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Abstract

In order to serve coaching and combat readiness in the new situations, in recent years, our
Army has been invested and equipped with many innovative and modern weapons and
armaments. Many types of them are placed on military vehicles which have peculiar sizes,
loads and dynamic characteristics. Therefore, military ways whould have been designed
separate geometric elements, especially in the difficult conditions: craggy terrain
conditions, or on military routes that are quickly built without pavement. In this article, the
authors studied the theoretical basis and applied it to build dynamic factor diagrams of
some special military vehicles by analytically method as a basis of offering the maximum
longitudinal grade for specific military roads of the Vietnam People’s Army.
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1. Introduction

The system of military roads includes: roads that combine economic - defense
designed according to [1, 2] and specific military routes designed according to [3].
However, in the above documents, there is a lack of the recommendations about
designing geometric elements which are suitable for the size, weight and dynamic
characteristics of special military vehicles, especially recently fitted ones.

The maximum longitudinal grade is the most important geometrical element of the
military routes. It is usually determined only on the basis of the dynamic characteristics
of the military vehicle, the type of pavement and the designing velocity. Here, the
design speed is the desired marching speed which is decided follow the commander's
combat intentions, but the type of pavement is usually selected according to the local
material conditions.

The dynamical factor, denoted D, is an important dynamic characteristic of the
vehicle, that serves as the basis for determining the maximum longitudinal grade that
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the vehicle can overcome in a given road condition. Starting from the force balance
equation of a motor vehicle [4-6]:

Pc— (Ps+ PwtPi+ P)) =0 D
with Py, Pr, Pw, Pi, Pj are respectively the tractive force of driving vehicle, the rolling
resistance force, the aerodynamic drag force, the uphill resistance force and the inertial
resistance force acting on the vehicle when the vehicle is in motion.

We have the dynamical factor of a motor vehicle (traction per a weight unit of the
vehicle) determined by the formula [4, 6]:
My,

—K..FV?
r, 8

D= —fri+ o )

G g dt
where M is the tractive moment of the vehicle engine (kG.m); i; is the gear transmission
ratio, at the gear number i; io is the overall gear transmission ratio, which remains

constant for each specific vehicle; r¢ is the radius of master wheel, included its
deformation; n is the transmission efficiency factor; Kg is aerodynamical drag
coefficient (kG.s?/m*); F is frontal area of vehicle (m?); G is total weight of the motor
vehicle (kG); f is the rolling resistance coefficient and dimensionless, i is the
longitudinal grade of the road; J'is the rotational inertia coefficient; g is the gravitational
constant and v is the vehicle velocity (m/s?).

We can see that D depends on the rotational rate of the crankshaft and the vehicle
velocity corresponding to each gear.

In order of convenient using, the D-V dependency graphs (D - chart) are often
built by experiments on the vehicles working with maximum engine capacity [6-8].
In the geometric design of road and highway, D - chart has the following effects:

- Determine the maximum longitudinal grade of the road to ensure the
required speed;

- Determine the vehicle speed in a specified road condition;

- Determine the vehicle's ability to start at the foot of a slope;

- Determine the acceleration or deceleration lengths as the basis for designing
acceleration or deceleration lanes and auxiliary climbing lanes when necessary.

However, at present, the technical profiles of many military vehicles still lack

their D - chart. That’s making difficult for proposing the designing standards of military
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roads. When there are no conditions to conduct experiments, it is possible to build the
graphs of dynamic factors for military vehicles by analytical method on the basis of
current data in their technical profiles.

2. Building D - chart for some specific military vehicles by 3-point method
The vehicle’s diagram of dynamical factor is depicted in Fig. 1 [5].

D
Dl max

0 VH Vum VK v(m/s)

Fig. 1. D - chart of a vehicle [5]

In Fig. 1, there are the following special points:

H - starting point;

M - score corresponding to Dmax (corresponding to Memax Score);
T - point corresponding to Nemax (0ften called calculation point);
K - end of the curve.

Usually the point K = T [5]. Within the scope of this paper, the authors propose to use
the 3-point method to establish a drive factor chart according to the following steps [5]:

2.1. Determine the power of the engine (Nev) corresponding to the maximum speed of
the car (Vmax)

. : : T \"
When the car is moving uniformly at speed vmax, the acceleration J= E:O.
So we have the following power balance equation [5, 6]:

Nevaf +Nw+Nth (3)
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where Ney, Nt, Nw, Nt in turn are the power of the engine when the vehicle is moving at
Vmax, rolling resistance power, aerodynamical resistance power, power loss in the
transmission system.
Written in expanded form (3) has the form [5, 7]:
G,V + K. FVe
e 100047 .K,

(4)

where y is calculated overall drag coefficient of the road: y = f(v). An approximation
can be obtained:

- For passenger cars and vans: y, =0.01+5-107° V2
- For trucks: y, = (0.015+0.02)+6-10°° -v2_

Kg, F, G are as in equation (2); K is the coefficient taking into account the power loss
in the transmission system; 7 is transmission efficiency factor; vmax is the maximum
speed of the car (m/s).
2.2. Determine the maximum power of the engine and construct the motor’s external
speed curves

Normally, the rotation rate of the engine crankshaft at vmax (nev) is different from
the rotation rate corresponding to the maximum power (Nemax).

When determining Ney according to the rotation rate of the crankshaft ney, that is,
on the characteristic Ne = f(ne), we have a point.

The Engine’s external characteristic curves are those showing the relationship of
Me, Ne, ge With ne corresponding to the maximum fuel supply mode.

We can determine Nemax 0N the basis of the empirical formula S.R. Laydecman [6]:

Nopec = e ©)
[a.(”GV) b (Dery2 - c.(”evf}
neN neN neN

where a, b, ¢ are the empirical coefficients depending on the engine type. We can
choose the coefficients a, b, ¢ as follows:

- For gasoline engines:a=b=c=1

- For 2-stroke diesel engines: a=0.87,b=1.13,c=1

- For 4-stroke diesel engines: a =0.53, b =1.56, ¢ =1.09
- Or you can choose according to existing similar engines.
We can rewrite it as follows [7]:
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N
Ny = 2 6
M ad+bA?—cAd ©)

. N, . . . . .
with 4 =n—EV is the ratio between the rotation rate of the engine corresponding to the
eN

maximum speed (nev) of the vehicle and corresponding to the maximum power of the
engine (Nen).

- For gasoline engines with unlimited rotational rate: 2 =1.1+1.3

- For gasoline engines with rotational rate limiter set: 2 =0.8 + 0.9

- For diesel engines (usually with limiters): 4 =1

Substituting known or selected values in (6) we will determine the value Nemax.

To determine the rotation rate of the engine crankshaft corresponding to Nemax, We
can determine it in one of two ways:

- Reference nen in existing analog engines.

- Based on the value of the maximum angular velocity (@, ) of the modern

engines below and the value 4 to calculate.

+ For tourist cars: @, =523 + 575 (rad/s);
+ For trucks and buses with gasoline engines: @, =272 + 366 (rad/s);

+ For diesel trucks and buses: @,,, =209 + 334 (rad/s).

with Nemax and nen, the empirical formula Deerman was introduced to determine the
values of engine power according to the rotation rate of the crankshaft [7].

N, = Nemax.{a.( N
n

)+b.<n”e ) —c.(n”—ef} 7

From this, the power curve Ne = f(ne) is obtained and that is the torque curve:

M, =716.2-Ne (KG.m) (®)
n

e
where Ne is engine power (horsepower).
On that basis, we have calculated and built a dynamical factor chart for some of
military vehicles based on their tactical parameters [9] as follows:
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* Dynamical characteristics of motor vehicle YPAJI-4320-31

- Determine T-point: Based on the maximum power

Gear 1% Gear 2" Gear 39Gear | 4™ Gear | 5" Gear
Gear transmission ratio 5.22 2.90 1.52 1.00 0.66
Ne max, W 176,000.00

Rotation rate, rps 35.00

Angular velocity, rad/s 27.32

Radius of the master wheel, m 0.58

Velocity, m/s 3.03 5.46 10.41 15.82 23.97
Velacity, km/h 10.91 19.64 37.47 56.95 86.29
Tractive force, kG 5,034.79 2,797.11 | 1,466.07 964.52 | 636.58
- Determine point M: Based on maximum tractive moment

Gear 1% Gear 2" Gear 3dGear | 4" Gear | 5" Gear
Overall trasmission ratio 8.05

Gear transmission ratio 5.22 2.90 1.52 1.00 0.66
Maximum tractive moment Me, kG.m 90.00

Rotation rate, rps 22.50

Angular velocity, rad/s 17.56

Radius of the master wheel, m 0.58

Velocity, m/s 1.95 3.51 6.69 10.17 15.41
Velocity, km/h 7.01 12.63 24.09 36.61 55.47
Tractive force, kG 5,550.85 3,083.80 | 1,616.34 | 1,063.38 | 701.83
- Determine point H: Based on ®max

Gear 1% Gear 2" Gear 3dGear | 4" Gear | 5" Gear
Overall trasmission ratio 8.05

Gear transmission ratio 5.22 2.90 1.52 1.00 0.66
Ne max, W 176,000.00

Maximum rotation rate, rps 37.92

Maximum angular velocity, rad/s 29.59

Radius of the master wheel, m 0.58

Velocity, m/s 4.21 7.57 14.45 21.96 24.95
Velocity, km/h 15.14 27.26 52.01 79.05 89.83
Lamda 1.08

Ne, W 179,372.31

Me, kG.m 79.06

Tractive force, kG 4,875.88 2,708.82 | 1,419.80 934.08 | 616.49
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1%t Gear

Velocity, km/h 15.14 7.01 6.00
Tractive force, kG 4,875.88 5,550.85 5,034.79
Aerodynamical resistance force, kG 6.31 1.35 0.99
Dynamical factor D 0.304 0.347 0.314
2" Gear

Velocity, km/h 27.26 12.63 10.00
Tractive force, kG 2,708.82 3,083.80 2,797.11
Aerodynamical resistance force, kG 20.44 4.39 2.75
Dynamical factor D 0.168 0.192 0.174
3" Gear

Velocity, km/h 52.01 24.09 18.00
Tractive force, kG 1,419.80 1,616.34 1,466.07
Aerodynamical resistance force, kG 74.41 15.96 8.91
Dynamical factor D 0.084 0.100 0.091
4" Gear

Velocity, km/h 79.05 36.61 25.00
Tractive force, kG 934.08 1,063.38 964.52
Aerodynamical resistance force, kG 171.91 36.88 17.19
Dynamical factor D 0.048 0.064 0.059
5t Gear

Velocity, km/h 89.83 55.47 86.29
Tractive force, kG 616.49 701.83 636.58
Aerodynamical resistance force, kG 221.99 84.66 204.86
Dynamical factor D 0.025 0.039 0.027

Dynamical factor graph of motor vehicle YPA/T-4320-31
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Fig. 2. D - chart for motor vehicle YPAJI-4320-31.
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* Dynamical characteristics of motor vehicle YPAJI-55571-30

- Determine T-point: Based on the maximum power

Gear 15 Gear 2" Gear | 39Gear | 4" Gear | 5" Gear
Gear transmission ratio 5.26 2.90 1.52 1.00 0.66
Ne max, W 176,000.00

Rotation rate, rps 35.00

Angular velocity, rad/s 30.04

Radius of the master wheel, m 0.53

Velocity, m/s 3.03 5.50 10.49 15.95 24.16
Velocity, km/h 10.92 19.80 37.77 57.41 86.99
Tractive force, kG 5,032.70 2,774.68 | 1,454.32 956.79 631.48
- Determine point M: Based on maximum torque

Gear 1% Gear 2" Gear | 39Gear | 4" Gear | 5" Gear
Overall trasmission ratio 7.32

Gear transmission ratio 5.26 2.90 1.52 1.00 0.66
Maximum torque Me, kG.m 90.00

Rotation rate, rps 22.50

Angular velocity, rad/s 19.31

Radius of the master wheel, m 0.53

Velocity, m/s 1.95 3.54 6.75 10.25 15.53
Velocity, km/h 7.02 12.73 24.28 36.91 55.92
Tractive force, kG 5,548.53 3,059.08 | 1,603.38 | 1,054.85 696.20
- Determine point H: Based on ®max

Gear 1% Gear 2" Gear | 3 Gear | 4"Gear | 5" Gear
Overall trasmission ratio 7,32

Gear transmission ratio 5,26 2,90 1,52 1,00 0,66
Ne max, W 176,000.00

Maximum rotation rate, rps 37.92

Maximum angular velocity, rad/s 32.55

Radius of the master wheel, m 0.53

Velocity, m/s 3.83 6.94 13.24 20.13 22.87
Velocity, km/h 13.78 24.99 47.67 72.46 82.34
Lamda 1.08

Ne, W 179,372.31

Me, kG.m 79.06

Tractive force, kG 4,873.85 2,687.10 | 1,408.41 926.59 611.55
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1t Gear

Velocity, km/h 13.78 7.02 5.00
Tractive force, kG 4,873.85 5,548.53 5,032.70
Aerodynamical resistance force, kG 5.10 1.32 0.67
Dynamical factor D 0.235 0.268 0.243
2" Gear

Velocity, km/h 24.99 12.73 9.00
Tractive force, kG 2,687.10 3,059.08 2,774.68
Aerodynamical resistance force, kG 16.78 4.35 2.18
Dynamical factor D 0.129 0.147 0.134
3rd Gear

Velocity, km/h 47.67 24.28 16.00
Tractive force, kG 1,408.41 1,603.38 1,454.32
Aerodynamical resistance force, kG 61.07 15.85 6.88
Drive factor D 0.065 0.077 0.070
4" Gear

Velocity, km/h 72.46 36.91 24.00
Tractive force, kG 926.59 1,054.85 956.79
Aerodynamical resistance force, kG 141.11 36.61 15.48
Drive factor D 0.038 0.049 0.045
5t Gear

Velocity, km/h 82.34 55.92 86.99
Tractive force, kG 611.55 696.20 631.48
Aerodynamical resistance force, kG 182.21 84.04 203.36
Dynamical factor D 0.021 0.030 0.021

Dynamical factor graph of motor vehicle YPA/I-55571-30
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Fig. 3. D - chart of YPAJI-55571-30.
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* Dynamical characteristics of motor vehicle KPA3-257

- Determine T-point: Based on the maximum power

Gear 1% Gear | 2™Gear | 39Gear | 4" Gear 5t Gear
Gear transmission ratio 5.26 2.90 1.52 1.00 0.66
Ne max, W 176,519.52

Rotation rate, rps 35.00

Angular velocity, rad/s 28.45

Radius of the master wheel, m 0.53

Velocity, m/s 2.87 5.21 9.94 15.10 22.88
Velocity, km/h 10.34 18.75 35.77 54.37 82.38
Tractive force, kG 5,330.27 | 2,938.74 | 1,540.31 1,013.36 668.82

- Determine point M: Based on maximum torque

Gear 1% Gear 2 Gear | 39Gear | 4" Gear 5t Gear
Overall trasmission ratio 7.73

Gear transmission ratio 5.26 2.90 1.52 1.00 0.66
Maximum torque Me, kG.m 90.00

Rotation rate, rps 25.00

Angular velocity, rad/s 20.32

Radius of the master wheel, m 0.53

Velocity, m/s 2.05 3.72 7.10 10.79 16.34
Velocity, km/h 7.38 13.39 25.55 38.83 58.84
Tractive force, kG 5,859.31 | 3,230.42 | 1,693.19 1,113.94 735.20

- Determine point H: Based on ®max

Gear 1% Gear | 2™Gear | 3“Gear | 4" Gear 5t Gear
Overall trasmission ratio 7.73

Gear transmission ratio 5.26 2.90 1.52 1.00 0.66
Ne max, W 176,519.52

Maximum rotation rate, rps 37.92

Maximum angular velocity, rad/s 30.82

Radius of the master wheel, m 0.53

Velocity, m/s 3.83 6.94 13.24 20.13 22.87
Velocity, km/h 13.78 24.99 47.67 72.46 82.34
Lamda 1.08

Ne, W 179,901.79

Me, kG.m 79.29

Tractive force, kG 5,162.03 | 2,845.99 | 1,491.69 981.37 647.71
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1%t Gear

Velocity, km/h 13.78 7.38 5.00
Tractive force, kG 5,162.03 5,859.31 5,330.27
Aerodynamical resistance force, kG 5.27 151 0.69
Dynamical factor D 0.228 0.259 0.236
2" Gear

Velocity, km/h 24.99 13.39 10.00
Tractive force, kG 2,845.99 3,230.42 2,938.74
Aerodynamical resistance force, kG 17.33 4.98 2.78
Dynamical factor D 0.125 0.143 0.130
3rd Gear

Velocity, km/h 47.67 25.55 18.00
Tractive force, kG 1,491.69 1,693.19 1,540.31
Aerodynamical resistance force, kG 63.08 18.12 8.99
Dynamical factor D 0.063 0.074 0.068
4" Gear

Velocity, km/h 72.46 38.83 26.00
Tractive force, kG 981.37 1,113.94 1,013.36
Aerodynamical resistance force, kG 145.75 41.86 18.76
Dynamical factor D 0.037 0.047 0.044
5t Gear

Velocity, km/h 82.34 58.84 82.38
Tractive force, kG 647.71 735.20 668.82
Aerodynamical resistance force, kG 188.21 96.10 188.36
Dynamical factor D 0.020 0.028 0.021

Dynamical Factor D

Dynamical factor graph of the motor vehicle KPA3-257
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Fig. 4. D - chart of motor viehicle KPA3-257.
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3. Proposal of longitudinal grade for specific military road for
maneuvering of some special military vehicles
Starting from the condition of the vehicle’s movement in terms of traction (2), the

most unfavorable case, when the vehicle goes uphill imax, the vehicle can still run at a
certain marching speed, so we have [4, 6]:

D =f+i, or i, =D, —f 9

mi

Using the dynamical characteristics of some military vehicles built in section 2,
the authors have calculated the maximum longitudinal grade that the vehicle can
overcome corresponding to different marching speeds. Calculation results when
excluding pavement deformation are shown in Tab. 1 + 3.

Tab. 1. Maximum longitudinal grade of the manoeuvre according to YPAJI-4320-31

Maximum longitudinal grade each pavement type, %
Cement
Moving Concrete or Black Macadam or Dry flat Wet rough
speed, km/h asphalt macadam aggregate subgrade subgrade
Concrete (f=0.022) (fF=0.04) (f=0.045) (f=0.12)
(f=0.015)
15 17.50 16.80 15.00 14.50 7.00
24 8.5 7.80 6.00 5.50 -
36 5.00 4.30 2.50 2.00 -
55 2.50 1.80 0.00 - -
75 1.50 0.80 - - -
90 1.00 0.30 - - -

Table 2. Maximum longitudinal grade of the manoeuvre according to YPAJI-55571-30

Maximum longitudinal grade each pavement type, %

Cement
Moving Concrete or Black Macadam or Dry flat Wet rough
speed, km/h asphalt macadam aggregate subgrade subgrade

Concrete (f=0.022) (f=10.04) (f=0.045) (f=0.12)
(f=0.015)

75 25.50 24.80 23.00 22.50 15.00

14 13.50 12.80 11.00 10.50 3.00

24 6.50 5.80 4.00 3.50 -

36 3.50 2.80 1.00 0.50 -

56 2.50 1.80 0.00 - -

85 0.50 - - - -
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Tab. 3. Maximum longitudinal grade of the manoeuvre according to KPA3-257

Maximum longitudinal grade each pavement type, %
Cement
Moving Concrete or Black Macadam or Dry flat Wet rough
speed, km/h asphalt macadam aggregate subgrade subgrade
Concrete (f=0.022) (f=0.04) (f=0.045) (f=0.12)
(f=0.015)
7.5 24.5 23.80 22.00 21.50 14.00
15 12.5 11.80 10.00 9.50 2.00
25 5.80 5.10 3.30 2.80 -
38 3.50 2.80 1.00 0.50 -
58 1.50 0.80 - - -
80 0.5 - - - -

In addition, using the D - charts of military vehicles, we can calculate and build
the graphs of the acceleration and deceleration segments for military vehicles according
to the road’s longitudinal grade as a basis for designing speed change lanes, and also
can establish the velocity graphs of the military convoy when there is a task
requirement. In these contents, the authors would like to mention in future researches.

4. Conclusions

- When there is no document about the dynamical factor graphs of military motor
vehicles and there are no conditions to conduct experiments to establish the chart, using
the theoretical method proposed by the authors, it is possible to build a D - chart of
military vehicles based on their tactical specifications;

- From the D - charts of military vehicles, the authors have calculated the
maximum longitudinal grades that the vehicles can overcome according to the vehicle's
maneuvering speed, as a basis for designing the maneuvering road and calculating the
travel time troops on the military road network for different combat options.
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NGHIEN CUU BE XUAT PO DOC TREN TRAC DQC
CHO MOT SO TUYEN PUONG QUAN SU PAC THU

Tran Thi Thu Trang’, Phan Xuin Thily?, Nguyén Quang Chung?
'Pai hoc Ky thudt Lé Quy Pon, Ha Noi, Viéet Nam;

2L doan 72, Binh ching Cong binh;

3Vién Ky thudt Cong binh, B tur lénh Céng binh

Tom tit: Pé phuc vu cong tac hudn luyén va sdn sang chién dau trong tinh hinh méi, vdi
nam gan ddy, Qudn ddi ta da dwoc dau tie trang bi nhiéu vii khi, khi tai méi, hién dai. Trong dé,
nhiéu logi ddt trén cdc xe quan su co kich thuoc, tdi trong va ddac tinh dong lyc ddac thu nén can
6 cdc thiét ké yéu té hinh hoc riéng cho dwong co dong ciia chiing, nhat la trong cdc diéu kién
khé khan vé dia hinh, hay trén cdc tuyén qudn sw ddc thii xdy dung nhanh khéng cé két cau mat
dwong. Trong bai bdo ndy, CAC tac gia di nghién civu Co s6 1y thuyét va van dung dé xdy dung
biéu do nhan té dong luc ciia mét sé loai xe qudn sw ddc ching bang phwong phdp gidi tich,
lam co sé d@é xudt do doc doc téi da cho cdc tuyén duong quan sy dac thu cua Quan doi
Nhan ddan Viét Nam.

Tur khéa: BDuong quan sy; xe quan sy; do dbc doc 16n nhét; nhan td dong lyc hoc; luc kéo.
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