
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5=386 CACH LAP RAP - EO TAC DONG VA CAN DIEU XHIEN

a. Dit can diéu khién (17, hinh 5-77) 14n truc didu Khién b6 tiée che'(la)

- toi goc gan sat 90 do dei voi duong vach gi\h cua tay ham t:ruc {19; tdi muc

duong rang r'ua cho phep. Lap bu-lon ham vbi vong chém td | ph;a sau vao can

diéu nhien va xuyen qua dibng soi cua truc, Dung gidy kem khoa ddu bd lon
vao ddu cén disu whién,

.

' Hin h 5-27
1. 'ray tru,'en 1uc sui chung .
2. Ong dieu kh'len . *

3. Bo g1a lap

4, Ong coan

S. Co phan ra'p khi:t 2

6. Tay uyen ldc s

7. Chét Bx te ofe

8. La chém, vong chem

9, Vong dem hain

10. Vanh che ngan 105

11, Gis d& ' N
12. Then d;eu kh:.en '
13, Mau gun hcp cam

14. Toan bo hop cam

15. Ditu ctl{nh dia cam

16. BS tac dong co truc chay thec duong t:hnng

17. Can diéu kh:.en

14. Truc diéu khién b tiét che’

19 Tay ham truc

20. Oc ham dé quay t:mn

21, Oc nam d5 Quay ddbi
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NOT REPRODUCIBLE ' Diéu chinh oc-hanm trén:

0.250 cho cdc dong cd loai
T53=L~-9/9A oo

0.210 cho cac dong cé loai

'|| T53-L-11/115,/13_(79

CHI_ TIET E - Cach diéu chinh
thi chuyén dong b tac déng

ce
for nec

-4 F
'Tanq, gidm |
u chinh dé Diéu chifih néu can,
thi chuyén dong Mot vong xoay tao .
téi da. Quay'nqudc Ta mdt khnéng di «
i10 vong td gdd - chuyén 0.032 phan Anh

L)

& han e’ oa' hai 56, ham
(15) D6 bS chinh toi da

n,
CHI TIET D .,
Cach diéu chinh
hép cam

M el s

.25 cho cac dong cé
753-L-9/-9A/-11/-11B

8 cho dong cé T53-L-13

»l.
CHI TIET B. , .

Vi tri’ 1dp 4 mic sai
chung cao nhiat

- Nhi; phifx sau
N

205060~-10D
AV 054110

~ . " " .- D ‘Vo
Hinh €277, BQ;phan diéu khién vongquay,
phat h.ic tua-bin (T¢ 2 cua“2 trang)

A ./ PN
bo tiet che may

-
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CHAPTER 7

FOWER TRAIN SYSTEM

SECTION|1 SCOPE

7-1. PURPOSE.

7-2. This chapter provides all the instructions and
information necessary for maintenance authorized to
be performed hy organizational maintenance activities
on the power train system. The power train is a sys-
tem of shafts and gear boxes through which the engine
drives main rotor, tail rotor, andaccessories suchas
DC generator and hydraulic pump. The system con-
sists of 2 main drive shaft, a main transmission which
includes input and output drivec and the main rotor
mast, and a series of drive shafts with two gear boxes
through which the tail rotor is driven. (See figure
7-1.)

7-3. TROUBLESHOOTING - POWER TRAIN

7-4. Chart below is a brief summary of power train
troubles which may Y%e encountered in organizational
maintenance. Conc ions and possible causes listed
have been limited tothose reasonably probable (though
not necessarily frequent in normal service) which
could become known through pilot reports or by in-
spection methods applicable in organizational mainte-
nance, and which would be subject to ~ 2 evaluation

at this level, zithough final cor. ction by a
higher level might be required ..< instances.
Conditions involving obvious m- - amage are omit-

ted, as are those caused by . : .ent or an unusual
chain of events which would require evaluation by a
competent authority. Notes below provide information
in addition to that available in trouble shooting chart
and in maintenance instructions for systemsand com-
ponents of power train.

INDICATION OF PROBABLE CORRECTIVE
TROUBLE _CAUSE ACTION
TRANSMISSION:
Low oll pressure

(1) On caution panel or
pressure gage, but not both -

(2) Shcwn by both . aution
panel and gage

Faulty caution pazel or gage
circuit or unit :

Pressure reiief valve
malfunctior

Clogged pump screen

Faulty oil pump
Leakage or restriction between

pressure relief valve and trans-

mitter

Repair electrical circuit
or replace faulty unit

Adjust or replace valve
Clean screen, check oil for

chips or contamination

Replace pump

Repair oil line connections
or replace seals

No oil pressure

(1) With normal oil level

(2) No oil supply

Faulty gage or transmitter cr
carcuit

Oil pump fallure

Leak in system or failure o
service

Repair circuit or replace
faulty onit

Replace transmission or if
transmission is not internally

damaged, replace pump only

Replace transmission. Also
replace cooler, flush and
repair external lines

Grease leakage at tail
rotor drive coupling

Damaged seal

Replace seal in quill
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INDICATION OF
TROUBLE _

High oll pressure

PROBABLE
~CAUSE

Faulty gage or transmitter or
circuit

Pressure relief valve
malfunction

CORRECTIVE
~ACTION _

Repair circuit or replace
faulty uni

Adjust or replace

High oil temperature

(1) On caution panel or
temperature gage, but not
both

(2) Shown on both caution
panel and gage

Pressure relief valve
malfunction

Faulty caution panel or gage
circuit or unit

Obstructed air flow around
transmi ssion

Adjust or replace valve

Rupair circuit or replace
faulty unit

Clear cowl opening and
sump area

These questions were answered by the Vietnamese airmen after read-

ing one of three translations of the preceding section of the UH-1H

T™.

Please read the Vietnamese passage about ithe helicopter.
After you read the passage, answer the ten questiors. Write down
the exact words in the Vietnamese essay that allows you to answer
each of the ten questions.

1. The passage provides instructions for the maintenance of
helicopters. Who is authorized to perform the maintenance?

2, Name the parts that the miin transmission includes?

3. There are two methods that allow conditions and possible

causes to become known,

Name one of the methods.

4, There are two kinds of conditions that are omitted. Name
one of the conditions.

S. There are two ways that low oil pressure is indicated. Name
one of the two ways.

6. Is a faulty oil pump an

(a) 1indication of trouble
(b) a probable cause, or
(c) a corrective action?

7. If there is a grease leakage at tail rotor drive coupling,
what 1is the corrective action?

70
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10,

eaniaibes 18

If the corrective action is to replace the transmission and
also replace cooler, flush and repair external lines, what
is the probable cause that led to that action?

When high o0il pressure is an indication of trouble, there

are two probable causes. Name one of the two probable
causes.,

1f the probable cause of a trouble is an obstructed air
flow around transmission, what is the corrective action?
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