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A Psychological Study on the Mental Stress of Pilots (I)

—Pulse and respiratory rate during flight—

By Noriko M1ryosHI, Moriyuki MOMONA
and Masanori OKABE

This report concerns with the usefulness of measuring changes in pulse and
respiratory rates as the indices to monitoring the mental stress of pilots in flight.
The continuous mesurements during one hour flight has been carried out with
nine experienced pilot subjects. The flight profile included 14 different maneuvers
in a twin-engines aircraft. Recordings were made with both the main pilot and
the co-pilot flight situation respectively. As the control data, a rating scale for
their mental stress level by a self-determination when performing the above 14
tasks was prepared by the paired comparison.

The following informations are gained.

1. Pulse rate has remarkably increased in main pilot flying especially
in take-off, landing and an engine stop.
Increasing rates are:

in take-off av. T74.8% up
in landing av. 92.5% up
in an engine stop av. 74.5% up

2. These experiments have suggested that the use of pulse rate for
monitoring of pilot’s mental stress is promising, because of high
correlation level between increasing rate of pulse in main pilot and
the rating of their mental stress level.

3. The finding suggests that respiratory rate seems not to be useful
for the monitoring of pilot stress in flight, involving certain voluntary
noises caused by the radio contact to tower and others in the record-
ings; however, further studies are necessary before this measure
may be rejected.
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Task Analysis -~ Queen Air

Task No. 1—Engine Start

Sequence of Operations Manual Visual Cues Time
Operation . . o Control Used i .
No. Pilot Functions Required Manipurator se Each Ope. 'Cumulahve
1. Prop. full increase Throttle lever | Fuel pressure ’
2. Throttle 1/8”” open Boost pump sw. | Light
3. Right engine start Magneto sw.
a) Boost pump sw. on Prime sw. ‘:
b) Fuel pressure check Starter
c) Magneto sw. Idle cut off sw.
d) Prime sw. Throttle lever {
e) Starter sw. Generator sw. | Oil pressure
f) Idle cut off sw. on Boost pump sw.
i! g) Throttle open 1500 rpm
i h) Generator sw. on
E i) Oil pressure 25 psi
i j) Boost pump sw. off
4. f Repeat ope. 3 for left engine 105”7
Task No. 2—Take off
1. Throttle open MP 43'® rpm 3200 | Throttle lever | Engine rpm i
2. Keep heading (by rudder) Rudder Light (gear)
3. Flare stick up 95 m/h Stick MP rpm
4. Gear up lever, light check Gear lever Altimeter
5. Power set lever, MP 40'® rpm 3000 Airspeed i
6. Flap up lever Flap lever
7. Airspeed set stick 140 m/h
8. Trim set (knob) Trim knob
9. Booster pump off Boost pump sw. 48"
Task No. 3—Forward Flight
1. " Throttle open to 2700 rpm Throttle lever | Altimeter
2. 1 Airspeed & alt. set (by stick) | Stick Airspeed
3. | Heading, alt. maintaining (by | Rudder Compass
| stick, power) RPM 500"
Task No. 4, 5—Turn and Bank—30° Left, 30° Right.
1. Compass check Stick Compass }
2. | Tumn Rudder Turn & bank ind. |
3. Compass check for new heading Horizontal Gyro { f
4. Stop turn Altimeter :
5. 2°00""

Repeat ope. 1-4 for right turn
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Task No. 6, 7—Turn and Bank—45° Left, 45° Right

Radio contact to tower

Sequence of Operations Manual Visual Cues Time
Operation | Pi : . Control Used .
No. | ilot Functions Required Manipurator se Each Ope. 4Cumulat1ve
The same to task No. 4 ! t 114" I
Task No. 8, 9—Turn and Bank—60° Left, 60° Right
The same to task No. 4 } i 102" 1
Task No. 10—Single Engine
Stop Engine ; ‘
1. . Throttle close, keep heading, | Throttle lever | Altimeter !
altitude and airspeed Pitch lever Airspeed 1[
2. Pitch lever to 3000 rpm Idle cut off sw.| Compass ]
3. Idle cut off sw. off Trim knob RPM ind. ’
4. i Pitch lever close to feathering, | Mag. sw. i
check prop. stop and fethered = Gen. sw. |
5. ‘ Power and trim adjust keep ' Fuel selector i
~ 120~130 mph ! !
6. . Keep heading and altitude '
7. | Mag. sw. off i
8. 1 Gen. sw. off
9. 1 Fuel selector off
10. 1 Reverse ope. 1~9 for recovery - 330"
Task No. 11—Forward level flight
Decent i
1. Throttle lever close to 1500 rpm | Throttle lever | Altimeter |
2. Airspeed set 140 mph Elevator Vertical speed |
3. Rate of decent check
Level off E
1. Throttle open to 2700 rpm Throttle lever | Airspeed |
2. Airspeed & alt. set Stick Altimeter
3. Heading, altitude maintain | Compass | 500"
Task No. 12—Landing Approach
1. Airspeed set 130 mph Throttle lever | Airspeed
2. Booster pump on Booster sw. Fuel preasure
3. Gear down Gear lever Gear light
4. Power adjust Flap lever RPM
5. Flap down Radio Flap ind.
6.
7.

Turn to base leg
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Task No. 12—Landing Approach—continued
Sequence of Operations Manual ‘ Visual Cues Time
5] : Control
pgrr:tlon Pilot Punctions Required Manipurator Used Each Ope. | Cumulative
8. Flap down lever to 50%
9. Power adjust ;
10. Radio contact to tower |
11. Recheck gear 1 2'10”
Task No. 13—Landing Touchdown
1. Turn to final | Throttle RPM
2. Power adjust : Stick Airspeed
3. Flap full down ! Flap lever Flap ind.
4, Flare ! Rudder
5. Power off, Throttle lever close l Booster pump
6. Keep heading SW.
7. Flare up i Gyro compass
8. Booster pump off knob
9. Gyro compass off ] 22
Task No. 14—Shutdown
1. Parking brake set Parking brake
2. Radio sw. off Radio sw.
3. Battery check Battery sw.
4. Throttle to 1600 rpm Throttle lever
5. Throttle to 1000 rpm Idle cut off sw.
6. Idle cut off sw. off Mag. sw.
7. Mag. sw. off Battery &
8. Battery & generator sw. off generator sw.
9. Fuel selector off Fuel selector 105"
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