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Abstract: Clamshell cranes are hoisting machines (machines with cyclic action) designed for handling bulk materials. The name of these 

cranes comes from the load gripping device – clamshell grab. In addition to the clamshell (two-jaw) grab for bulk materials, there are grabs 
designed for long-size and single loads. In the case of high-productivity bulk materials handling, double-rope clamshells are most suitable, 

which require a specialized clamshell crane with two hoisting mechanisms. The article discusses a reducer for a crane hoisting mechanism 

with an embedded planetary gear train (PGT), allowing the two ropes to move together, at the same speed, as well as independently of each 
other, or together at different speeds. The different modes of operation of the mechanism are considered. An analysis of the possible 

kinematic schemes of the PGT is made. The necessary kinematic calculations are made to select the most suitable variant of the PGT.  
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1. Introduction 
Clamshell cranes are hoisting machines (machines with cyclic 
action) designed for handling bulk materials [1, 2]. They are most 

often used for handling (loading, unloading and reloading) 
operations with coal, ore, sand and gravel materials, earth and stone, 

etc. The name of these cranes comes from the load gripping device 
– clamshell grab. The clamshell is the most common one which is 

used in silty, clayey and sandy materials, but there are also grabs 

designed for single loads, long loads, scrap (chips), wastes, etc. The 
characteristic of them is that the gripping and unloading of the 

material is done mechanized.  
Clamshell consists of two jaws hinged (to the lower beam), which 

are opened and closed by means of rods attached to the upper beam 
of the clamshell (Fig. 1). In this arrangement, the closing (scooping, 

digging of the material) and the opening (pouring, unloading of the 

material) of the jaws takes place with the removal or approach of 
the two beams. The two-jaw grab for long loads works on the same 

principle (Fig. 2). For gripping single loads, scrap, wastes, etc., 
multi-petal grabs are used (Fig. 3). In addition to the crane hoisting 

mechanism, the grab (mainly the arrangements of Figures 2 and 3) 
can be attached directly to the boom of an excavator or a 

manipulator.  
 

 
Fig. 1. Double-rope clamshell (for bulk materials) 

 

 
Fig. 2. Two-jaw grab for long loads 

 

 
a)                                     b) 

                 
Fig. 3. Multi-petal grabs: а – double-rope orange peel grab; b – 
non power self-supplied hydraulic cactus grab  

 
Clamshells according to the way of their drive are single-rope, 

double-rope, power self-supplied (motor), and non power self-
supplied (hydraulic and pneumatic). In motor clamshells, the 

opening-closing mechanism is located on the grab, which allows it 
to be hanged to a hoisting mechanism with a universal crane hook. 

They are suitable for less frequent use of the grab – for example at 

railway stations, where the same crane handles both bulk (with the 
clamshell) and single (with the crane hook) loads. These clamshells 

are heavier and cannot work underwater. In non power self-supplied 
grabs, the motor is located outside and the drive is carried out by 

hydraulics or pneumatics (especially convenient when attaching the 
grab to the boom of an excavator or a manipulator). Single-rope 

clamshells are attached to the rope of the crane hoisting mechanism, 
which makes them suitable for universal cranes, but their 

productivity is lower because the clamshell is opened with a 

separate operation [2]. In the case of processing only bulk materials 
with high productivity, the most suitable are the double-rope 

clamshells, which need a specialized clamshell crane with two 
hoisting mechanisms. Their principle of operation is shown in Fig. 

4. 
In the open position (Fig. 4b) the clamshell is carried by the holding 

rope 1 attached to the upper beam, the lower beam being in the 
lower end position because the closing rope attached to it is loose. 

When scooping, the open clamshell is lowered at high speed and the 

jaws are driven into the material (Fig. 4b). When closing the jaws of 
the clamshell (Fig. 4c), the closing rope 2 rises with a fixed holding 

rope. When raising (or lowering) the closed clamshell, the two 
ropes move at the same speed (Fig. 4d). The opening (pouring of 

the load) is done by loosening the closing rope (Fig. 4a). 
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Fig. 4. Different steps of the operating cycle of double-rope 

clamshell (1 – holding rope, 2 – closing rope, А – lower beam, B – 

upper beam) [2] 
а) opening 

b) lowering of open clamshell 
c) closing (scoping, digging of the material) 

d) hoisting (lowering, resp.) of closed clamshell 
 

The drive of the two hoisting mechanisms must allow the 

movement of the two ropes both at the same and at different speeds. 
This is most easily achieved by driving the two rope drums with 

separate motors and gearboxes (Fig. 5) [2].  
 

 
Fig. 5. Autonomous drive of the two hoisting mechanisms of a 

double-rope clamshell crane [2] 
 

More rational is a solution in which one gearbox (reducer) drives 
both drums. In order to perform the above movements, it is 

necessary for the gearbox to be driven by two motors, and to have 
an emended PGT (Fig. 6), capable of operating with both one and 

two degrees of freedom [3, 4].  

 

Fig. 6. Driving the hoisting mechanism of clamshell crane by a 
gearbox with an embedded PGT [1] 

The aim of this article is to propose a suitable kinematic scheme of 
a hoisting mechanism for a double-rope clamshell crane with a PGT 

embedded into the reducer.  
 

2. Design solution 
2.1. Kinematic scheme 
In Fig. 7 is shown the kinematic scheme of the drive of the two 

drums of the hoisting mechanism of a double-rope clamshell [3, 4]. 
The operation of this clamshell (Fig. 4) requires the holding rope 1 

(attached to the upper beam of the clamshell) and the closing rope 2 

(attached to the lower beam) to move both at the same speed as well 
as independently of each other. In addition, it is desirable to 

distribute the load between the two ropes when raising the loaded 
clamshell.  

 
Fig. 7. Kinematic scheme of hoisting mechanism of double-rope 

clamshell with embedded AI -PGT in the gearbox 
 

2.2. Operating modes 
At hoisting and lowering of the clamshell, loaded or unloaded 
(Figures 4b and 4d), the two ropes must move at equal speed (to 

keep the clamshell from opening and spilling material). In this case 
(Fig. 8), only the motor for hoisting works, driving the two drums. 

The PGT operates with fixed sun gear.  
At closing of the clamshell (Fig. 4c), the closing rope 2 moves 

(upward) with fixed holding rope 1. In this case (Fig. 9), only the 
motor for closing works, and the PGT operates with fixed ring gear.  

At opening (unloading) of the fixed clamshell, the closing rope 2 

moves (downward) at fixed holding rope 1 (Fig. 4а). In this case 
(Fig. 9), only the motor for closing works and the PGT operates 

with fixed ring gear.  
The arrangement allows for opening of the clamshell with moving 

holding rope (hoisting or lowering), which reduces the time of 
operating cycle and increases productivity of the machine. In this 

case (Fig. 10), both motors work, and the PGT operates as a 

summation differential [3, 4]. Closing rope 2 must move downward 
with respect to the holding rope.  
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Fig. 8. Operation of the hoisting mechanism of Fig. 7 at hoisting and lowering of clamshell (holding and closing ropes move at equal speed) 

 

 
Fig. 9. Operation of the hoisting mechanism of Fig. 7 at opening and closing of fixed clamshell (only closing rope moves)    

 
 

 
Fig. 10. Operation of the hoisting mechanism of Fig. 7 at opening of moving clamshell (holding and closing ropes move at different speed)  
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3. Features of AI -PGT 
When studying the wide variety of simple (single-carrier) PGTs, it 
is appropriate to use the designation in which the external meshing 

is marked with the letter A, the internal meshing – with the letter I, 
and in case of one-rim planet, a dash is placed above the 

designation. Thus, the most commonly used simple PGT is referred 

to as AI  (Fig. 11) [3, 4].  
The study of PGT will use the torque method proposed by K. 
Arnaudov, developed in the dissertation of D. Karaivanov [5] and 

further developed in a number of publications [6 – 10]. The essence 
of the method is as follows:  

1) The well-known Wolf symbol is used [11] (Fig. 11), in which, 

due to its round shape, the simple PGT is represented by a circle, 
and the three shafts protruding beyond it – by lines. In order to 

achieve maximum clarity, the Wolf symbol is developed by 
Arnaudov – the three shafts of the gear train being marked with 

different lines as appropriate:         
- The two shafts with unidirectional ideal external torques 

1Т and 
3Т  (on the sun gear 1 and the ring gear 3) are marked 

with single lines, but with different thickness, according to 

the magnitude of the respective torque. Since 
1 3Т Т , the 

shaft of the sun gear 1 is marked by a thin single line, and 
the shaft of the ring gear 3 – by a thick single line;  

- The carrier H is marked with a double line, because its 

torque 
НТ  is the biggest. It is opposite to the other two and 

equal in absolute value to their sum  

 1 3НТ Т Т   .                                                                       (1) 

Thus, the three ideal external torques of the PGT are arranged in 

size as follows  

1 3 HT T T   .                                                                             (2) 

 

 

 
 

Fig. 11. АI -PGT – kinematic scheme, ideal external torques, 

symbol of Wolf-Arnaudov, and lever analogy  
 

 

2) A torque ratio t  of unidirectional torques is defined 

3 3
0

1 1

1
T z

t i
T z

     .                                                                (3)  

It is necessary to emphasize that not all types of PGTs have a 

dependence 
0t i   and this is not a general dependence (not so 

with "+" PGTs!) [4]. 

The torque ratio t  defined in this way turns out to be very 

convenient to work with (not only in the  АІ -PGT). It can be used 

to express ideal external torques as follows  

3 1Т t T       and      1 3 11HT T T t T      .                 (4) 

If accepted 
1 1T   , the so-called specific torques are obtained  

3Т t     and     1HT t   ,                                                 (5) 

and they are very convenient to work with.  

Using these dependencies, it is easy to determine what the sum of 
the three ideal external torques is equal to, namely  

 1 3 1 1 0i HТ T T T t t        .                             (6) 

This dependence provides a good opportunity to verify the accuracy 

of the calculations, an opportunity that is missing in the methods of 
Willis and Kutzbach. 

3) It is also very important to keep in mind that the three ideal 

external torques 
1Т , 

3Т , and 
НТ  are in constant proportion  

   1 3 1 1 1: : : : 1 1: : 1HT T T T t T t T t t                (7) 

nevertheless 

- with how many degrees of freedom F the PGT works, 
with F = 1 or with F = 2; 

- which element of the PGT is fixed at F = 1 degree of 

freedom; 
- what is the direction of power transmission, i.e., whether 

the gear works as a reducer or multiplier at F = 1, or as a 
summing or division differential at F = 2;  

- whether the PGT operates alone or as part of a compound 

multi-carrier PGT.  
4) From the above dependences for the three ideal external torques 

of the PGT shafts, it is not difficult to establish that there is an 
analogy of the gear train with a lever loaded with three forces, i.e., 

there is a lever analogy. In Fig. 11 is shown a comparison of the 
PGT with a straight lever, which shows the complete analogy [6]. 

This lever analogy with its clarity is very useful for easier 

understanding of the work of the PGTs.  

5) Ideal external torques – input 
АТ , output 

ВТ , and reactive 
СТ  

(of the fixed element) – are used to determine the PGT ratio i  when 

the train operates with F = 1 degree of freedom (not with F = 2!). It 
is based on the law of conservation of energy, assuming that the 

PGT works without losses, i.e., that the basic efficiency is 
0 1  .  

Denoting the input power with 
АР  and the output one with 

ВР , 

the energy conservation condition is expressed as follows  

0i A B A A B BP P P T T        .                              (8) 

Hence, for the speed ratio is obtained 

A B

B A

T
i

T




   .                                                                         (9) 

6) Real external torques 
1Т  , 

3Т   and 
НТ  , respectively, 

АТ   and 

ВТ  , taking into account the losses in the gear train, are determined 

depending on the direction of the relative power 
relP , namely:  

- whether 
relP  is transmitted from the sun gear 1 through 

the planets 2, to the ring gear 3;  
or vice versa 

- from the ring gear 3 to the sun gear. 
These real external torques allow the determination of the efficiency 

of the gear train [4, 12, 13]. This is done by initially determining the 

so-called torque transmit ratio 
Ti  of the real external torques on the 

input A and the output B of the PGT               

B
T

A

T
i

T





.                                                                                   (10) 

This ratio is used to determine the efficiency  

Ti

i
    .                                                                                 (11) 

Unlike the torque transmit ratio 
Ti , the speed ratio i  is also called 

the kinematic transmit ratio and in some cases, for greater clarity, is 

denoted by the index k , i.e., 
ki .  

Formula (11) is derived from powers equilibrium 

0A B A A B BР P P T T              ,                  (12) 

from where formula (11) is obtained 

1

3 Н
2

1Т

3Т

НТ

НТ

1Т

3Т

t

0
1Ft1

3F

HF
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B B B B A T

A A A A B k

P T T T i

P T i




  

   
       

  
.                            (13) 

 

4. Determination of the parameters of the gearbox 
The speed ratios (respectively the number of teeth) of the individual 
gearbox stages depend on the drums diameters and on the pulleys 

ratios of the two ropes. Provided that both drums have the same 

diameter (taken only as an example, not necessarily), in order for 
the two ropes to move at the same speed (Fig. 8), it is necessary that 

the angular velocities of both drums are equal. For this purpose, the 
speed ratios in the two branches of the transmitted power must be 

equal.  

The speed ratio of the power branch driving the lifting drum 
li  is 

equal to  

7 9
67 89

6 8

0l

z z
i i i

z z

   
         

   

,                                         (14) 

where z is the number of teeth of the respective gear. 

When driving the closing drum, the PGT works with F = 1 degree 
of freedom with a fixed sun gear 1, an input ring gear 3, and an 

output carrier H. Its speed ratio 
 3 1Н

i  is equal to [3, 4] 

 
1

3 1

3

1 0
Н

z
i

z
   .                                                                   (15) 

The total speed ratio of the power branch driving this drum 
cli  is 

equal to  

 
5 1 11

45 10.113 1

4 3 10

1 0cl H

z z z
i i i i

z z z

   
          

   

.          (16) 

It can be seen from formulae (14) and (16) that in this kinematic 
scheme both drums rotate in the same direction, which is 

convenient for arrangement reasons. For equality of speed ratios 

l cli i                                                                                          (17) 

the following kinematic condition must be met 

7 9 5 1 11

6 8 4 3 10

1
z z z z z

z z z z z

 
   

 

.                                                       (18) 

When operating only the motor for closing the clamshell (Fig. 9), 

the PGT operates with F = 1 degree of freedom with a fixed ring 
gear 3, an input sun gear 1, and an output carrier H. Its speed ratio 

 1 3Н
i  is equal to  

 
3

1 3

1

1 0
Н

z
i

z
   ,                                                                     (19) 

and the totalа speed ratio of this power branch 
1cli  is equal to  

 
3 11

1 10.111 3

1 10

1 0cl H

z z
i i i

z z

  
       

  

.                              (20) 

The negative sign of this speed ratio must be taken into account 

when determining the direction of the motor rotation. 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

5. Conclusions 
The proposed kinematic scheme is relatively simple, with fewer 

gears than the scheme of Fig. 6, and gives good kinematic 
capabilities. Dependencies are derived that allow the determination 

of the number of teeth on the gears of the gearbox to meet the 
requirements for the operation of the double-rope clamshell.  
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